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1Introduction and History 
of Multidisciplinary Care

Robert M. Henshaw

It is widely accepted that a multidisciplinary approach is necessary to ensure the 
optimal care of patients with cancer, a complex disease that frequently requires a 
combination of treatments (e.g., surgery, chemotherapy, radiation therapy) to offer 
patients a chance at long-term survival. However, little has been written on how 
such multidisciplinary care should best be organized and/or delivered to patients 
suffering from sarcoma, a rare family of bone and soft tissue cancers. The purpose 
of this book is to explore the rationale and specific methods for providing multidis-
ciplinary care for these challenging patients. As with most complex issues, there is 
no single solution that will fit into every community or organization dealing with 
this disease. Therefore, we have invited a variety of authors from sarcoma centers 
and practices in the United States and from around the world, emphasizing best 
practices that can be translated into local and regional groups seeking to improve 
access and care delivery for these patients.

At its core, a multidisciplinary approach is simply the application and coordina-
tion of individuals and/or teams representing different specialties working together 
and applying their knowledge and skills in their respective fields in order to solve 
or overcome a challenging problem. The term multidisciplinary is often inter-
changeably used with the terms interdisciplinary and transdisciplinary, particularly 
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within the medical literature. Each of these terms has its own unique definition and 
represents, in order: additive care from each specialty, interactive care among spe-
cialties, and an overall holistic integration of all specialties [1]. However, for sim-
plicity and clarity, we will use the term multidisciplinary to represent each of these 
related concepts.

Recognition that the increasing complexity of scientific knowledge extends 
beyond the purview of a given specialty and that better understanding of a scientific 
field requires a synthesis of multiple viewpoints dates back to the 1920s [2]. In prior 
decades, the primary scientific paradigm was based on simple causality, with efforts 
focused on identifying the underlying cause for an observed outcome. While this 
simplistic view allowed for significant progress in areas of research, scientists began 
to realize that many problems in nature could not be reduced to a simple cause and 
effect model. The concept of complexity within a system, where interrelated and 
interdependent causes would lead to a specific outcome, required a fresh approach. 
Specialists in any given field began to find that progress could only be made by 
integrating their knowledge with colleagues from different specialties. The intro-
duction and development of such multidisciplinary teams became widely accepted 
during the Second World, as exemplified by the rise of what became known as the 
military industrial complex, which grew to support efforts during the war. Perhaps 
the ultimate example of the success of the multidisciplinary model was the 
Manhattan Project; the physical creation of a new community, Los Alamos, placed 
scientists from a wide variety of esoteric fields into a massive cooperative group 
dedicated to the development of the atomic bomb [3]. This highly successful proj-
ect, along with the subsequent Apollo lunar program under NASA, heralded the 
success of “Big Science” as an effective way of approaching and solving complex 
problems beyond the ken of any individual person or specialty.

1.1	 �Multidisciplinary Approach in Medicine

Medicine has undergone a renaissance similar to that seen in high technology fields, 
with increasing detailed knowledge of biologic processes and systems as well as the 
development of entirely new areas of specialization including the ever-expanding 
scope of genomics and proteonomics. As with other fields, this change was driven 
by a move beyond simple causality (a single cause leading to a defined effect) to a 
complex systems approach [4]. The rapid expansion of knowledge within medicine 
has effectively led to the demise of the traditional general physician single handedly 
providing comprehensive care for to patients [5]. Multidisciplinary approaches 
began in hospitals and large healthcare systems, first, to deal with complex medical 
issues and then, with increasing recognition of the value of such approaches, to 
ensure proper patient care. Most recently, multidisciplinary approaches have been 
widely adopted to promote efficiency within the healthcare arena, maximizing cost 
savings while emphasizing patient safety.

Beginning in the late 1990s, team approaches were successfully instituted for a 
variety of complex, often chronic, illnesses. These ran the gamut of medical condi-
tions, including such conditions as geriatric medicine [6], chronic back pain [7], 
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diabetes [8], renal failure [9], and heart disease [10]. The first big campaign to 
conquer cancer, the National Cancer Act of 1971, was signed into law by President 
Richard Nixon, leading to the creation of the National Cancer Institute. Researchers, 
supported by this national effort, quickly realized the complexity of cancer, best 
thought of as a multitude of separate diseases requiring a multitude of different 
treatments. This recognition led physicians to adopt various forms of multidisci-
plinary approaches to deal with this complexity.

1.2	 �The Multidisciplinary Tumor Board

One of the earliest forms of multidisciplinary cancer care was the institutional tumor 
board, where frank discussions among specialists helped to guide patient care. 
Comprised of a team of oncologist specialists, including representatives of medical 
and surgical as well as diagnostic specialties, the tumor board would review indi-
vidual cases and make treatment recommendations for further workup and/or treat-
ment. This model was instrumental in helping move care of individual patients out 
of highly specialized research centers and into community facilities, greatly increas-
ing access to quality care for the majority of patients with cancer [11]. The accep-
tance of the tumor board model as a successful method of administering 
multidisciplinary care is evident as disease-specific tumor boards/cancer confer-
ences became requirements for program certification under the American College 
of Surgeons Commission on Cancer [12]. Using the tumor board model, the National 
Comprehensive Cancer Network (NCCN) has produced a monthly series of Internet 
broadcast disease-specific conferences (webinars) featuring a multidisciplinary 
analysis and discussion of care [13]. However, despite this widespread acceptance, 
a large multi-institutional study has questioned the actual benefit of tumor boards 
relative to individual patients and their outcomes [14]. Advocates for the tumor 
board model of care note that they remain valid methods for applying practice 
guidelines, identifying patients for clinical trials, and they suggest that better train-
ing of the multidisciplinary team members may lead to better patient outcomes [15].

1.3	 �Multidisciplinary Care Teams

As a natural extension of the multidisciplinary tumor boards, multidisciplinary 
care teams, organized by tumor subtype, formed to provide optimal and coordi-
nated care for patients. While this was certainly beneficial for patients with com-
mon cancers such as breast cancer, perhaps the most important application was for 
patients with rare diseases such as sarcoma. Sarcomas, of which there are more 
than 70 subtypes commonly recognized, arise from mesenchymal tissue and can be 
found in any region of the body. Different subtypes have predilections for occuring 
in particular regions of the body as well as at specific age ranges. This broad assort-
ment of tumor subtypes, each having different biologic potential and response to 
chemotherapy and/or radiation, makes it extremely difficult to compile information 
on a large number of patients with similar clinical characteristics. As a result, there 
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are no consensus guidelines supported by level I evidence clinical trials to recom-
mend specific treatments for an individual patient. Accordingly, a multidisciplinary 
care team comprised of surgical oncologists, medical oncologists, radiation oncol-
ogists, diagnostic radiology, musculoskeletal pathology, and other related fields 
with specific interest and expertise in sarcoma is needed to help ensure that each 
individual patient receives a personalized recommendation based upon input from 
all points of view.

A variety of clinical care models have been introduced in support of a multidis-
ciplinary care approach. A simple and common model is that of a “Cancer Institute”, 
where patients can be seen by a variety of oncologic specialists within a single 
building. A more integrated approach is the concept of a disease-specific clinic, 
where multiple specialists come together as a team, to see patients and discuss care, 
often sequentally or simultaneously in a single exam room. An example of such an 
approach is the multidisciplinary sarcoma clinic held at Children’s National Medical 
Center in Washington DC. Sarcoma patients are seen every other week by a team 
staffed by pediatric medical oncology, orthopedic oncology, physical therapy, and 
diagnostic radiology. All patients are discussed in a team meeting after which 
patients are physically seen simultaneously by representatives of each specialty. 
This will be discussed further in the chapter on pediatric oncology. The rationale 
and benefits of a multidisciplinary clinic specifically for bone and soft tissue sarco-
mas have been recently outlined [16] in the Journal of Multidisciplinary Healthcare, 
an open access journal dedicated to publishing research in healthcare areas deliv-
ered by practitioners of different disciplines on a yearly basis.

The rarity of sarcomas has led to the development of some innovative models of 
care in an effort to improve efficiency and to further gain experience in patient care. 
An interesting example of an innovative approach to this rare disease is the virtual 
tumor clinic developed in Scotland and discussed later in this book. The virtual 
clinic enables a dedicated care team to review potential patients and to coordinate 
ongoing care over a wide geographic area. Perhaps one of the most unique care 
models is the pediatric and wild-type GIST tumor clinic at the National Cancer 
Institute. This highly specialized clinic was developed in recognition that the pedi-
atric form of this already rare disease is strikingly different from adults GIST both 
in clinical presentation tumor response and molecular mutations. The National 
Institute of Health, starting in 2008, has held biannual clinics in which researchers 
and clinicians are brought together at the NIH campus with patients with this rare 
disease to gather clinical information, facilitate communication, discuss and imple-
ment experimental agents, and assess patients for clinical trials [17]. The success of 
this clinic has enabled researchers to gather clinical data on 50 patients and collect 
tissue samples on 20 of these patients in 2 years.

The introduction of Internet-based technologies has also played a role in the 
development of multidisciplinary care for sarcomas. One example is the use of a 
videoconferencing bridge enabling remote sites to participate in a multidisciplinary 
sarcoma tumor board. Hosted by the Mayo Clinic, a total of eight sarcoma programs 
remotely participated in a weekly conference reviewing 342 cases in 2012; a sur-
vey of participants demonstrated agreement that HIPAA rules were followed, the 
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conference was educational, recommendations were evidence-based or reasonable, 
and that 86% of participants felt that input from other sites change their manage-
ment of patients [18].

1.4	 �Surgical Care Teams

Historically, the mainstay of treatment for sarcomas has been surgical resection 
whenever possible. Due to the mesenchymal origin of sarcomas, these tumors typi-
cally will involve multiple anatomic regions and structures, particularly when they 
occur around the pelvis or shoulder girdles. These regions with complex regional 
anatomy offer significant challenges, and optimal surgical resection may require the 
expertise of a variety of different surgical subspecialties. The concept of a multidis-
ciplinary care team can be expanded to include surgical oncologists trained in a 
variety of differing fields such as orthopedics, thoracic surgery, general surgery, 
vascular surgery, neurosurgery, urology, and gynecology, as well as reconstructive 
plastic surgery. Again, from a historical perspective, the surgeon was originally 
trained and expected to act as the one and only person required to provide any pro-
cedure for their patient. Today, however, the explosion of knowledge in surgical 
techniques and disease processes has led to the formation of multiple surgical sub-
specialties. Of note is that the majority of the basic surgical training that physicians 
in each of these fields undergo is typically in isolation from other specialties and is 
depended upon their own skill sets and training to perform specific procedures. It is 
only after surgeons become involved in the care of complex diseases such as sar-
coma that they may begin to work in coordinated teams where the “captain of the 
ship” may change multiple times or maybe shared by two or more surgeons in order 
to achieve an optimal outcome for patient.

1.5	 �Barriers to Multidisciplinary Care

There are many barriers to providing multidisciplinary care, in part arising from 
the rarity of sarcoma, as well as inherent limitations in the current United States 
healthcare system. The rarity of this disease and the limited number of dedicated 
centers specializing in sarcoma may mean that patients often have to travel sub-
stantial distances to recieve optimal care. Many times patients will have limited 
understanding of their disease and may not appreciate the value in seeking out such 
centers. As with all types of cancer, patient fears and anxieties may lead to neglect 
and denial of their disease, particularly in the early stages. This may be a significant 
factor in poor urban areas, where a general distrust of the medical system can lead to 
delays in presentation, leading to poor outcomes [19] that only serve to reinforce the 
community distrust of medicine in general. Certain urban myths, such as a biopsy 
or surgery will expose a tumor to air and cause it to spread [20], can lead to further 
delays and patient choices that negatively impact their health. A reluctance to seek 
medical attention may be compounded with further delays when patients and/or 
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families are asked to travel to distant academic centers where they may be asked 
to participate in a clinical trial, raising signficant fears including that of receiving 
experimental treatment and being treated like a guinea pig by the healthcare system. 
Similar barriers and concerns can also be seen in the rural population, where lack of 
resources and access to specialized care can lead to delays and suboptimal care [21].

Financial barriers can further hinder patient care, particularly when insurance 
plans limit access to specialty consultations outside of their network and when 
access to specialists is artificially restricted by the need for preapproved referrals. 
Seeing multiple specialists on the same day, either in a multidisciplinary clinic or 
through multiple appointments in a cancer center, raises problems with coding and 
billing, particularly for patients in managed care programs. There are no easy solu-
tions that address all of the barriers to optimal care; we as clinicians must continue 
to strive to educate not only patients and families but the healthcare system around 
us in order to improve and grow our efforts in patient care.

The chapters that follow will attempt to highlight many of the problems patients 
and their families encounter in dealing with a sarcoma dignosis, with specific exam-
ples given by authors how they (and their institution) strive to overcome barriers to 
providing optimal multidisciplinary care for these patients.
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2The Role of Tumor Boards and Referral 
Centers

Neil Mulchandani, Eish Maheshwari, Sanjeev Agarwal, 
and Aditya V. Maheshwari

Tumor Boards, often referred to as Multidisciplinary Team Meetings in recent lit-
erature, are an integral element of cancer care around the world today [1]. Most 
generally, they involve regularly conducted meetings of healthcare providers who 
specialize in all aspects of cancer-related care, from diagnosis to treatment and sub-
sequent follow-up. The attendees include, but are not limited to, oncologic surgeons, 
medical oncologists, radiologists, pathologists, radiation oncologists, pertinent 
medical specialists, research coordinators, fellows, resident staff, medical students, 
social workers, and case managers [1]. They all participate in a collaborative effort 
not only to learn from prior patient cases and outcomes but also to provide insight 
on many cases prospectively. This can manifest in confirmation of a diagnosis and 
establishment of an encompassing treatment plan [2]. The significance of such 
teamwork among medical professionals must not be understated and plays a crucial 
role in the present and future of cancer care.

2.1	 �Objectives of the Tumor Board

The goals of the tumor board are multifocal; however, they are all based on the 
underlying objective to improve the care of cancer patients. First and foremost, this 
is accomplished by establishing a forum for exchange of information and ideas 
among healthcare professionals of varying disciplines [3]. Collectively reviewing a 
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patient’s signs and symptoms, imaging and pathology shortly after their initial pre-
sentation can help the patient’s oncologist and surgeon arrive at a more accurate 
diagnosis. This should then allow for a discussion on the ideal treatment plan for 
that patient. With attendance of many of the healthcare providers involved in the 
potential treatment plan, this will not only improve continuity of care but also 
encourage more efficient, multidisciplinary, disease-specific implementation [2]. 
Second, with expanded participation, especially from research coordinators, knowl-
edge of ongoing clinical trials that may be suitable for specific patients should 
improve, resulting in increased enrollment and potential establishment of new treat-
ment options [1]. Third, the case conferences may also include a review of past 
cases and patient outcomes to provide a critical educational experience for physi-
cians in practice as well as physicians in training [1].

Beyond educating current and future healthcare professionals, tumor boards 
serve as an avenue for quality improvement [3]. Although anecdotes of the effec-
tiveness of certain treatment modalities will be commonly discussed in any 
physician-run forum, the conference allows a venue for a more structured database 
when evaluating care of cancer patients. Retrospectively analyzing the outcomes of 
patients presented at conferences of patients with similar conditions may allow us 
to determine areas of improvement, both within the institution and within the com-
munity [2]. Ongoing studies are continuously being performed to evaluate the dif-
ference in healthcare outcomes in those patients whose cases are presented or whose 
physicians are involved in regular tumor board meetings [4]. Keating et al. assessed 
the effects that tumor boards had within the United States Veterans Affairs Health 
System on patient’s provided treatment plan [4]. They found minimal agreement 
among the treatment recommendations given by each tumor board in patients with 
the same diagnosis. This suggests that although a tumor board may have the poten-
tial to positively change the management of cancer, implementing a new standard of 
care or novel treatment algorithm may be difficult. Others have found the contrary 
and have shown that having a formal tumor board allowed reassessment of treat-
ment plans in 17% of patients and guided 89% of patients to receive the treatment 
recommended by the board [5]. The resounding thought process is that this disparity 
is mostly due to organizational and implementation pitfalls and that tumor boards 
are fundamentally sound and logical; however, there will undoubtedly always be 
room for improvement [6].

The current shift in healthcare toward quality improvement is one that not only 
has pushed the requirement of tumor boards in certain institutions but also forces 
the boards into a dynamic role. The American College of Surgeon’s Commission 
on Cancer Program accreditation requires an institution to hold multidisciplinary 
cancer conferences to prospectively discuss patient cases and treatment options 
[4, 7]. For physicians who practice in non-cancer centers, the tumor board at a 
cancer center can serve as a second opinion for physicians on the management of 
their patients [3]. In addition, tumor boards allow for better implementation of 
clinical practice guidelines and adjustment of those guidelines based on available 
resources [1].
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2.2	 �The Role of Tumor Boards in Sarcoma

As alluded to earlier, most of the current literature surrounding the efficacy of tumor 
boards surrounds breast, colorectal, lung, prostate, and hematologic cancers. While 
the outcome data is currently mixed on the efficacy of tumor boards, as a majority 
relates to those more heavily researched and institutionally supported cancers, the 
tumor board has the potential to play an extremely critical and very unique role in 
sarcoma, especially with regard to musculoskeletal pathology.

Compared to the aforementioned cancers, bone sarcomas are rare with a national 
annual incidence of approximately 3000, and soft tissue sarcomas are only slightly 
more common with an annual incidence of approximately 12,000 [8]. They comprise 
approximately only 0.2 and 0.8% of all cancer cases, respectively [8]. This not only 
makes it more difficult for physicians to recognize these tumor in their offices and 
hospitals but also makes it a challenge to direct appropriate treatment. Sarcomas, as 
with other malignancies, also benefit from a true multidisciplinary approach to for-
mulate an effective treatment plan [9]. Unlike many other cancers with long-standing 
and increasingly clear treatment algorithms, widely accepted clinical practice guide-
lines are only just beginning to surface for sarcomas [10]. This has become more 
important in recent years with advances in imaging, adjuvant chemotherapy, radiation 
oncology, surgical care, and implant/prosthetic design driving modern limb-salvage 
treatment approaches for more of these formerly amputation-destined candidates.

The ideal treatment of sarcomas can vary significantly depending upon the cor-
rect diagnosis and classification of the tumor. Although it has often been the case 
that the orthopedic oncology surgeon has to significantly advocate for their patient 
to find specialists to assist him or her to successfully treat the patient, a sarcoma 
tumor board or sarcoma conference can assist in this inefficient and wearisome 
endeavor. Rather than seeking out a musculoskeletal radiologist who could assist 
with reviewing images and performing a CT-guided biopsy or a musculoskeletal 
pathologist who could more accurately distinguish between the malignant and 
benign nature of the tumor, the tumor board serves as an easier and indispensable 
alternative [2, 3]. Expertise levels of physicians in the field vary tremendously, as is 
to be expected, but by uniting multiple specialists with different perspectives, we 
can guide patients toward their best chance at cure or at least find a way to improve 
their lifespan and/or quality of life. In addition, having imaging and diagnostic 
reports all in one place with a case presented in an organized manner can streamline 
care by minimizing delay of diagnosis and treatment [1]. This should ultimately 
ease the stressors on the physician and improve healthcare delivery.

Sarcomas are uncommon and therefore the amount of exposure that most physi-
cians have to them is minimal; this underlying truth is what arguably makes tumor 
boards more useful in sarcoma than any other cancer. For the community physician, 
tumor boards serve as an excellent resource to turn to when faced with these diag-
nostic dilemmas [3]. Some argue that all community hospitals should have active 
tumor boards as many have had significant success in guiding the primary physician 
through the decision-making process and, more importantly, helping them decide 
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which patients to refer to specialists [1]. Others suggest that tumor boards should 
only be held at major academic centers that are more up-to-date on the literature and 
have the specialized staff and resources to carry out the necessary testing and therapy 
[2]. Modernists advocate for tumor boards to be held regionally among smaller com-
munity hospitals and health centers through video conferencing with larger academic 
centers [7]. They support this notion with the fact that technology has progressed to 
the point where diagnostic data and visuals can be shared with minimal effort, allow-
ing much to gain. Virtual Tumor Boards (VTBs) have been tested between referral 
and referring centers within the VA Health Care System and have been received with 
a high overall acceptance rate and effectiveness reported by the participating physi-
cians [11]. In such situations, community physicians can engage in discussion, learn, 
and gain feedback and confidence in their overall assessment and treatment plan.

2.3	 �Referral Centers

As increasing specialization and improving efficiency in healthcare delivery con-
tinue to be the driving forces of change as we enter the next era of medicine, it is 
possible that referral centers may become the future of cancer care. This may ulti-
mately cause community tumor boards to serve more of a triage role in making that 
critical decision of when to refer a patient to a dedicated cancer center, where the 
case can be discussed on a more intricate level. Although the MD Anderson Cancer 
Center has been around for quite some time, the initiation of its Sarcoma Center is 
a prime example of how effective cancer-specific healthcare delivery systems can 
work [9]. From the moment a patient is referred to the center, they are assigned a 
primary physician and nurse practitioner who will perform an intake evaluation and 
present their case in front of a team of pathologists, radiologists, oncologists, and 
surgeons. Following the initial discussion, further diagnostic testing as needed will 
be conducted. Once a consensus diagnosis is achieved, the clinicians collectively 
meet with the patient to formulate an appropriate management plan. If this requires 
surgery, a second conference is held with an in-depth look at the imaging studies 
and a discussion had among surgeons, radiologists, and the primary physician to 
establish a detailed preoperative plan [9].

The Tumor Board continues to demonstrate various implementation models and 
will continue to adapt to the ever-changing healthcare landscape; whether that be 
community hospitals engaging in virtual tumor boards or specialized referral cen-
ters becoming more widespread, one thing is for certain; a multidisciplinary team 
approach is essential to enhance the care of the sarcoma patient.

2.4	 �Summary

The effectiveness of Tumor Boards and Referral Centers in the multidisciplinary 
treatment of sarcoma demonstrates the importance of these entities as we embark on 
the next chapter in cancer care. While they undoubtedly help enhance the treatment 
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of sarcoma, the management of sarcoma is a dynamic process that should be 
assessed and reviewed on an ongoing basis as medical technology continues to 
improve and advances in sarcoma research are accomplished.
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3Academic and Community Collaboration

Andrew Yang and Aditya V. Maheshwari

The treatment of patients with cancer and more specifically sarcomas is often frag-
mented and isolated, leading to inconsistent results. Even in thoroughly studied 
acute and chronic conditions with availability of proven clinical therapy, healthcare 
outcomes in the community have been lower than anticipated [1]. Due to the rarity 
and complexity of sarcoma treatment, management of these patients also relies 
heavily on a multidisciplinary approach with support from a large number of stake-
holders. Among the team involved in the management of such patients, both the 
academic and community hospitals play a pivotal role. Community-based institu-
tions are primarily accessible to the general population and focus on cost-effective 
treatment and preventive medicine. Community in this sense includes primary care 
physicians, community hospitals, and community programs. Academic-based insti-
tutions are often closely affiliated with a university and have a heavy emphasis on 
research and improving current standards of practice [2]. Due to these two distinct 
branches of healthcare with the same goals, there is a continuous need for academic 
and community collaboration for improved outcomes.

3.1	 �Need for Academic-Based Collaboration in Cancer 
Treatment

Most cancer diagnosis and management happens in community hospitals [3]. It is 
therefore imperative that communication and collaboration between community 
and academic institutions exist. Outreach of cancer centers to community physi-
cians regarding advances in treatment and interventions has been shown to substan-
tially reduce cancer morbidity and mortality [4]. For example, it has been 
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demonstrated that community physicians that were involved in virtual tumor boards 
with academic partners reported increased familiarity with available clinical trials 
and were more likely to enroll patients in clinical trials [4].

3.2	 �Need for Academic-Community Collaboration 
in Sarcoma Treatment

The complex algorithm involved in treatment of bone and soft tissue sarcomas, and 
the relatively low incidence of sarcomas, makes the need for academic-community 
communication and collaboration critical. Alterations and inconsistencies in treat-
ment guidelines can have a large impact on outcomes [5, 6]. Two landmark studies 
by Mankin et al. [5, 6] demonstrated significant risks of sarcoma management in 
inexperienced institutions. Problems related to poor biopsy technique occurred 
three to five times more frequently when performed at a referring institution com-
pared with a specialized treatment center [5]. Poor biopsy technique led to 18.2% of 
patients requiring alteration from optimum treatment plan, 4.5% required unneces-
sary amputation, and 8.5% had prognosis and outcome adversely affected. In a fol-
low-up study 14 years later, he again demonstrated that complications and changes 
in outcome were still 2–12 times greater (p < 0.001) when biopsies were performed 
at institutions inexperienced with sarcoma treatment, pointing out the persisting gap 
between the two setups [6]. Due to the obvious complexity of sarcoma treatment 
and documented evidence of complications associated with inappropriate manage-
ment, collaboration between academic and community institutions is vital to treat-
ment success.

3.3	 �Community-Based Research of Sarcomas

Data collection and research in the community have several distinct advantages as 
demonstrated by the success of academic-community collaboration of the National 
Cancer Institute (NCI) Community Oncology Research Program. Community-
based research allows access to a larger more diverse population allowing for gen-
eralizability of study findings, feasible testing of new interventions, and accelerated 
accrual to clinical trials [7].

The relatively low incidence of sarcomas in the general population necessitates 
the importance of thorough and complete data collection. Through collaboration 
with community hospitals and physicians, the academic institutions experienced in 
sarcoma treatment and management have access to a larger data pool to guide clini-
cal practice. Voluntary participation of data collection by community-based hospi-
tals and physicians ensures appropriate data collection and close follow-up.

Community-based research decreases healthcare disparities and gaps between 
evidence-based medicine and community practice. Issues of external validity, 
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practicality, stakeholder view of relevance, and sustainability can be taken into con-
sideration when creating guidelines for standards of care [8].

3.4	 �Community-Academic Collaboration to Reduce Health 
Disparities

Wells et al. [8] described an example of multi-organizational academic-community 
collaboration, the Community Health Improvement Collaboration (CHIC) (Fig. 3.1). 
CHIC was an initiative created to address health disparities in local populations of 
Los Angeles, CA. The main purpose of the CHIC initiative was to create a sustain-
able academic-community partnership that supported healthcare research in both 
the local community and academic setting. Utilizing four tracer conditions (depres-
sion, violence, diabetes, obesity), authors identified four important priorities and six 
challenges for sustainable academic-community partnership. The partnership pri-
orities included:

	1.	 Equal partnership
	2.	 Sharing of expertise and resources
	3.	 Focus on capacity development
	4.	 Community involvement in evaluation and research
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Academic Leadership
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Academic Science

Partnership

Community Health
Improvement

Goals

Partnered
Evaluation

Evidence &
Dissemination

Individual and
Community outcomes

New Community
Programs
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Community
Health

Improvement
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Fig. 3.1  Model: Community health improvement collaborative [8]
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The six challenges identified were:

	1.	 Obtaining adequate funding
	2.	 Required modifications of evidence-based programs in underserved 

communities
	3.	 Incorporation of diverse community priorities to be relevant in communities
	4.	 Achieving the scale and data sets for evaluation of impact
	5.	 Competing needs of partners
	6.	 Learning effective communication and understanding differences between aca-

demia and community practice

The authors concluded that the challenges go beyond the significant methodo-
logic and operational issues and include building a sustainable capacity for research, 
community programs, and partnership across diverse communities and stakeholder 
organizations even when funding sources are not fully aligned with these goals. 
Their model work with the CHIC initiative gives insight to important considerations 
and challenges that may be extrapolated to community-academic collaboration to 
sarcoma treatment.

3.5	 �A Practical Method of Academic-Community 
Collaboration in Sarcoma Treatment

Fung-Kee-Fung et al. described a “community of practice” infrastructure developed 
to address difficulties of providing cancer treatment [9]. The authors identified the 
key elements in implementing regional collaboration as:

	1.	 A deliberate community of practice platform supported by the involved 	
institutions

	2.	 Coordinating oversight committee
	3.	 Hub-and-spoke supporting infrastructure

A deliberate community of practice platform requires the cooperation and sup-
port from the multidisciplinary team and multi-organizations involved in sarcoma 
treatment. All members involved in the treatment of sarcomas, including orthopedic 
surgeons, radiologists, oncologists, and primary care physicians, need to establish a 
trusting relationship to facilitate diagnosis and treatment, with access to specialist 
consultation via single point of contact ensuring timely access.

Administrative coordination is facilitated via an oversight committee comprised 
of leaders from each respective institution for organization of care, data collection 
and distribution, and resource allocation.

A tertiary center experienced in the management and treatment of sarcomas acts 
as the regional hub, providing access to specialist consultation, diagnostic and treat-
ment measures, and guidelines. Community-based organizations and primary care 

A. Yang and A.V. Maheshwari



21

physicians act as the spokes of the infrastructure, providing standardized care in the 
scope of their capacity, each contributing to the multi-organizational research data-
base. Implementing quality standards of care developed by experienced academic 
institution into community-based organizations ensures appropriate and timely 
management of bone and soft tissue sarcomas.

3.6	 �Evaluation of Academic-Community Collaboration

Over the years, studies have identified important components and conflicts of success-
ful academic-community collaboration. Teal et al. [10] found that a history of positive 
interaction between academic and community partners and authentic commitment to 
academic-community collaboration by leadership facilitated successful relationships. 
In 2002, a study was initiated called the Latinos in a Network for Cancer Control 
(LINCC) [11]. The purpose of this study was to evaluate the synergistic and antago-
nistic factors in a long-standing community-academic collaboration. By utilizing a 
standardized systems model, Corbin et al. [11] were able to analyze multiple aspects 
of partnership functioning as well as enabled comparison with other community-aca-
demic partnerships. In addition to various new insights, authors confirmed that sus-
tained partner interactions and positive view of leadership were essential for successful 
academic-community collaboration, whereas overreliance on a single leader leads to 
limitations. Following the study, authors concluded that:

	1.	 Long-lasting, informal, inclusive networks provided an optimal environment for 
academic-community collaboration.

	2.	 These types of interactions provide meaningful connections that lead to opportu-
nities for future projects and funding.

	3.	 These types of networks are valuable and should have available funding 
accordingly.

	4.	 It is important to recognize that there are trade-offs in partnerships and these 
must be taken into account before decisions are made.

3.7	 �Outcomes of Community-Academic Collaboration

The utilization of community-academic collaboration has shown very promising 
results. Fung-Kee-Fung et al. [9] report a significant increase in regional collabora-
tion of community and academic institutions not only in delivery of care but also in 
data collection and patient education. Compliance with evidence-based guidelines 
also saw significant improvement. The authors reported that regional clinical path-
way utilization improved remarkably by 76%, with 20% improvement in colon can-
cer retrieval of ≥12 lymph nodes and 10% reduction in positive surgical margins in 
prostate cancer.

3  Academic and Community Collaboration



22

Partridge et al. [12] also described significant improvements in their study that 
utilized community-academic collaboration to eliminate cancer healthcare dispari-
ties in the African-American population in the Deep South. The authors described a 
mean increase in mammography utilization by 6.8% in the interventional counties 
versus 3% in the control population.

�Conclusion

The successful treatment of sarcoma patients relies heavily on a multidisci-
plinary approach with support from a large number of stakeholders. The aca-
demic and community hospitals and overall healthcare systems should coordinate 
to provide the best possible care for these patients. This multidisciplinary model 
may not only aid in diagnosing and treating sarcomas, but it may also increase 
the quality and volume of the current research performed, which will later 
improve outcomes and decrease morbidity and mortality in these patients.
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4Pathology of Bone and Soft Tissue 
Sarcomas

Dhruv Kumar

Sarcomas are malignant tumors of connective or other non-epithelial tissue. The 
term sarcoma comes from a Greek word meaning fleshy growth. Normal connective 
tissues include fat, blood vessels, nerves, muscles, fibrous tissue, bones, and carti-
lage. Sarcomas are divided into two main groups, bone sarcomas and soft tissue 
sarcomas. They are further subclassified based on the type of presumed cell of ori-
gin found in the tumor. The majority of the sarcomas arise in the extremities, and 
they all share certain microscopic characteristics and have similar symptoms. This 
is in contrast to malignant tumors originating from epithelial cells, which are termed 
carcinoma. Human sarcomas are quite rare. Common malignancies, such as breast, 
colon, and lung cancer, are almost always carcinoma.

4.1	 �Soft Tissue Tumors

4.1.1	 �Epidemiology and Etiology of Soft Tissue Tumors

The majority of soft tissue tumors are benign, superficial, and less than 5 cm in 
diameter. At least 30% of the benign soft tissue tumors are lipomas, 30% are fibro-
histiocytic and fibrous tumors, 10% are vascular tumors, and 5% are nerve sheath 
tumors. The annual incidence of soft tissue sarcomas (STS) is less than 1% of all 
malignant tumors. The majority of soft tissue sarcomas are located in the extremi-
ties (most common in the thigh) and are deep. About 10% of patients have detect-
able metastases (most commonly in the lungs) at time of diagnosis of the primary 
tumor. Soft tissue sarcomas become more common with increasing age, but can 
occur at any age [1].
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The etiology of most benign and malignant soft tissue tumors is unknown. In 
rare cases, the following factors may cause sarcomas: (1) Chemical carcinogens 
(phenoxyacetic herbicides, chlorophenols, and their contaminants (dioxin) in 
agricultural or forestry work). (2) Radiation (the risk increases with dose, and the 
median time between exposure and tumor diagnosis is about 10 years). (3) Viral 
infection and immunodeficiency (HHV8 plays a role in the development of Kaposi 
sarcoma, and EBV is associated with smooth muscle tumors in patients with immu-
nodeficiency). (4) Genetic susceptibility (neurofibromatosis is associated with mul-
tiple benign nerve sheath tumors and malignant peripheral nerve sheath tumor). (5) 
Li–Fraumeni syndrome predisposes to development of sarcomas, as does germline 
mutation of the retinoblastoma gene. There are isolated reports of sarcomas arising 
in scar tissue, at fracture sites, and close to surgical implants. Some angiosarco-
mas arise in regions of chronic lymphedema, particularly after radiation (Stewart–
Treves syndrome).

4.1.2	 Techniques for diagnosis of Soft Tissue Tumors

4.1.2.1	 �Biopsy
Biopsy is performed in bone and soft tissue tumors to (a) identify malignancy, (b) 
establish the exact diagnosis (grade and subtype), and (c) guide the appropriate 
treatment [2]. Biopsy tissue can be obtained through a fine needle aspiration (FNA), 
through a wider coring needle (CNB), or through an open surgical incision (inci-
sional biopsy). Studies show that in sarcoma diagnosis, CNB is more accurate than 
FNA on all accounts, and open biopsy is more accurate than both. Incisional biopsy 
is rarely performed because of the high accuracy rate of CNB, expense involved, 
and high complication rate, including hematoma, tumor spread, and wound prob-
lems that may interfere with adjuvant treatments. CNB is the preferred method for 
diagnosis because a block of tissue allows the pathologist to examine tumor archi-
tecture and cellular interrelation, improving the diagnosis of histologic subtype and 
grade compared to FNA. In one study FNA was found to be 64% accurate and core 
83% accurate in establishing a specific diagnosis in soft tissue masses [3].

4.1.2.2	 �Intraoperative Consultation
Intraoperative consultations for soft tissue tumors are obtained mainly for determi-
nation of margins of resection [4]. Large deep soft tissue tumors undergo core nee-
dle biopsy routinely, and a diagnosis of sarcoma has usually been made prior to 
surgery. In smaller tumors (less than 5 cm) or superficial tumors, where a biopsy has 
not been performed, intraoperative consultation is sometimes obtained for diagno-
sis. In such cases, a designation of benign versus malignant is sufficient. This helps 
the surgeon to excise the tumor adequately. In some cases, distinction between a 
cellular benign lesion and a low-grade sarcoma can be difficult.

Evaluation of margins is of paramount importance intraoperatively. Resected 
soft tissue tumors are oriented with sutures by the surgeon. In our institution, the 
entire external surface of the specimen is colored with six different colored inks 
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indicating the various margins, e.g., red ink for anterior/superficial margin, blue for 
lateral margin, orange for superior margin, green for inferior margin, yellow for 
medial margin, and black for posterior/deep margin. The specimen is then serially 
sectioned along the short axis. The relationship of the tumor to the ink is evaluated 
grossly and one or more sections obtained for frozen section. The section(s) are 
taken as perpendicular margins and not en face margins. In case of positive or close 
margin(s), additional tissue may be taken by the surgeon if possible.

Other tasks that can be performed during operating room consultation are: (a) 
Fresh tissue for cytogenetic studies. The tumor submitted must be viable and sterile. 
Approximately 1.0 cm3 (if possible) should be placed in a transport medium. Tissue 
may be obtained for research studies in a similar manner. (b) Small sections of the 
tumor can be saved frozen in small vials for molecular diagnostic studies, if required. 
Many such studies can now be performed on formalin-fixed paraffin-embedded tis-
sue. (c) If lymphoma is suspected, fresh tissue should be saved in normal saline and 
submitted for flow cytometry as soon as possible. (d) In rare cases a small portion 
of tumor can be cut into small cubes (less than 0.1 cm) and fixed in glutraldehyde 
for possible electron microscopy.

4.1.3	 �Grossing of Soft Tissue Tumors

Soft tissue tumors are often difficult to diagnose, and special studies (immunohisto-
chemistry, cytogenetics, and in rare cases electron microscopy) are often requested 
for appropriate classification and their separation for carcinomas, melanomas, and 
lymphomas.

4.1.3.1	 �Soft Tissue Tumor Biopsy
In case of needle biopsy, obtaining multiple cores is important to sample different 
areas of a heterogeneous tumor. Biopsies performed under CT guidance undergo 
on-site cytologic preparation and evaluation to check for adequacy and narrow the 
differential diagnosis. Many different cores can be obtained, while specific quad-
rants of the tumor can be selectively biopsied. The areas which are necrotic can be 
avoided, and the areas with higher grade components can be resampled, signifi-
cantly enhancing the ability to accurately diagnose and grade tumors more accu-
rately. Sufficient representative samples are fixed in formalin for histopathology. 
Additional tissue may be saved for cytogenetics, freezing at −70 °C for molecular 
analysis, and electron microscopy. A separate container with fresh tissue for flow 
cytometry is submitted if lymphoma is suspected. Gross description of a soft tissue 
mass biopsy should include specimen type (needle, incisional), number of frag-
ments, size, color, consistency, and presence of necrosis or hemorrhage.

4.1.3.2	 �Soft Tissue Tumor Resections
Grossing of tumor resections begins with orienting the specimen according to the 
labeling sutures and identifying the anatomic landmarks [5]. The outer surface of the 
specimen should be evaluated for structures present (muscle, bone, nerve, vessels, 
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organs). The specimen is then measured in three dimensions and inked as previ-
ously described. The specimen is serially sectioned leaving the sections attached at 
one side. The exposed tumor is then described under the following headings: size in 
three dimensions, color, borders (infiltrating, pushing), consistency (soft, myxoid, 
firm, hard, rock hard) or hemorrhage or cyst formation, variation in appearance in 
different areas of the tumor, and involvement of, or origin from, adjacent structures, 
e.g., nerves, vessels, skin, subcutaneous tissue, fascia, or muscle. Any satellite nod-
ules should be identified and described. The closest gross distance from all margins 
should be documented.

After proper fixation in formalin (at least 10–12 h), perpendicular sections are 
taken from the margins, the interface between normal and tumor tissue, and differ-
ent areas of the tumor. One to two sections are taken from the margin depending on 
the distance between the tumor edge and the margin. At least one section per cm of 
the tumor’s largest dimension is submitted for histologic examination.

4.1.4	 �Histopathologic Diagnosis of Soft Tissue Tumors

Minimum requirements for diagnosis of a soft tissue tumor are some clinical infor-
mation (age, location of tumor, and growth characteristics) and adequate, well-
processed tissue. Age is important because in general there is little overlap between 
soft tissue tumors occurring in children and those seen in adults. Location helps in 
developing a differential diagnosis because sarcomas, in general, develop as deeply 
located masses. Some superficially occurring sarcomas include dermatofibrosar-
coma protuberans, epithelioid sarcoma, angiomatoid fibrous histiocytoma, plexi-
form fibrohistiocytic tumor, myxofibrosarcoma, angiosarcoma, Kaposi sarcoma, 
and atypical fibroxanthoma.

Growth characteristics are less helpful because there is a great deal of overlap 
between manner of presentation of benign and malignant soft tissue tumors. A neo-
plastic soft tissue mass could be (a) a mesenchymal neoplasm, (b) metastatic car-
cinoma (lung and renal carcinomas are the most common tumors to metastasize to 
soft tissues), (c) melanoma, or (d) a hematopoietic tumor. In majority of cases, this 
distinction can be made using morphology and immunohistochemistry. In case of a 
mesenchymal tumor, the most important priority is to determine if the lesion is a sar-
coma or not. If a diagnosis of sarcoma can be made confidently, an attempt should 
be made to classify and grade the lesion. It is difficult to distinguish grade 2 from 
grade 3 sarcomas, and it is usually sufficient to grade them “low grade” or “high 
grade,” with high-grade tumors encompassing both grade 2 and grade 3 tumors.

4.1.4.1	 �Grading of Soft Tissue Sarcomas
The most widely used system for grading soft tissue sarcomas is the FNCLCC sys-
tem. Three factors are used for defining the grade: degree of differentiation of the 
tumor, mitotic activity, and necrosis. A score is assigned to each parameter, and the 
grade is obtained by adding these attributed scores (Tables 4.1 and 4.2).
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Table 4.1  FNCLCC Grading system for Soft Tissue Sarcomas

Histological parameter Definition

Tumor differentiation  
(see Table 4.2)

Score 1: sarcomas closely resembling normal adult mesenchymal 
tissue and potentially difficult to distinguish from the counterpart 
benign tumor

Score 2: sarcomas for which histological typing is certain (e.g., 
myxoid liposarcoma, myxofibrosarcoma)

Score 3: embryonal and undifferentiated sarcomas, synovial 
sarcomas, sarcomas of doubtful type

Mitotic count (HPF, 
high-power field)

Score 1: 0–9 mitoses per 10HPF

Score 2: 10–19 mitoses per 10 HPF

Score 3: >19 mitoses per 10 HPF

Tumor necrosis Score 0: no necrosis

Score 1: <50% tumor necrosis

Score2: ≥50% tumor necrosis

Histological grade Grade 1: total score 2, 3

Grade 2: total score 4, 5

Grade 3: total score 6, 7, 8

Table 4.2  FNCLCC system for histological grading of Soft Tissue Sarcomas

Histological type Differentiation score

Well-differentiated liposarcoma 1

Well-differentiated leiomyosarcoma 1

Malignant neurofibroma 1

Well-differentiated fibrosarcoma 1

Myxoid liposarcoma 2

Conventional leiomyosarcoma 2

Conventional MPNST 2

Conventional fibrosarcoma 2

Myxofibrosarcoma 2

Myxoid chondrosarcoma 2

Conventional angiosarcoma 2

High-grade myxoid (round cell) liposarcoma 3

Pleomorphic liposarcoma 3

Dedifferentiated liposarcoma 3

Rhabdomyosarcoma 3

Poorly differentiated/pleomorphic leiomyosarcoma 3

Poorly differentiated/epithelioid angiosarcoma 3

Poorly differentiated MPNST 3

Malignant Triton tumor 3

Synovial sarcoma 3

Extraskeletal osteosarcoma 3

(continued)
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Grading remains one of the most powerful ways of assessing prognosis, and 
consequently a grade should be provided by the pathologist whenever possible. 
Grading is usually based on the least differentiated areas of the tumor unless it com-
prises a very minor component of the overall tumor.

4.1.4.2	 �Classification of Soft Tissue Tumors
Classification of soft tissue keeps evolving due to identification of new cytogenetic 
and molecular genetic information. The purpose of the following review is to clarify 
how the new terminology relates to the old and also to clarify some of the confusing 
closely related terms in soft tissue tumors, particularly in myxoid neoplasms. 
Detailed descriptions of classification are available in many textbooks. Below is a 
discussion of changes in some common sarcoma terminology. Soft tissue tumors are 
classified according to the tissue of origin, i.e., adipose tissue tumors, fibroblastic/
myofibroblastic tumors, smooth muscle tumors, cartilage, bone, etc. Among each of 
these categories, tumors are subclassified into benign, intermediate (locally aggres-
sive or rarely metastasizing), and malignant categories [6, 7].

	1.	 Adipocytic tumors: Atypical lipomatous tumor is synonymous with well-
differentiated liposarcoma. It is an intermediate (locally aggressive) malignant 
tumor with no potential for metastasis unless it undergoes dedifferentiation. The 
use of the term well-differentiated liposarcoma is justified in the retroperitoneum 
and mediastinum.

	2.	 Recent WHO classification [8] has deleted the term “round cell liposarcoma.” 
Round cell liposarcoma has been used to identify a subset of myxoid liposarco-
mas that show histologic progression to hypercellular or round cell morphology, 
which is associated with a poorer prognosis. Myxoid liposarcoma should be 
graded using a three-tier system as low, intermediate, or high grade based on the 
degree of cellularity.

	3.	 The term hemangiopericytoma has been deleted. It is used only to describe a 
histological pattern shared by many different entities. Hemangiopericytoma is 
now termed extrapleural solitary fibrous tumor.

	4.	 The category of malignant fibrous histiocytoma (MFH) has been deleted. MFH 
and some of its subtypes have been renamed “undifferentiated sarcoma” and 
reclassified under the undifferentiated/unclassified sarcomas. These account 

Histological type Differentiation score

Extraskeletal Ewing sarcoma 3

Mesenchymal chondrosarcoma 3

Clear cell sarcoma 3

Epithelioid sarcoma 3

Alveolar soft part sarcoma 3

Malignant rhabdoid tumor 3

Undifferentiated (spindle cell and pleomorphic) sarcoma 3

Table 4.2  (continued)
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for up to 20% of all sarcomas and are the most common radiation-associated 
soft tissue sarcomas.

	5.	 Rhabdomyosarcomas were previously classified into embryonal (spindle cell, 
botryoid, and anaplastic variants), alveolar, and pleomorphic types. The category 
of “spindle cell/sclerosing rhabdomyosarcoma” has been separated from 
embryonal type because these tumors are well recognized and lack genetic 
changes observed in embryonal rhabdomyosarcoma.

4.1.4.3	 �Microscopic Examination of Soft Tissue Tumors
Microscopically soft tissue neoplasm can be broadly classified into (a) spindle cell 
tumors, (b) myxoid tumors, (c) epithelioid tumors, (d) round cell tumors, and (e) 
pleomorphic tumors.

	1.	 Spindle cell tumors: These tumors comprised a large group of tumors, both 
benign and malignant. Common benign spindle cell tumors include schwan-
noma and fibromatosis. Common spindle cell sarcomas include undifferentiated 
spindle cell sarcoma, synovial sarcoma, MPNST, leiomyosarcoma, spindle cell 
rhabdomyosarcoma, and fibrosarcoma.

	2.	 Myxoid tumors: Many soft tissue tumors can have focal myxoid areas, but 
tumors that consistently display a predominately myxoid morphology are 
included in this category. Common benign myxoid tumors include intramuscular 
myxoma, myxoid lipoma, and myxoid neurofibroma. Common sarcomas in this 
category include myxoid liposarcoma, myxofibrosarcoma, and extraskeletal 
myxoid chondrosarcoma. The terminology of malignant myxoid tumors can be 
confusing. A brief description of these tumors follows:
	(a)	 Myxoid liposarcoma: Myxoid liposarcoma is a malignant tumor classified 

under adipocytic tumors. It is composed of round- to oval-shaped cells 
admixed with a variable number of univacuolar lipoblasts in a prominent 
myxoid stroma with a delicate arborizing vascular pattern. It has a predilec-
tion for deep soft tissues of the extremities in young adults.

	(b)	 Myxoinflammatory fibroblastic sarcoma/atypical myxoinflammatory fibro-
blastic tumor (old name, inflammatory myxohyaline tumor of the distal 
extremities with virocyte or Reed–Sternberg-like cell): This is a rare inter-
mediate (rarely metastasizing) tumor which has a predilection for the hands 
and feet and occurs in young adults. It has a myxoid stroma, inflammatory 
infiltrate, and virocyte-like cells.

	(c)	 Myxofibrosarcoma (old name, myxoid MFH): Myxofibrosarcoma is one of 
the most common sarcomas in elderly patients. About two thirds of these 
tumors develop in the dermal/subcutaneous tissues. Histologically, they are 
malignant fibroblastic lesions with a variable myxoid stroma, pleomor-
phism, and a distinctive curvilinear vascular pattern.

	(d)	 Low-grade fibromyxoid sarcoma (Evans tumor): Low-grade fibromyxoid 
sarcoma (Evans tumor) is a variant of fibrosarcoma characterized by an 
admixture of collagenized and myxoid zones, with bland spindle cells, a 
whorling pattern, and arcades of blood vessels. It is a rare sarcoma that 
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typically affects young adults. It typically involves proximal extremities or 
trunk, and majority occur in subfascial location.

	(e)	 Ossifying fibromyxoid tumor: Ossifying fibromyxoid tumor is a rare inter-
mediate (rarely metastasizing) tumor of uncertain differentiation, with cords 
and trabeculae of ovoid cells embedded in a fibromyxoid matrix, often sur-
rounded by a partial shell of the lamellar bone.

	(f)	 Extraskeletal myxoid chondrosarcoma: Extraskeletal myxoid chondrosar-
coma is a rare malignant soft tissue tumor characterized by a multinodular 
architecture, abundant myxoid matrix, and malignant chondroblast-like cells 
arranged in cords, clusters, or delicate networks.

	3.	 Epithelioid tumors: When a tumor with an epithelioid morphology is identified, 
it is important to exclude metastatic carcinoma, melanoma, and anaplastic large 
cell lymphoma. Common sarcomas with an epithelioid morphology include 
epithelioid sarcoma, alveolar soft part sarcoma, predominately epithelioid 
monophase synovial sarcoma, and vascular tumors with epithelioid histology 
(epithelioid hemangioendothelioma and epithelioid angiosarcoma).

	4.	 Round cell tumors: Similar to epithelioid tumors, when a round cell tumor is encoun-
tered, metastasis (lymphoma, carcinoma, melanoma) should be excluded. In round 
cell tumors, in general, age of the patient helps to narrow the differential diagno-
sis, e.g., in children these lesions include Ewing sarcoma, rhabdomyosarcoma, and 
neuroblastoma. In adults round cell liposarcoma, mesenchymal chondrosarcoma, 
and undifferentiated round cell sarcoma are in the differential diagnosis.

	5.	 Pleomorphic sarcomas: Undifferentiated pleomorphic sarcoma is the most 
common pleomorphic sarcoma. Other tumors that can sometimes have a pleo-
morphic morphology include pleomorphic liposarcoma, pleomorphic rhabdo-
myosarcoma, pleomorphic leiomyosarcoma, and dedifferentiated liposarcoma. 
Immunohistochemistry can greatly help in distinguishing these tumors.

EORTC-STBSG [9] has recently published criteria for standardization of the 
macroscopic and microscopic pathological examination and reporting of STS resec-
tion specimens after neoadjuvant radio- and/or chemotherapy. The surgeon should 
suture mark the specimen topographically to facilitate three-dimensional orienta-
tion. Total weight and size in three dimensions are mandatory. The surface must be 
marked with permanent ink according to the surgical markings (up to five colors can 
be used depending on the number of margins). The specimen should be processed 
into 1 cm thick slabs from proximal to distal in the transversal axis. The area of 
total macroscopic necrosis should be approximated for the entire tumor, in order 
to have an initial impression of treatment effect. A representative complete central 
slab of the specimen should be embedded entirely in a grid manner. The position 
of each respective sample of the embedded slab should be marked on a photograph 
or diagram. Therapy response is expressed as a percentage of total tumor area that 
is viable. All margins should be sampled perpendicular to the margin, with at least 
two sections being taken from the closest margin and one to two sections from all 
other margins.
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The data suggest that in STS, patients with clear margins have a better prognosis 
[10]. However, to preserve functionality, surgery may result in a close (considered 
to be <1 cm after formalin fixation) or even microscopically positive margin. In this 
circumstance, the use of preoperative or postoperative radiation should be consid-
ered. The combination of RT with surgery allows for limb salvage by using radiation 
to biologically “sterilize” microscopic extensions of disease and to spare neurovas-
cular and osseous structure. Local recurrences have been observed even when nega-
tive margins are achieved with surgery and with the combination of surgery and RT, 
suggesting that tumor characteristics other than margin status are important. At this 
time, there is no evidence to support the use of postoperative chemotherapy in STS 
that have been treated with intralesional or marginal excisions. Clearly, other fac-
tors—tumor type, grade, and biology or even the type of tissue at the margin (e.g., 
fascia)—affect the rate of both local and systemic recurrence.

The management of soft tissue sarcoma requires integrated care. Unfortunately, 
a large proportion of patients with soft tissue sarcoma may be subject to an initial 
suboptimal surgery, more often when the multidisciplinary team is not utilized, 
which may result in the need for more extensive surgery and radiation than the origi-
nal tumor may dictate.

4.2	 �Bone Tumors

4.2.1	 �Epidemiology and Etiology of Bone Tumors

Bone sarcomas are rare and account for 0.2% of all neoplasms. The incidence rates 
of specific bone sarcomas are age-related and, as a group, have a bimodal distribu-
tion. The first well-defined peak occurs during the second decade of life, while the 
second occurs in people aged >60 years.

Majority of primary bone tumors arise de novo. Predisposing lesions that lead 
to the development of bone sarcomas are Paget disease, radiation injury, bone 
infarction, chronic osteomyelitis, certain preexisting benign tumors, implanted 
metallic hardware, joint prostheses, and bone grafts. Genetic predisposition has 
been seen in osteosarcoma, the most frequent primary malignancy of the bone. It 
can develop in patients with retinoblastoma, Li–Fraumeni syndrome, and 
Rothmund–Thomson syndrome. Patients with Ollier disease, Maffucci syndrome, 
and multiple osteochondromatosis have an increased incidence of developing 
chondrosarcoma.

4.2.2	 Techniques for diagnosis of Bone Tumors

4.2.2.1	 �Biopsy
Principles and techniques for needle biopsies in bone tumors are similar to those in 
soft tissue tumors.
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4.2.2.2	 �Intraoperative Consultation
In bone tumors, intraoperative consultation is needed for various reasons. It may 
be needed to determine if sufficient lesional tissue is present for eventual diagnosis 
on permanent sections and special studies. It is sometimes obtained to confirm 
lesional tissue, e.g., nidus of an osteoid osteoma. In rare cases, a diagnosis of 
benign versus malignant is requested, and this distinction may not always be pos-
sible. Most frequently, the reason for frozen section in bone tumors is to evaluate 
the bone resection margin in resections for osteosarcoma and other malignant bone 
tumors. The specimen is obtained as bone marrow curettings. The specimen usu-
ally contains bone debris which should not be mistaken for osteoid. Another rea-
son for an open biopsy and intraoperative consultation is apportionment of tissue 
for special studies, e.g., flow cytometry for lymphomas and cytogenetic studies for 
Ewing sarcoma.

4.2.3	 �Grossing of Bone Tumors

4.2.3.1	 �Bone Biopsy and Bone Curettings
Grossly examine for presence of bone and soft tissue. Pure soft tissue fragments 
should not be decalcified. Small non-necrotic soft tissue can be taken for special 
studies, if required, as described under soft tissue above. However, in the majority 
of cases, the entire specimen should be fixed in formalin for routine sections. The 
specimen should be fixed overnight and then gently decalcified. Overnight decalci-
fication is usually sufficient for core biopsies and small curettings. Larger bone 
fragments can be checked periodically to see if the bone is soft. Decalcification 
solution should be changed frequently for adequate and faster decalcification.

4.2.3.2	 �Bone Tumor Resections
Resection for bone tumors can be in the form of resection of a portion of the bone 
or a major limb amputation or disarticulation. The specimens should be measured 
in three dimensions, and each separate structure present within the specimen should 
be measured. In disarticulations and amputation specimens, the bone involved with 
the tumor should be identified and dissected out carefully making sure that the 
tumor remains intact. Relationship to the vessels should be noted. The resection 
margins, as applicable, should be inked and sections taken.

Soft tissue over the tumor should be incised in a plane that will demonstrate the 
greatest extent of the tumor. A band saw is used to bisect the specimen along the 
long axis. Gently brush away the bone dust under running water. For large bones 
(femur, tibia, humerus, etc.), additional 0.5 cm parallel cuts are made to produce 
multiple-cut sections of the tumor. Description of the tumor should include size in 
three dimensions, color, evidence of bone or cartilage formation, necrosis, areas 
of bone involved (epiphysis, metaphysis, diaphysis, intramedullary, periosteal), 
whether the tumor destroys the cortex or not, extent of soft tissue involvement, 
relationship to surrounding structures (vessels, muscle), extension into joint space, 
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vascular involvement, skip metastasis, and distance from each margin. Partial 
resection of long bones (the most common type of bone resection) should be inked 
similar to what is described under soft tissue resections in six colors. Soft tissue 
and bone margins should be taken perpendicular to the tumor and distance from the 
tumor noted.

The entire specimen is fixed in formalin overnight. The sections (“slabs”) of 
bone are then decalcified. The specimen is checked every few hours to prevent over-
decalcification. Over-decalcification can damage cellular morphology and cause 
problems with staining, particularly nuclear staining. This can cause difficulties in 
distinguishing necrotic and viable areas of the tumor and falsely negative immuno-
histochemical staining. Sections are taken from various areas of the tumor demon-
strating the relationship of the tumor to the adjacent structures (cortex, joint space, 
soft tissues). In cases of treated osteosarcomas and Ewing sarcoma, it is important 
to determine the percentage of necrosis. A whole section (slab) with the largest 
amount of tumor is mapped out (drawing, photocopy, photograph) and submitted 
for histological examination.

4.2.4	 �Histopathologic Diagnosis of Bone Tumors

Correlation of the core biopsy especially for bone tumors can be improved by care-
ful review of the radiographic, CT, and MR appearance of the bone lesion with a 
musculoskeletal tumor radiologist. A core biopsy may have a sampling error, 
whereas the radiograph, CT, or MR may visualize the entire tumor revealing a much 
more aggressive appearance especially for chondrosarcomas. Radiologic-pathologic 
correlation is extremely important for bone tumors, as demonstrated by the follow-
ing examples.

Case 1. 61-year-old woman presented with a 3-month history of progressive pain 
around the left shoulder girdle. Examination of the left shoulder did not show any 
masses. Plain X-rays and MRI showed a poorly defined permeative lytic lesion with 
significant loss of cortex in the humeral neck and a second area lower down in the 
proximal humerus. The shoulder joint itself was well preserved. Chest X-ray was 
negative for tumor. Given her age and radiographic appearance, possibility of 
metastasis was a strong consideration although a primary bone tumor could not be 
excluded. Arrangements were made for her to undergo a CT-guided core needle 
biopsy. Core biopsy showed a malignant cartilage tumor with two distinct histolo-
gies. One area shows a low-grade cartilage tumor and the other a high-grade pleo-
morphic sarcoma. A diagnosis of a dedifferentiated chondrosarcoma was made in 
conjunction with the radiographic appearance of the lesion. Resection of the tumor 
confirmed the biopsy diagnosis (Figs. 4.1).

Case 2. This active 37-year-old female presented with pain in the left leg around 
the knee. On physical examination she had tenderness in the metadiaphyseal por-
tion of the distal femur circumferentially. There was no appreciable mass. Plain 
X-rays and MRI showed a large intramedullary lesion completely filling the canal 
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Fig. 4.1  Core needle biopsy 
of a tumor in the proximal 
humerus. Atypical cartilage 
tumor (low-grade 
chondrosarcoma) with 
adjacent high-grade 
sarcoma. Histology is that  
of a dedifferentiated 
chondrosarcoma

Fig. 4.2  Needle biopsy of a 
painful lesion in the distal 
femur. The histology is that 
of a low-grade cartilage 
tumor which could either be 
an enchondroma or an 
atypical cartilage tumor 
(low-grade chondrosar-
coma). The clinical history 
of pain and the radiological 
findings of a large cartilage 
tumor filling the medullary 
canal and causing endosteal 
scalloping confirmed the 
diagnosis of an atypical 
cartilage tumor

with evidence of endosteal scalloping, but no evidence of cortical breakthrough. A 
CT-guided biopsy showed a bland-cartilage tumor. The patient underwent exten-
sive curettage of the lesion followed by cryosurgery. Both the biopsy and curet-
tage specimen showed similar histopathology of a low-grade cartilage tumor with 
mild atypia. These tumors are labeled as atypical cartilaginous tumor/chondrosar-
coma grade 1, and their cytology is indistinguishable from that of an enchondroma. 
Diagnosis is based on the clinical findings and the radiographic appearance of the 
lesion (Fig. 4.2).

4.2.4.1	 Grading of Bone Sarcomas
In bone tumours, cellularity and nuclear features of the tumor cells are the most 
important criteria used for grading. The more cellular the tumor, the higher the 
grade. Irregularity of the nuclear contors, enlargement and hyperchromasia of the 
nuclei are correlated with grade. Mitotic figures and delete necrosis are additional 
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features useful in grading. Many studies have shown that histological grading cor-
relates with prognosis in chondrosarcoma and malignant vascular tumours. Tumors 
which are monomorphic, such as small cell malignancies (Ewing sarcoma, malig-
nant lymphoma and myeloma), do not lend themselves to histological grading. 
Mesenchymal chondrosarcomas and dedifferentiated chondrosarcomas are always 
high grade, whereas clear cell chondrosarcomas are low grade.

4.2.4.2	 Classification of bone tumors
Recent changes in the terminology are as follows:

	1.	 Cartilage tumors are now classified into benign, intermediate (locally aggressive), 
and malignant types. Grade 1 chondrosarcoma is now reclassified as an interme-
diate (locally aggressive) tumor and termed “atypical cartilaginous tumor.” These 
tumors are locally aggressive and metastasize only extremely rarely.

	2.	 Fibrohistiocytic tumors: Malignant fibrous histiocytoma of the bone has been 
removed from the classification. High-grade pleomorphic malignant tumors that 
lack a specific line of differentiation are classified as “undifferentiated high-
grade pleomorphic sarcoma.”

	3.	 The term primitive neuroectodermal tumor (PNET) has been removed as a syn-
onym for Ewing sarcoma.

	4.	 Hemangioma is now separated from epithelioid hemangioma, a recently charac-
terized locally aggressive tumor composed of small vessels lined by epithelioid 
endothelial cells. Epithelioid hemangioma should be distinguished from epithe-
lioid hemangioendothelioma which is a malignant neoplasm.

4.2.4.3	 Microscopic Examination of Bone Tumors
A diagnosis of bone tumor should not be made without integrating clinical, radio-
logical, and histologic appearances. Biologically different types of tumors may have 
overlapping histologic appearance. Histologic features to consider include pattern 
of growth (eg., sheets of cells seen in sarcomas such as Ewing’s Sarcoma and 
Osteosarcomas vs. lobular architecture seen in most Chondrosarcomas). Cytologic 
characteristics of the cells can help distinguish benign and malignant bone tumors. 
Malignant tumors often have pleomorphic and hyperchromatic nuclei, although 
many low grade malignant tumors can have bland appearing nuclei. Presence of 
necrosis is usually seen in malignant tumors but can be seen in Giant cell tumors 
of the bone. A diagnosis of Osteosarcoma cannot be made without demonstrating 
osteoid matrix production by the tumor cells. Multiple sections may be needed to 
identify such matrix production. Chondrosarcomas usually have abundant carti-
laginous matrix.

4.3	 �Immunohistochemistry in Sarcoma Diagnosis

Immunohistochemistry is a technique where antibodies are used to detect antigens 
in tissue sections. Antibodies are tagged to reagents which generate a colored reac-
tion product which is commonly brown or red. Immunohistochemistry is used only 
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in conjunction with routine H&E staining for diagnosis. There are no immunohisto-
chemical markers that will distinguish benign from malignant tumors. The follow-
ing is a brief discussion of commonly used antibodies:

	1.	 Cytokeratins are sensitive markers for identifying carcinomas and distinguishing 
them from lymphomas, melanomas, and sarcomas. Among the sarcomas, syno-
vial sarcoma and epithelioid sarcoma manifest true epithelial differentiation and 
express cytokeratins. Anomalous cytokeratin expression is seen in smooth mus-
cle tumors, melanomas, endothelial cell tumors, and some small round cell 
tumors (Ewing sarcoma, rhabdomyosarcoma, desmoplastic small round cell 
tumor, Merkel cell carcinoma).

	2.	 Desmin is a very sensitive marker of smooth muscle and skeletal muscle differ-
entiation. It is positive in rhabdomyosarcoma and leiomyosarcomas. It is not 
100% specific, and desmin expression can be seen in Ewing sarcoma, desmo-
plastic small round cell tumor, and giant cell tumor of tendon sheath.

	3.	 Smooth muscle actin: Monoclonal antibody is expressed in smooth muscle and 
myofibroblasts. It can be used to distinguish smooth muscle tumors from skeletal 
muscle tumors.

	4.	 S-100 protein: In soft tissue tumors, S-100 is most useful in the diagnosis of 
MPNST and melanomas. S-100 is diffusely and strongly positive in schwanno-
mas, whereas in MPNST positivity is focal and weak. This staining pattern can 
be helpful in distinguishing cellular schwannomas from MPNST. S-100 protein 
staining is, however, not specific, and its expression may be seen in synovial 
sarcoma, rhabdomyosarcoma, and leiomyosarcoma.

	5.	 CD99: The most important use of CD99 antibodies is for diagnosis of Ewing 
sarcoma, but its expression is not specific, and many small round cell tumors 
(lymphoblastic lymphoma, rhabdomyosarcomas) and other tumors (synovial 
sarcoma, undifferentiated round cell sarcoma, mesenchymal chondrosarcoma, 
and desmoplastic round cell tumor) are positive.

	6.	 CD34 is expressed in the majority of vascular tumors and is a sensitive marker 
for Kaposi sarcoma. It is also expressed in DFSP, solitary fibrous tumors, 
MPNST, GIST, and epithelioid sarcoma. Its expression is helpful in distinguish-
ing epithelioid angiosarcoma (which are cytokeratin positive) and epithelioid 
sarcoma, from carcinoma.

	7.	 CD31 is the most sensitive and specific endothelial marker, and its expression is 
not seen in any non-endothelial tumor. It is expressed in more than 90% of angio-
sarcomas, hemangioendotheliomas, hemangiomas, and Kaposi sarcoma.

	8.	 Vimentin: Vimentin is expressed in all mesenchymal cells. It is also expressed in 
sarcomatoid carcinomas, lymphomas, and melanomas. Vimentin expression is 
preserved in which all other immunoreactivity has been lost. Therefore, vimentin 
immunoreactivity is a good marker of tissue preservation.

Table 4.3 summarizes the utility of immunohistochemistry in the differential 
diagnosis of soft tissue and bone tumors.
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4.4	 �Molecular Genetics Pathology of Sarcoma

Sarcomas can be divided into two groups for the discussion of genetic alterations in 
these tumors, (a) sarcomas that have a specific translocations and (b) those with 
complex karyotypes.

	(a)	 Genetics of some major sarcomas with specific translocation:
	1.	 Synovial sarcoma is characterized by the t (x; 18) (p11; q11) translocation, 

which is found exclusively in this tumor. This translocation or variants 
thereof are present in >95% of all cases, often as a sole abnormality. 
Fluorescence in situ hybridization (FISH) and RT-PCR techniques are com-
monly used to detect this translocation.

	2.	 Ewing sarcoma: Approximately 85% of Ewing sarcomas have a reciprocal 
chromosomal translocation, t (11; 22) (q24; q12), that fuses EWSR1 to FLI1 
to generate EWSR1-FLI1 oncoprotein. In other cases, alternate transloca-
tions fuse EWSR1 to other ETS family members. In rare cases, FUS-ERG or 
FUS-FEV fusions are present instead. The diagnosis of Ewing sarcoma may 
be made by the presence of a positive RT-PCR result or supported by a split 
EWSR1 FISH signal, while still considering the diagnoses of other EWSR1-
rearranged tumors, such as desmoplastic round cell tumor, extraskeletal 
myxoid chondrosarcoma, myxoid liposarcoma, or clear cell sarcoma, among 
others. Additional chromosomal abnormalities, e.g., trisomies, and addi-
tional unbalanced chromosomal translocation are often present in Ewing 
sarcoma. Although absence of molecular confirmation should prompt a 
review of the clinical, histological, and immunohistochemical features, it 
should not rule out the diagnosis of Ewing sarcoma by itself.

	3.	 Alveolar rhabdomyosarcoma: Approximately 60–70% of ARMS involve a 
t (2; 13) (q35; q14) leading to PAX3-FKHR gene fusion, and 10–20% have a 
t (1; 13) (p36; q14) representing the variant PAX7-FKHR gene fusion. 
However, 10–30% of ARMS fail to exhibit any of these translocations. 
Furthermore, PAX3-FKHR-positive tumors appear to be significantly more 
aggressive than those containing PAX7-FKHR, although the tumors express-
ing these two translocations appear morphologically identical.

	4.	 Myxoid/round cell liposarcoma: MLS is characterized by the recurrent trans-
location t (12; 16) (q13; p11) that results in FUS-DDIT3 gene fusion, present 
in >95% of cases. In the remaining cases, a variant t (12; 22) (q13; q12) is pres-
ent in which DDIT3 fuses with EWSR1, a gene which is related to FUS. The 
presence of FUS-DDIT3 fusion is highly sensitive and specific for MLS and 
is absent in other morphologic mimics, including myxoid well-differentiated 
liposarcoma, dedifferentiated liposarcoma, and myxofibrosarcoma.

	5.	 Extraskeletal myxoid chondrosarcoma: Approximately 75–80% of EMC 
contain a characteristic t (9; 22) (q22; q12) in which the EWS gene becomes 
fused to a gene located at 9q22 encoding an orphan nuclear receptor belong-
ing to the steroid/thyroid receptor gene superfamily, NR4A3. In another 
15–20% of EMC, a gene at 17q11 highly related to EWS, TAF15, fuses with 
NR4A3 instead. In addition, two additional variant fusions involving NR4A3 
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have been reported. The NR4A3 fusions have not been found in any other 
sarcoma and may therefore be considered as a hallmark of this disease.

	6.	 Alveolar soft part sarcoma: Cytogenetically ASPS is defined by a specific 
alteration, der (17) t (x; 17) (p11; q25). This translocation results in the 
fusion of TFE3 transcription factor gene (from x p11) with ASPSCR1 at 
17q25. ASPSCR1-TFE3 RT-PCR and FISH for TFE3 rearrangement are 
both good methods for molecular diagnosis. Although the presence of the 
ASPSCR1-TFE3 fusion appears to be highly specific and sensitive for ASPS 
among sarcomas, the same gene fusion is also found in a small subset of 
renal cell carcinomas, often affecting young patients.

	7.	 Low-grade fibromyxoid sarcoma: The cytogenetic hallmark of these tumors 
is the t (7; 16) (q33; p11), which is present, often as a sole change, in approxi-
mately two thirds of cases. Another 25% of cases show a supernumerary 
ring chromosome. Both aberrations result in fusion of the FUS gene and 
the CREB3L2 gene. A rare variant t (11; 16) (p11; p11) results in a FUS-
CREB3L1 fusion. FUS-CREB3L2 and FUS-CREB3L1 fusion genes occur in 
76–96% and 4–6% of cases, respectively. Low-grade fibromyxoid sarcomas 
arising in atypical locations and those with giant rosettes or foci resembling 
sclerosing epithelioid fibrosarcoma also display t (7; 16)/FUS CREB3L2.

	8.	 Clear cell sarcoma of soft tissue: The genetic hallmark of CCS is the pres-
ence of reciprocal translocation t (12; 22) (q13; q12), resulting in the fusion 
of EWSR1 with ATF1 in >90% of cases. A related variant translocation, t (2; 
22) (q32.3; q12), resulting in an EWSR1-CREB1 fusion has been described 
in 6% of CCS. In CCS, EWSR1-ATF1 fusion protein targets the melanocyte-
specific MITF promoter, required for cell proliferation as well as triggering 
ectopic melanocytic differentiation.

	9.	 Desmoplastic small round cell tumor (DSRCT) is characterized by a recur-
rent chromosomal translocation t (11; 22) (p13; q12), resulting in the fusion 
of the EWSR1 gene in 22q 12 and Wilms tumor gene, WT1, in 11 p13. Rare 
variants including additional exon of EWSR1 can also occur. Detection of 
the EWSR1-WT1 gene fusion can be especially useful in cases with unusual 
clinical or histological features. EWSR1-WT1 is expressed in tissues derived 
from the intermediate mesoderm, primarily those undergoing transition from 
mesenchyme to epithelium. This recapitulates the epithelial differentiation 
noted in DSRCT.

	(b)	 Sarcomas with complex karyotypes:
Soft tissue sarcoma with complex unbalanced karyotypes lacking specific 
translocations includes pleomorphic and dedifferentiated liposarcomas, angio-
sarcoma, leiomyosarcoma, neuroblastoma, mesothelioma, adult fibrosarcoma, 
and undifferentiated pleomorphic sarcoma. Inactivation of the p53 pathway 
appears to be a key differentiating factor between sarcomas with simple genetic 
alterations and those with karyotypic complexity. In sarcomas with nonspecific 
genetic alteration, p53 pathway inactivation may be a common early event, 
needed to overcome checkpoints triggered by senescence telomere erosion or 
double-strand breaks in the progression of these sarcomas.
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4.5	 Summary

The rarity of bone and soft tissue sarcomas requires a systematic multidisciplinary 
team approach for management of patients with these diseases [11]. These rare 
tumors require sophisticated pathologic diagnosis and imaging interpretation. 
Incorrect biopsy technique may compromise surgical options and resectability. 
Treatment of bone and soft tissue sarcomas routinely includes surgery, medical 
management (routinely used for high-grade sarcomas), and radiation therapy given 
for select tumors either in lieu of surgery or as an adjunct. Together, these issues 
mandate close cooperation and multidisciplinary care to optimize outcome. In other 
types of cancers, pathologic interpretation may be performed based solely on the 
examination of the retrieved specimen. In soft tissue and bone tumors, however, 
interpretation frequently necessitates understanding of the clinical presentation, 
along with symptom quality, duration, intensity, and radiographic interpretation of 
aggressiveness and site. In low-grade cartilage tumors of bone, the specimen cannot 
be interpreted in a vacuum, excluding clinical and radiographic factors. A multidis-
ciplinary team is well equipped to discuss image interpretation and clinical presen-
tation with the diagnosing pathologist. Similarly, in the interpretation of biopsy 
specimens, multidisciplinary exchange is essential to determine if a seemingly non-
diagnostic biopsy can be interpreted in the clinical and imaging context; if not, 
future diagnostic maneuvers can be discussed and optimized, leading to fewer 
unproductive interventions and tests. A core group of dedicated and experienced 
physicians can accomplish this goal.
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5Musculoskeletal and Interventional 
Radiology in the Management 
of Sarcoma Patients

James Jelinek and Francesca Beaman

This chapter is designed for the primary physician, orthopedic oncologist, surgical 
oncologist, medical oncologist, radiation oncologist, and other health-care provid-
ers to understand modern imaging techniques in the diagnosis, percutaneous biopsy, 
and follow-up of bone and soft tissue sarcomas. There are many excellent textbooks 
describing the imaging appearance and differential diagnosis of both bone and soft 
tissue sarcomas [1–3]. The goal of this chapter is more focused on the newest 
approaches to sarcoma diagnosis, staging biopsy, and follow-up. Compared to a 
decade ago, there is more reliance on MRI in the initial staging and increasing usage 
of image-guided percutaneous needle biopsy for initial diagnosis and proof of recur-
rence as well as an increasing utilization of PET-CT in the staging and surveillance 
of sarcomas [4]. The value and limitations of these strategies are discussed.

5.1	 �Initial Diagnosis

The initial diagnosis of a bone or soft tissue mass is sometimes incidental as identi-
fied by a routine joint pain MRI (such as a shoulder or knee MRI) or may be made 
based on clinical symptoms. The presence of clinical symptoms related to the “inci-
dental” findings is often different in significance for bone versus soft tissue masses. 
Painful bone masses warrant much closer attention. Chondroid lesions of the bone 
which are malignant (chondrosarcoma) are painful, whereas benign enchondromas 
are typically painless. The opposite is often the case for soft tissue masses. Unless 
they have achieved a large size or are compressing a nerve, most soft tissue 
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sarcomas are not painful. Most painful soft tissue masses are benign lesions such as 
myositis ossificans, thrombosed hemangiomas/angiolipomas, posttraumatic hema-
tomas, nerve sheath tumors, glomus tumors, or myositis.

The best imaging practice for bone and soft tissue tumors is outlined in the 
American College of Radiology (ACR) Appropriateness Criteria [5]. This lists in 
detail the best (and least appropriate) tests for the diagnosis of primary sarcomas of 
bone and soft tissue. There are also online references of the American College of 
Radiology (ACR), Society of Pediatric Radiology, and the Society of Skeletal 
Radiology on consensus recommendations as outlined in the ACR Practice 
Guidelines for the Performance and Interpretation of Computed Tomography and 
Magnetic Resonance Imaging of Bone and Soft Tissue Tumors. Just because a 
patient has a sarcoma does not mean they must have every single exam including 
CT, MRI, X-rays, bone scan, and PET-CTs. For example, many soft tissue sarcomas 
of the extremity do not need an extremity CT or bone scan. We need to image 
wisely. A skilled musculoskeletal radiologist can be helpful in delineating which 
exams are useful and which would likely add little benefit to the patient. Excess 
radiation, whenever possible, should be avoided in young patients likely to have 
many follow-up exams.

5.1.1	 �Plain Film Radiographs

The initial evaluation of both bone and soft tissue sarcoma typically begins with 
plain film radiographs [3]. There is increasing usage of MRI in the evaluation of the 
extremities and joints without use of a plain film radiograph. For many sports injury 
of the shoulder and knees, this may be appropriate; however, evaluating tumors of 
bone and soft tissue without plain film radiographs can result in the misdiagnosis of 
benign lesions as malignant and malignant lesions misdiagnosed as benign. X-rays 
may define the presence of margins and matrix in soft tissue masses. A soft tissue 
mass with a sharply defined calcific rim seen on X-ray may not be seen on MRI; the 
presence of the calcification may be diagnostic of a myositis ossificans as opposed 
to a soft tissue sarcoma. Radiographs are also helpful to identify whether the tumor 
is truly arising from bone or soft tissue (Fig. 5.1). The evaluation of bone tumors 
should always start with plain film radiographs.

Sarcomas of the bone: The correct diagnosis of bone tumors begins with an 
appreciation of the patient age and specific location of the bone tumor. The X-ray 
appearance in terms of the margins is critically important in establishing the degree 
of aggressivity of the bone tumor. Sharply defined lesions with sclerotic borders are 
rarely malignant, and the diagnosis of a bone sarcoma can be excluded. A skilled 
bone radiologist can provide additional confidence to the treating oncologist/sur-
geon that follow-up studies or biopsy of a benign bone lesion may not be warranted. 
On an increasing level of aggressiveness, bone lesions which demonstrate a less 
well-defined to ragged margin without a sclerotic border represent more aggressive 
processes. Age is important. Many benign childhood lesions such as histiocytosis X 
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(Langerhans cell histiocytosis), bone cysts, and enchondroma do not necessarily 
have a prominent well-defined sclerotic rim but usually have sharply defined mar-
gins. On the other hand, in adults, especially over the age of 40  years, it is not 
uncommon for such tumors as multiple myeloma and metastatic disease to present 

a

c

b

Fig. 5.1  A 24-year-old pregnant female with 4-month history of painful leg. X-rays of the leg 
were previously deferred because of the pregnancy. Biopsy and surgically proven osteoblastic 
osteosarcoma. (a) AP X-ray of the knee shows osteoid matrix in the distal medial femoral metaph-
ysis. More importantly there is poorly mineralized osteoid extending medially into the soft tissues. 
(b) Coronal T2-weighted MRI shows the soft tissue component, but dense osteoid matrix of an 
osteoblastic osteosarcoma is not identifiable. (c) Axial CT scan during large core needle biopsy of 
the tumor
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with sharply defined punched-out (“cookie cutter”) lesions. The presence of a lytic 
lesion with poorly defined margins signifies a bone tumor as an aggressive process 
and likely malignant. While the vast majority of lytic lesions of the bone over the 
age of 40 years are likely due to metastatic disease or multiple myeloma, the pos-
sibility of a primary bone sarcoma should still be considered. For example, a patient 
in their fourth or fifth decade with a bone tumor with poor margins and subtle calci-
fications with arcs and swirls signifies that this represents a chondroid tumor such 
as a chondrosarcoma or a chondroblastic osteosarcoma. Dense cloud-like osteoid 
matrix within a bone lesion usually suggests this represents an osteoblastic tumor 
(Fig. 5.1). Small lesions with a minimally spiculated borders might simply signify 
a benign bone island in particular if the patient is asymptomatic, and the finding is 
incidental. A blastic lesion, especially if multiple, in a patient over the age of 40 
could represent metastatic disease. A history of breast cancer would make a scle-
rotic lesion more worrisome for metastatic disease. A sclerotic bone lesion in a male 
should suggest the potential for metastatic prostate cancer, and the next appropriate 
step is to evaluate with a serum prostate-specific antigen (PSA). A male patient with 
incidental bone islands or enostosis will likely have a normal or high normal PSA 
level. Metastatic prostate cancer to the bone almost invariably is associated with a 
PSA level greater than 10 at initial presentation.

Soft tissue sarcoma: The role of plain film radiographs is less appreciated for soft 
tissue sarcomas. MRI clearly has the major role in the assessment of the imaging 
appearance of the soft tissue sarcoma. Furthermore, MRI is very accurate in estab-
lishing the local extension of tumor and its relationship to important neurovascular 
structures [6]. However, MRI is likely to miss internal calcification or ossification 
within a soft tissue tumor (Fig. 5.2). The presence of internal soft tissue calcification 
may be an important clue that the lesion may represent a synovial sarcoma which 
often presents with findings of sand-like calcifications [1]. The matrix of an 
extraskeletal osteosarcoma or extraskeletal chondrosarcoma will be missed by 
MRI. The extension of the soft tissue tumor to the bone can be better depicted by 
plain film radiographs. Long-standing benign tumors such as juxtacortical chondro-
mas often have a sharply defined margin with thick cortical reaction suggesting a 
long-term lesion that would not be obvious by MRI. Sarcomas of soft tissue can 
erode the bony cortex without a sclerotic reaction and often have no bone reaction 
(just lytic) or a feathery pattern. Expert evaluation of the periosteal reaction of a soft 
tissue tumor on radiographs can predict an aggressive versus long-term process.

The use of plain film and the adjunctive use of CT are particularly essential when 
assessing a large osteoblastic or osteoid producing lesion. In general, benign lesions 
such as myositis ossificans or heterotopic ossification typically have a well-defined 
sharply corticated margin without evidence of an adjacent soft tissue mass. 
Malignant processes, which include parosteal osteosarcoma, periosteal osteosar-
coma, extraskeletal chondrosarcoma, or extraskeletal osteosarcoma, will have dense 
osteoid matrix [3, 7] (Fig. 5.2). A careful evaluation of the margins of these malig-
nant tumors will show that the peripheral edge (paint brush margins) are less well 
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defined and are often associated with soft tissue masses (Fig.  5.2). The internal 
component of these tumors typically may have either no internal matrix or a solid 
homogeneous osteoid pattern. It is the presence or absence of a sharp-defined mar-
gin of the cortex that indicates whether an otherwise large dense osteoid mass is 
benign or represents a soft tissue sarcoma. Defined margins of myositis ossificans 
have a very distinct sharply marginated cortex without a peripheral soft tissue mass.

a b

c d

Fig. 5.2  A 37-year-old male with bony soft tissue mass of the left shoulder. Biopsy and surgical 
proven osteosarcoma. (a) AP X-ray of the scapula demonstrates a large osteoid mass. Mistakenly 
called myositis ossificans or bony exostosis. Experience with these entities would suggest this 
would not be typical for this diagnosis. CT is strongly recommended on multiple occasions despite 
initial reluctance of general orthopedic surgeon. (b) CT shows “paint brush” borders on the outside 
and other soft tissue components of poor mineralization, worrisome features for malignancy. The 
peripheral margins are not sharply defined. (c) Axial T2-weighted MRI shows peripheral areas of 
high signal intensity not consistent with mature bone. (d) Axial post-contrast-enhanced 
T1-weighted MRI shows both lateral and posterior nodular areas of enhancement
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5.1.2	 �CT Evaluation

CT is a major diagnostic tool in the assessment of bone and soft tissue tumors. Plain 
film radiographs have limitations in the assessment of tumor especially those that 
are superimposed over complex bony structures such as tumor present within the 
pelvis or scapula. In some cases, the radiograph findings are extremely subtle as to 
the presence or absence of matrix. Matrix can be missed on X-rays. CT is valuable 
in the assessment of the presence and type of matrix especially in the shoulder and 
pelvis. Chondroid matrix signifying a chondroid tumor is often subtle on plain film 
and better defined on CT (Fig. 5.3).

CT can be invaluable in the assessment of the soft tissue tumors when the pres-
ence or absence of matrix is being assessed or when the extent of cortical erosion 
may be present. In the absence of matrix, as might be seen on plain film X-ray, and 
the absence of bone erosion, CT may not be warranted. Many of our soft tissue 
sarcoma patients never get an extremity CT.

The presence of calcification or ossification within a soft tissue mass is not in 
itself diagnostic of a malignant or benign process. For example, long-standing lipo-
mas and liposarcomas can both contain calcification. The interaction between the 
musculoskeletal radiologist and the clinician is very important in the proper evalu-
ation of such small lesions. A small chondroid tumor with minimal scalloping of the 
cortex can be either an enchondroma or a chondrosarcoma. If the patient has signifi-
cant pain referable to that area, then strong clinical suspicion and more careful 
assessment of chondrosarcoma is advised.

The soft tissue sarcomas with the highest incidence of calcifications include 
synovial sarcoma [8], malignant fibrous histiocytoma (today most malignant fibrous 
histiocytomas have been reclassified as undifferentiated pleomorphic sarcomas 
(UPS)), and the rarer extraskeletal osteosarcoma and extraskeletal 
chondrosarcoma.

a b c

Fig. 5.3  A 37-year-old female with bone pain left distal femur. Surgically proven low-grade chon-
drosarcoma. (a) X-ray shows subtle matrix in the distal left femur. (b) CT scan shows definite 
chondroid matrix without involvement of the cortex. (c) Sagittal T2-weighted MRI shows the 
lesion of distal femur with anterior endosteal scalloping
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5.1.3	 �Ultrasound Examination

Initial evaluation of a sarcoma typically does not include the use of ultrasound. 
Ultrasound provides poor discrimination of the type of bone tumor present. 
Ultrasound is valuable in the assessment of soft tissue masses when a lesion is 
suspected to be “cystic” such as a simple cyst or ganglion or pseudoaneurysm. 
The major role for ultrasound is to show that a lesion is purely a cystic lesion and 
using color flow Doppler to show that the lesion is avascular either and a cyst or 
a cystic tumor. Ultrasound examination can show communication between the 
central portion of a soft tissue mass, and extension to the joint capsule with char-
acteristic imaging appearance diagnostic of a synovial ganglion. Ultrasound 
readily demonstrates large soft tissue hematomas. The assessment of a soft tissue 
hematoma, however, should be performed with caution. The addition of color 
flow Doppler ultrasound may be helpful in the assessment for neovascularity or 
nodules within the cystic mass. A cystic mass with internal nodules with hyper-
vascularity should suggest that the soft tissue mass represents a soft tissue sar-
coma rather than a hematoma. Any hematoma diagnosed by ultrasound should be 
assessed for the lack of internal vascularity and should be correlated with clinical 
history as to whether the patient has an appropriate recent injury to cause a hema-
toma. Typical hematomas related to trauma or muscle tears are less well defined, 
track down the entire compartment of the injured muscle, and have an overall 
length which greatly exceeds the cross-sectional diameter of the lesion (hot dog 
shaped). On the other hand, soft tissue sarcomas typically are round or elliptical 
(ball or football shaped). It is unusual for a soft tissue sarcoma to have a length 
which exceeds more than three times the maximal cross-sectional diameter of the 
lesion. Follow-up of any hematoma is always warranted as change over time may 
be diagnostically significant. Unfortunately, many of the tumors which are diag-
nosed by CT, MRI, or ultrasound are initially described as hematomas. The refer-
ring physician often takes the phrase “hematoma” as a diagnosis rather than a 
pure description that the mass in fact represents blood products of uncertain eti-
ology. Hematomas which turn out to represent a soft tissue sarcoma are typically 
very high-grade. There is a controversial theory that high grade sarcomas with 
underlying hemorrhage have a worse prognosis than those soft tissue tumors 
which do not have evidence of internal hemorrhage [9]. In our experience the 
presence of hemorrhage within a tumor suggests the tumor is not a low-grade 
lesion but high-grade. The one exception is that some ancient schwannomas may 
have internal hemorrhage.

5.1.4	 �MRI Examination

MRI should be the imaging modality of choice for the local staging of soft tissue 
and bone sarcomas. MRI is not used as the test to make a correct diagnosis of a bone 
tumor but is the essential imaging tool in the assessment of the full staging of the 
lesion. MRI is very accurate in the assessment of the extent of the tumor within the 
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bone (i.e., medullary canal), as well as identifying cortical erosion and the presence 
of extraosseous extension, and is clearly superior to both CT and plain film radio-
graph in this regard [9].

Many benign soft tissue masses can be correctly identified and diagnosed with 
MRI. Many of the more common benign “tumors” for which MRI is diagnostic 
include meniscal cysts, ganglion, hemangiomas, lipomas, intramuscular myx-
oma, fibromatosis, and benign peripheral nerve sheath tumor such as schwanno-
mas and neurofibromas [1]. In many cases, based on the MR appearance, patient 
age, and tumor location, the lesion can be simply followed over time, particularly 
when the lesion is not easily amendable to percutaneous biopsy. Furthermore, the 
imaging appearance of some soft tissue sarcomas is also diagnostic based on the 
MR appearance [1]. For example, many liposarcomas, including the myxoid 
liposarcoma and the well-differentiated liposarcoma (atypical lipomatous tumor), 
and synovial sarcomas have a characteristic appearance on MR. The MR imaging 
appearance however should never preclude a biopsy of a suspected sarcoma, and 
the more important role is to correctly define the extent of tumor and to assess the 
invasion of adjacent neurovascular structures. No other modality comes close to 
MRI in the assessment of local invasion of nerves, arteries, veins, bony cortex, 
and other adjacent organs (Fig. 5.4).

a b c

Fig. 5.4  A 58-year-old female with slightly painful growing soft tissue mass of the medial foot. 
Biopsy and surgically proven extraosseous sarcoma with cortical invasion and bony involvement. 
(a) Coronal contrast-enhanced reformatted CT with soft tissue window shows a soft tissue mass 
with probable cortical erosion of the medial cortex of the calcaneus. Cystic appearing areas pres-
ent. (b) Coronal T2-weighted MRI shows large soft tissue mass with obvious invasion of the body 
of the calcaneus. (c) Coronal T1-weighted post-contrast-enhanced image shows no significant cys-
tic or hemorrhagic areas present
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5.1.4.1	 �MRI Technique
There are many different MR scanners and sequences. The strength of the MR mag-
net (Tesla (T) units) has limited importance compared to other uses of MRI within 
the brain and body. Most MRI scanners used today are 1.5 T. The problem with 
low-field 0.5 T is poor spatial resolution and blurring. If a patient can tolerate a 
1.5 T MR, then they should have a 1.5 T MR. The use of high-field MRI at 3 T is 
increasing; 3 T MRI has a more prominent role in neuroimaging of stroke, MR 
tractography, and MR angiograms. Increasing use of 3 T MRI with joints shows 
improved conspicuity of articular cartilage. There is no significant literature to sup-
port that 3 T MR improves diagnosis or staging of sarcomas compared with tradi-
tional 1.5 T MRI.

Sequences: With regard to musculoskeletal imaging, the type of MRI sequences 
utilized can effect whether soft tissue and/or bone sarcomas are correctly diagnosed. 
There are myriad of MRI sequences: T1, T2, proton density, FLASH, GRE, FLAIR, 
STIR, SPIR, HASTE, diffusion with ADC mapping, etc. The imaging sequences 
used for general abdominal MRI, in particular assessment of the liver, kidneys, and 
pelvic organs, differ significantly from those used for musculoskeletal imaging. 
Even within the musculoskeletal MRI protocols, there are significant differences in 
the type of sequences utilized to assess pathology. For example, most MR sequences 
to evaluate the sports injuries of the knees, hips, shoulders, and wrists are optimized 
to improve the appearance of both hyaline and fibrocartilage. Typically, these stud-
ies use fast sequences and proton-weighted or balance sequences to help in the 
detection of cartilage lesion of the labrum and condyles. The proton-weighted 
sequences are of significantly less benefit in the evaluation of tumor as a balance, or 
proton-weighted sequence minimizes the signal of pathologic processes relative to 
that of bone or soft tissue. We have specific and differing musculoskeletal sequences 
that are defined as either sports injury/joint protocols or tumor protocols. Optimal 
MRI sequences for the assessment of bone and soft tissue tumors should include 
simple T1-weighted and water-sensitive sequences with fat suppression. The most 
commonly used water-sensitive sequences included T2-weighted with fat saturation 
and STIR sequences. T2-weighted sequences without fat saturation make it difficult 
to differentiate a tumor from the adjacent subcutaneous fat or from the adjacent 
intramedullary fat (within bone marrow). Other optional sequences such as gradient 
echo sequences are more sensitive to the presence of internal hemorrhage. Gradient 
echo images are not as commonly used in ordinary follow-up of tumors but may be 
used when internal hemorrhage is suspected.

MR contrast: The use of contrast agent for MRI can be valuable in many cases 
[10]. All of the commonly used agents for MR contrast are based on gadolinium 
which is one of the basic elements of the periodic table. Gadolinium is frequently 
chelated with other molecules to provide different biochemical properties. MR con-
trast agents are significantly safer than the iodinated contrast agents used for CT 
scans. There is little to no crossover of reactivity with regard to allergic reactions to 
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iodinated contrast agent for CT and the gadolinium contrast agents used for 
MRI. The frequency of the minor contrast reactions is significantly less for MRI 
than for contrast agent used for CT. Typically, the incidence of MRI contrast agent 
reactions is less than 1%, with most of these representing headaches and rashes. The 
incidence of reactions to CT iodinated contrast agents is two to four times higher. 
Likewise, the incidence of severe anaphylactic reactions to MR gadolinium contrast 
agents is also extremely rare and much less likely than the severe allergic reactions 
to CT iodinated contrast agents [11]. Note that the new iso-osmolar CT iodinated 
contrast agents have a significantly safer biochemical profile than those iodinated 
contrast agents used a decade ago. The incidence of both minor and major allergic 
reactions to both the CT and MR contrast agents has significantly declined of the 
last two decades. Shellfish allergy is not a contraindication to either CT or MRI 
contrast agents. Rather, allergic individuals who have several allergic reactions to 
such products as seafood, nuts, cheeses, and pollens with atopy have an increased 
likelihood compared to the general population of having an acute anaphylactic reac-
tion to either iodinated CT or gadolinium-based MR contrast agents [12].

The value of MR contrast is somewhat controversial if used in all cases. Many 
tumors can be well seen on the typical T1-weighted and water-sensitive sequences. 
The addition of contrast often does improve the conspicuity of the margins of the 
tumor. Where MR with contrast is more helpful is in the assessment of the internal 
content of the lesion. For example, a cystic lesion such as a synovial ganglion or 
meniscal cyst should not show internal enhancement on early post-contrast 
sequences. In some cases, contrast may leach into a ganglion or meniscal cyst on 
delayed post-contrast sequences. A large tumor which is very “cystic” in appear-
ance based on the T1-weighted and the T2-weighted images may in fact represent 
a myxoid tumor. Myxoid tumors whether benign intramuscular myxoma or malig-
nant myxoid liposarcoma or myxoid MFH will show significant internal enhance-
ment on post-contrast sequences. The best way to accurately characterize tumor 
as a cyst versus a cystic tumor is based on the use of contrast. Furthermore, large 
bone and soft tissue sarcomas may have large areas of internal hemorrhage or 
necrosis. Preoperative biopsy planning of a suspected malignancy may be affected 
if the area to be sampled contains a large area of central necrosis or hemorrhage. 
The value of a contrast MRI (or contrast CT) is that the area of greatest contrast 
enhancement will typically represent the area of greatest tumor viability and is the 
most optimal site of biopsy whether the biopsy is performed as a CT-guided core 
needle biopsy or performed as an open surgical biopsy. For a large tumor with 
central areas suggesting “cystic” changes, careful review of the enhancement pat-
tern is invaluable to optimizing the biopsy procedure. Central areas showing no 
enhancement should be carefully avoided. In addition, the value of contrast with 
MRI is extremely important when biopsying vascular lesions of a high-grade sar-
coma containing large feeder vessels and extensive neovascularity. These large 
vessels can be easily identified on the earlier arterial phase sequences. It is impor-
tant to carefully avoid the large vessels to minimize the risk of post-biopsy hemor-
rhage. Avoidance of vascular structures can be more easily done with CT/MR 
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guidance than with an open biopsy because they can be directly visualized. This 
is also discussed in the following biopsy section. Invasion of important adjacent 
structures can deem a tumor unresectable or at least has a major impact on long-
term survival [13].

Direct osseous invasion is sometimes obvious from MR or CT. Other times inva-
sion is less obvious. Some useful rules of thumb include the extent of contiguous 
contact with adjacent structures. Typically, when more than 5  cm of contiguous 
contact is present then invasion of the associated osseous, chest wall, or vascular 
structures is likely even if no obvious penetration is visible. Similarly, if tumor 
encases a structure by more than 180° such as a bone or neurovascular bundle, then 
the likelihood of invasion is also high [14].

The limitations of an MRI are becoming less of an issue with modern MRI scan-
ners. Newer MRI scanners can hold patients up to 600 pounds. The new generation 
MRI scanner is shorter in overall length (length of the tube), and the bore or the 
internal cross-sectional diameter has greatly increased. This results in decreased 
claustrophobia. Nonetheless, the MR examination takes significantly longer than a 
CT scan. New CT scan protocols typically can be completed in less than 5 minutes, 
whereas the average tumor protocol for MRI is typically 45 minutes, especially if 
contrast is given. A patient felt to be minimally claustrophobic should have an 
appropriate discussion of whether premedication with an antianxiety medication 
such as benzodiazepine medication Valium (diazepam) or Ambien (zolpidem) may 
be beneficial in decreasing the patient’s anxiety. Even minimal movement of the 
patient significantly degrades the overall quality of the MR imaging study. Almost 
all patients with a joint replacing prosthesis can be safely imaged by MRI. Patient 
with various other implants can often be easily imaged. A useful reference for 
whether an implant or prosthesis is MR compatible can be assessed by the excellent 
website called “MRI Safety.com” (MRISafety.com). Almost all patients who have 
had recent cardiac or peripheral vascular stents can be safely imaged. These usually 
do not represent contraindications after the first week of insertion. Most of the mod-
ern intracranial aneurysm clips are also MR compatible. Only the older intracranial 
aneurysm clips used more than two decades ago were not MRI compatible. Today, 
the single most common contraindication for an MRI is an actively used implanted 
pacemaker or defibrillator. There are an increasing number of hospitals which can 
image patients with pacemakers. The newest pacemakers such as the Revo pacing 
system by Medtronic are considered MR compatible, and in the future more wide-
spread MR compatible pacemakers will become available. Nonetheless, the patients 
do require careful assessment for the mode of the pacemaker settings. A cardiologist 
or pacemaker technician should be around to access the pacemaker and, in some 
cases, turn off the pacemaker and then reset it post MR imaging. Other active 
implanted stimulators include bone stimulators, and spinal cord stimulators that are 
functioning are typically contraindicated.

Newer technologies in MRI include the use of MR spectroscopy which may 
allow better differentiation between benign and malignant primary soft tissue 
masses. The assessment is based on differences in choline peaks, but the results 
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have been mixed [6, 15]. Diffusion MR is another sequence that is being widely 
applied to oncology imaging and is widely used in the assessment of prostate, liver, 
colorectal, and brain tumors. Its application to primary sarcomas has not been 
defined [16, 17].

5.2	 �Staging of Primary Tumors

The staging of primary tumors can be separated into the assessment of the local 
tumor site and then the assessment for metastatic disease. As described above, MRI 
is the chief modality to assess both bone and soft tissue sarcoma for local extent as 
well as the tumor’s relationship to the nerves, arteries, veins, destruction of bony 
cortex, and local invasion of the other organs. MRI is clearly superior to CT 
(Fig. 5.4); however, for those patients who cannot have an MRI, CT staging is also 
quite accurate. The multiplanar capability of MRI is more useful for surgical plan-
ning. Contrast improves the visibility of tumor necrosis and vessels within a 
sarcoma.

The vast majority of sarcomas of bone and soft tissue typically metastasize to the 
lungs. As such, the assessment of lung metastasis is performed using multidetector 
CT. While most pulmonary nodules are easily seen without contrast, the addition of 
the CT contrast agents is helpful in assessing tumors adjacent to vascular structures 
as well as for the assessment of adenopathy in the chest. There are some sarcomas 
which have unusual metastatic pathways to lymph nodes such as epitheloid sarcoma 
and synovial sarcoma. Additionally, leiomyosarcomas and myxoid liposarcomas 
can metastatize to the intrapelvic or abdominal lymph nodes, bone, liver, and peri-
toneum [18–20].

The second most common site of metastatic disease of sarcomas is to the bone, 
especially for the most common sarcomas of the bone. Nuclear medicine bone scan 
has been the typical imaging modality for the assessment of bone metastasis. After 
lung metastasis, spread to bone is common for osteosarcoma and Ewing’s and other 
aggressive soft tissue sarcomas such as leiomyosarcomas and rhabdomyosarcomas. 
While MRI is considered most sensitive and specific for the local assessment of a 
bone sarcoma, it is nearly impossible to adequately image the entire appendicular 
and central axial skeleton with MR imaging. The time would be extensive and most 
patients could not tolerate the long MR scanning time. Shortened MR protocols to 
two sequence whole-body scanning have been employed primarily for research 
assessment but are not commonly the modality of choice for whole-body screening 
for bone metastasis. The sensitivity and accuracy of total body nuclear bone scan-
ning is effective from both a clinically tolerated perspective and practical cost and 
time perspective.

Recent total body nuclear bone scanning technique for metastatic disease has 
been improved by the replacement of the most commonly used bone scan agent 
methylene diphosphonate (MDP). In years past the typical bone scan agent used 
was technetium MDP. In many imaging centers, the technetium MDP agent is being 
replaced by sodium fluoride. The advantage of these sodium fluoride bone scanning 
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agents is that in addition to the whole-body scanning, low-dose combined CT can 
be performed to improve the spatial resolution of the location of the lesion as well 
as improve specificity by differentiating increased activity related to arthritis adja-
cent to the joint versus a tumor adjacent to a joint. There is some concern the sodium 
fluoride SPECT-CT may be too sensitive with false-positive studies as compared to 
technetium MDP.

The other evolving technology which may replace nuclear medicine bone scan 
and basic CT scanning of the body is the use of a combined high-resolution diag-
nostic CT with PET-CT. The study is performed using fluorodeoxyglucose (FDG) 
as the most commonly used agent. There are other agents which have been utilized, 
including radioactive carbon-11, nitrogen-13, oxygen-15, or rubidium-82. However, 
in clinical practice, these other agents are rarely utilized. PET-CT with high-
resolution diagnostic CT allows the areas of greatest activity to be visualized on a 
high-resolution CT scan as well. The combination of detecting the areas of greatest 
uptake with the multidetector CT scanner allows precise localization of uptake 
within specific structures detected on CT.  For example, a small or normal-sized 
lymph node seen on CT with a very high degree of specific uptake value (SUV) is 
likely pathologic. Most normal organs and lymph nodes have a low degree of activ-
ity (SUV < 3), whereas high-grade tumors typically have an uptake (SUV > 5). But 
this is a gross simplification because acute inflammation can have a high degree of 
uptake, whereas a low-grade sarcoma can have a low degree of uptake; this is a 
source of confusion for referring clinicians, nuclear medicine physicians, and radi-
ologists. Knowing type and grade of a sarcoma can be very helpful in assessing 
what the value of a low degree of uptake in a specific location means. There are 
papers that would suggest that the SUV max of a primary sarcoma is an independent 
prognostic factor for long-term survival [21]. While the high-resolution CT and the 
PET-CT are performed in one setting, the two components, including the PET and 
the CT images, are fused and co-registered together. It is also possible for a PET 
study to be co-registered or fused with an outside-referring facility CT or MRI study 
performed shortly before or after the MR study. However, to improve the accuracy 
of the fusion or co-registration, it is best performed at the same setting so as to not 
have other factors such as exact body positioning come into play.

PET-CT, in some cases, may replace the need to perform a bone scan. For exam-
ple, in the staging of Ewing’s sarcoma, lytic bone lesions are better depicted by 
PET-CT [22, 23]. On the other hand, blastic bone lesions are better detected with 
traditional Tc-MDP bone scan [23].

In the past, PET-CT has had limited coverage by payers including Medicare and 
Medicaid and other large third-party payers. Fortunately, new guidelines for the 
coverage of oncology FDG PET-CT now provide more widespread coverage of 
most malignancies, including bone and soft tissue sarcomas. Exceptions to the ini-
tial staging and diagnosis use of PET-CT exclude staging for prostate, breast, cer-
vix, and melanoma (Centers for Medicare & Medicaid Services (CAG-00181R4)). 
There is increasing literature to support PET-CT for high-grade tumors such as 
Ewing’s sarcoma as the more appropriate test to stage these tumors [23]. PET-CTs 
for other common tumors, such as early-stage colorectal and renal cancers, are not 
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usually approved. Furthermore, inpatient PET-CTs in many hospitals are not cov-
ered because of the DRG-related cost issues; therefore, hospitals are typically not 
willing to absorb the cost related to an inpatient stay. Furthermore, most PET-CT 
scans are limited in frequency of usually not more often than one every 6 months. 
For a fast changing tumor, this is a significant restriction on tumor assessment. 
Undoubtedly new proven evidence-based medicine supporting the valuable role of 
PET-CT will increase the type of tumors that are covered for this study.

5.3	 �Image-Guided Biopsy

Over the last decade, there has been an increasing role in image-guided biopsy for 
accurate tissue diagnosis [24]. Routine use of open surgical biopsy in many cases is 
neither cost-effective nor safer [25]. In the past, the most common reason for open 
surgical biopsies was that radiologists were untrained in sarcoma biopsies, had per-
formed few of them, and universally failed to obtain enough tissue. In large cancer 
centers where musculoskeletal radiologists work closer with their surgical oncolo-
gists, the biopsies can be performed by very experienced interventional musculo-
skeletal radiologists who understand and respect the importance of surgical planes 
of resection. When performed with appropriate CT or ultrasound guidance and with 
identification of important neurovascular structures and large tumor vessels, multi-
ple (6–10) large cores can safely be obtained [26]. CT may be more useful for deep 
bone biopsies. Ultrasound is faster and easily identifies vascular structures and may 
be preferable for more superficial soft tissue masses.

Fine needle aspirates are usually not satisfactory for demonstrating sarcoma 
micro-architecture, which can be critical to proper classification of the tumor. In our 
institution we have highly trained cytopathologists who can accurately evaluate the 
viability versus necrosis/hemorrhage of core biopsy samples. Areas showing hem-
orrhage or necrotic tumor can be avoided and the biopsy directed to other regions of 
tumor without utilizing a different puncture site. Using CT guidance, the more 
aggressive area of bone sarcoma can be identified and selectively biopsied. For 
example, areas of parosteal osteosarcoma that have a more lytic appearance should 
be biopsied rather than areas of bland osteosclerosis [7]. With dedifferentiated 
chondrosarcomas, the more aggressive areas are more likely to have soft tissue 
breakthrough and less bland appearing enchondroma chondroid appearance [3].

In addition, CT or ultrasound-guided biopsy can be scheduled same day or within 
a day or so of initial discovery. CT or ultrasound-guided needle biopsy does not 
require general anesthesia or operating room time; CT or ultrasound core biopsies 
are often done with moderate sedation with IV midazolam and fentanyl. After a 
needle core biopsy, there are no problems with wound healing and neoadjuvant 
chemotherapy, or radiation can be started immediately. The likelihood of procedural 
complication such as hematoma or infection from a needle biopsy in experienced 
hands should be much less than an open biopsy [6].

The technique of a CT or ultrasound-guided core needle biopsy of a potential 
sarcoma is different from a CT or ultrasound fine needle biopsy of a primary or 
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metastatic lung or liver cancer [24–26]. First, the biopsy of a possible sarcoma 
should be set up to obtain maximal core samples (6–10). The most common tumor 
biopsies of lesions from metastatic lung, breast, colon, or head and neck cancer are 
usually performed with a 22G needles. The route chosen for the biopsy is usually 
the “safest.” For example, a lung biopsy is performed with the biopsy pathway clos-
est to the pleural surface of the lesion, minimizing the risk of pneumothorax or 
hemorrhage. The performing interventional radiologist will identify his/her chosen 
approach at the time of the biopsy. In some cases as few as two or three passes may 
be diagnostic. Because only a few passes are made with 22G needle, sedation may 
not be required. The tissue diagnosis of a primary sarcoma is optimized by maximal 
core sample size and number. For soft tissue sarcomas, multiple 14 or 16G cores are 
obtained with a biopsy gun. For lesions near the skin surface that are easily palpa-
ble, this can be accomplished in the clinic setting; deeper soft tissue tumors require 
image CT guidance. Dense or sclerotic bone sarcomas may require a larger 8 or 11G 
bone needle to penetrate the cortex and penetrate through the sclerotic tumor 
(Fig. 5.5). Again, multiple large core samples are obtained. Because of the greater 
size of the needles and the number of needle passes required (four to six versus two 
or three passes), moderate sedation is required for patient comfort. Additionally, 
because large needle sizes are being used (8–16G versus 22G needle), the risk of 
tumor seeding of the tract is increased. Oncologic surgeons typically remove any 
previous incomplete surgical excision or biopsy tract of a proven sarcoma at the 
time of definitive surgery. If the core needle biopsy is not performed in the plane of 
resection, this might result in the need to perform a second incision at the time of 
resection. While most interventional experts recommend direct consultation with 
the treating oncologic surgeons and strict adherence to compartmental anatomy, 
there is a recent article suggesting not all biopsies must be done with strict adher-
ence to compartmental anatomy. This study, however, was performed by a highly 
skilled large musculoskeletal radiology group with excellent rapport with their sur-
gical oncologists [27]. We recommend all sarcoma biopsies be reviewed with a 
surgical oncologist before the procedure. For cases of potential sarcoma referred by 
a general physician, we consult with our surgical oncologists on a potential approach 
even if the patient is not known to them. According to Mankin, even today an inap-
propriate initial biopsy or partial excision of a sarcoma by a general surgeon, ortho-
pedic surgeon, or radiologist is still a common cause of complications resulting in 
additional surgery or even amputation [28, 29]. This study showed no improvement 
in mismanagement by initial biopsy or surgical approach over 14 years, and 19 
patients required amputation because of improper initial biopsy and surgery. It is 
still common that orthopedic oncologists are required to make a second incision at 
the time of definitive surgery because the initial open surgical or needle biopsy was 
not done near the expected surgical plane of resection.

Newer needles have dramatically improved the quality of core specimens 
obtained both for bone and soft tissue sarcomas. New bone needles have hand drill 
bits which allow much easier control and penetration of an intact cortex or sclerotic 
bone lesions. Many of these needles have just become available in the last several 
years. In general, for larger sclerotic bone tumors, we use bone core needles between 
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Fig. 5.5  A 54-year-old male with history of progressively enlarging mass of the right scapula. 
Previous limited open biopsy by general surgeon and core needle biopsy at outside hospital showed 
only benign fibro-osseous cells. CT biopsy showed low-grade osteosarcoma. But follow-up 
showed pulmonary metastases and repeated biopsy showed high-grade tumor. (a) CT shows large 
osteoid producing tumor in the body of the left scapula. Initial biopsies were benign. (b) Coronal 
MRI T1 post-contrast shows enhancing mass. (c) Axial MRI T1 post-contrast image shows central 
enhancement in the scapula at the level of the glenoid. (d) Repeat CT biopsy acquiring multiple 8 
gauge cores through the areas of enhancement and less dense osteoid matrix. (e) CT biopsy of the 
left lung for metastatic disease
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8 and 14 gauge. Newer soft tissue biopsy guns allow better quality and quantity of 
soft tissue cores and range from 14 to 18 gauge needles. Image-guided control and 
the ability to limit the 2.5 cm “throw” of the core sample allow improved safety.

The result today is that image-guided biopsies are equally accurate and safer and 
cost-effective than open biopsies [30].

We are often asked to perform a repeat biopsy on tumor cases where there has 
been a nondiagnostic limited partial resection or prior needle biopsy (Fig. 5.5). This 
is by no means a contraindication and often valuable if the previous biopsy went 
into hemorrhagic or necrotic areas, or large core samples were not obtained. The 
two most common scenarios include tumors with significant internal hemorrhage/
necrosis or lymphomas. Either scenario is common and does not mean that a large 
open biopsy must be performed. Lymphomas often require more tissue for flow 
cytometry and larger cores. Since lymphomas are on many occasions hypovascular, 
it is not unsafe to obtain several 14 or 16 gauge cores. Previous tumors that have 
been diagnosed as necrotic, hemorrhagic, or too scant viable cells for diagnosis 
require a different approach. Utilization of contrast-enhanced MRI or CT examina-
tions is very helpful. Studies are first done without contrast and then in the early 
arterial phase, venous phase, and, finally, delayed sequences. Areas showing the 
maximal amount of enhancement are the tumor areas most likely to contain viable 
tumor cells, and repeat biopsy should be specifically targeted to these regions. We 
often perform this type of contrast-enhanced CT exam immediately before the 
biopsy, as this significantly increases the yield of tumor diagnosis.

Another asset that is not used often enough is to have pathologists or specifically 
trained cytology technologists present at the time of the biopsy to review the mate-
rial during the biopsy (similar to a frozen section). Assessing viable tumor cells will 
then guide the radiologist performing more targeted CT-guided biopsy to those 
regions. While the availability of a skilled pathologist may not be practical in some 
places, it is extremely valuable and reasonably done at major centers with multidis-
ciplinary teams.

Asking the pathologists help in advance might enable the pathology department 
to provide support of the biopsy when they would not ordinarily be able to. For 
sarcomas in particular, the clinical and radiologic evaluations of these tumors can 
affect accurate tumor diagnosis and grading of the tumor. Pathologists must be 
given as much detailed information as possible. In cancer centers of excellence, 
radiologists and pathologists frequently confer on the imaging appearance of sarco-
mas, especially for osseous tumors. Having a pathologist routinely diagnose pri-
mary tumors of bone without benefit of the radiologic findings is unacceptable and 
can lead to errors in the primary tumor diagnosis and grade.

For optimal and consistent tumor biopsies, a dedicated team starting with an 
orthopedic oncologist is optimal. The musculoskeletal interventional radiologists 
must have a strong rapport with the oncologic surgeons. There must be give-and-
take. Occasionally, there are cases where the radiologists may feel a biopsy is not 
necessary due to the benign appearance of the lesion. However, the radiologist is not 
the one seeing the patient, who may have come from a far distance, with the expec-
tation that a definitive diagnosis requires a biopsy. This is frequently the only reason 
the patient was sent to the orthopedic oncologist to begin with. There are other cases 
where the radiologists may push to have additional imaging studies performed 
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before biopsy, many times trying to identify areas where there is maximal tumor 
enhancement and better assess tumor vascularity. A healthy respect for each physi-
cian with expertise in their specialty leads to better outcomes.

A general interventional radiologist may not have a strong experience in bone 
and soft tissue tumors. We have had brisk hemorrhages when atypical hemangiomas 
were aggressively core biopsied where a confidant musculoskeletal radiologist 
could have convinced the oncologist that a biopsy was not necessary. Most general 
interventional radiologists know little about orthopedic surgical planning and 
appropriate planes of biopsy approach, leading to potentially significant errors in 
management.

Other members of the orthopedic oncology biopsy service should include a dedi-
cated technologist who is familiar with the various bone needles ranging in gauge 
from 7 to 22G. There are many different bone needles with different advantages. For 
soft tissue sarcomas, we employ biopsy guns that range from 14 to 18 gauge. These 
needles each have different types of introducers, and since progressively large nee-
dles may be used during a biopsy if the tumor is not highly vascular, it is important 
to know what needles will fit through what introducers. The technologist should 
make sure various needles are available for each biopsy. In some cases of blastic 
lesions, a mallet may be used to get purchase and advance a needle. There are sev-
eral battery-powered drills that are useful to the bone radiologists, and the biopsy 
technologist should make sure they are charged and available. An interventional 
radiology nurse is also essential. Since many of these biopsies require core samples 
with large needles, moderate sedation is usually required for sarcoma biopsies. 
Frequently, patients with pathologic fractures may have extreme pain. The consent 
and “pause for the cause” is best done before these patients are moved. Moderate 
sedation and analgesia can be started before moving the patient onto a CT or ultra-
sound table. Most of our patients are far more comfortable leaving the CT or ultra-
sound suite than when they come in. An unsedated patient in pain will not tolerate 
8–10 cores, especially when pushing on a pathologic fracture site.

Lastly a biopsy coordinator is helpful for a busy biopsy service. Many patients 
may need to be scheduled urgently, and others may be traveling a long distance. 
Switches in the schedule may need to be made. For some musculoskeletal biopsies, 
particularly in older patients, anticoagulant medication such as Plavix (clopidogrel), 
Coumadin (warfarin), Lovenox (enoxaparin), and aspirin should be stopped. In 
some cases, the risk of stopping the medication may outweigh the risk of intrapro-
cedural bleeding. The scheduling coordinator can work with the nurse navigators of 
the orthopedic oncology service to address these issues as well as to answer patient 
questions. Another major role of the biopsy coordinator and the orthopedic oncol-
ogy nurse navigators and nurse practitioners is to help surmount the ever difficult 
insurance approval for the biopsy service. There are still payer plans that will not 
pay for a CT biopsy but ironically will pay for an open surgical procedure to the 
detriment of the patient. Working with the third-party payers to understand the ben-
efit (and cost savings) of CT or ultrasound-guided biopsy takes time and patience.

J. Jelinek and F. Beaman



61

5.4	 �Ablation of Unresectable or Recurrent Sarcoma

Various ablative technologies exist, including radiofrequency ablation (RFA), cryo-
ablation, microwave, laser interstitial thermal therapy, and focused ultrasound ther-
apy. Ablative therapies are becoming widely used in the treatment of recurrent 
sarcomas or for those sarcomas that are not resectable. Tumors may not be resect-
able because of tumor invasion of vital neurovascular structures or because the 
patient is frail and unable to tolerate definitive surgery. In addition, patients with 
repeated multiple recurrences may be best treated with ablative techniques (Fig. 5.6).

The most common musculoskeletal ablative application is for the treatment of 
osteoid osteomas. RFA is the gold standard with high success rates (often >90%) 
and requiring shortened convalescence in comparison to surgery [31]. Osteoid oste-
oma is a benign but painful bone tumor occurring primarily in young adults. The 
tumor nidus is targeted, and tissue necrosis is achieved through the application of 
high-frequency, alternating current producing lethal heat causing cellular death. 
RFA may also be used to ablate small tumors. This procedure is performed with CT 
guidance and will be briefly described. As the procedure is often painful, general or 
spinal anesthesia is required. Grounding pads must first be placed on the patient. 

a
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b

Fig. 5.6  A 54-year-old female with locally recurrent leiomyosarcoma despite multiple resections. 
Cryoablation performed for local control. (a) Axial T1-weighted MRI post-contrast shows enhanc-
ing tumor of the left gluteus muscles. (b) Cryoablation of the soft time mass performed. (c) Axial 
T1-weighted MRI 6 weeks post-cryoablation shows no residual enhancing tumor
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Then, under CT guidance, a bone biopsy needle is used for drilling into the bone. 
Once the lesion is entered, an insulating cannula is inserted through the guide nee-
dle. The insulating cannula must be placed within the center of the lesion. The metal 
bone biopsy needle is then withdrawn to avoid unwanted heating of the metal which 
could lead to potential soft tissue damage. The radiofrequency electrode is inserted 
through the insulating cannula and ablation performed. Pain management is required 
following ablation, with some institutions hospitalizing patients for one night to 
allow for adequate pain control.

Other applications of RFA include the treatment of osseous and soft tissue meta-
static lesions for disease control and pain relief. In patients with metastatic disease, 
complete surgical resection affords the best long-term survival, and long-term, 
intermittent treatment may be required. However, some patients may not be surgical 
candidates or may decline surgery. Various investigators have shown that percutane-
ous ablation offers a minimally invasive therapeutic option for controlling meta-
static disease and increasing disease-free survival. Nakamura et  al. evaluated 20 
patients with pulmonary metastasis secondary to musculoskeletal sarcomas [32]. In 
patients with complete tumor ablation, one and three-year survival rates increased.

Cancer-related pain is a pervasive challenge for oncologists, often uncontrolled 
or poorly controlled by conventional therapies including external beam radiation, 
surgery, systemic therapies, and analgesics. Following ablation, cancer pain man-
agement improves. Nair et al. showed significant reduction in patient’s baseline pain 
immediately following treatment and at six-week follow-up [33].

Cryoablation achieves cellular death through the application of extreme cold 
(Fig. 5.6). This system delivers argon gas through a closed-loop insulated probe 
placed into a lesion. The gas rapidly expands across an internal nozzle, causing a 
precipitous drop in temperature. Consequently, targeted tissues undergo a swift 
freeze with the formation of an ice ball. Following a determined length of freez-
ing, thawing is accomplished by infusion of helium gas into the probe. It is emerg-
ing as a therapeutic option in the treatment of metastatic disease to bone and soft 
tissues [34].

5.5	 �Follow-Up Strategies of Sarcomas

Sarcoma patients, after initial treatment, require meticulous follow-up to ensure 
they remain disease-free; this process requires details of the tumor location, the type 
of tumor, and likelihood of unusual metastatic sites. As a general rule, bone and soft 
tissue sarcomas are followed by MRI of the primary site and CT of the chest without 
contrast for detection of pulmonary metastasis [35]. As alluded to earlier, there are 
some tumors such as myxoid liposarcoma, leiomyosarcoma, Ewing’s sarcoma, and 
clear cell sarcoma which will spread to unusual sites including lymph nodes, peri-
toneum, and liver [18–20]. In general, high-grade tumors are more likely to recur 
earlier (at 6 months to a year), and lower-grade tumors may occur at a much later 
time. Early diagnosis of local recurrence and/or metastatic disease may improve 
long-term disease-free survival. Even pulmonary metastasis can be resected with 
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long-term survival especially if few in number. Newer chemotherapy options may 
delay the onset of recurrent tumor.

Ultrasound: Ultrasound imaging can be useful in the local assessment of recur-
rent tumor but is not often performed as the study is operator dependent and not as 
reliably consistent in terms of localization to the surgeon for resection. Indeterminate 
palpable lesions can be assessed and checked for vascularity and differentiated from 
a postoperative seroma or hematoma.

Computed tomography: CT, typically without contrast, is used for surveillance 
of pulmonary metastasis. In general, contrast does not help in the detection of pul-
monary nodules, and most sarcomas do not cause mediastinal or hilar adenopathy. 
A comment should be made about the increasing awareness of CT safety, especially 
when young patients are likely to receive many follow-up CTs of the chest. No CT 
should be performed unnecessarily particularly in children where the concern and 
potential risk is greatest. We should “Image wisely and gently.” The lowest possible 
diagnostic CT doses should be used. Pediatric CT doses should be much lower than 
adults. Although no study has demonstrated a proven case of cancer caused by diag-
nostic imaging, statistical studies show an increasing likelihood of potential carci-
nogenesis. Risks and benefits should be discussed with the patients and parents. The 
sarcomas of the pediatric population, including rhabdomyosarcoma, Ewing’s, and 
osteosarcoma, do have a very high likelihood of metastasizing to the lung. Early 
detection and treatment may be lifesaving. Modern CT scanners with new recon-
struction and software techniques can be used with a much lower radiation dose. 
Annual whole-body radiation dose from background radiation to a person living in 
the mid-Atlantic region of the United States is about 3 mSieverts. Those living in 
Denver or Santa Fe typically have an annual radiation dose of 6 mSieverts. CT scans 
of the chest should be performed in that dose range (3–6 mSieverts) or effectively 
the same as dose as living for a year. Pediatric CT doses should be even less. In 
addition to the risk of the pediatric population, not all parts of the body are equally 
sensitive to the carcinogenic risks of radiation. The breast and thyroid are among the 
most sensitive regions. Increasing usage of thyroid and breast shields is recom-
mended in the younger population. Finally, CT scans should not be repeated in the 
same setting. There is usually no reason to perform a CT scan for sarcoma follow-
up without and with contrast or multiple-phased dynamic contrast-enhanced CTs. 
This has a low diagnostic yield and doubles the radiation dose. The Center for 
Medicine Services (CMS) tracks hospital utilization for the frequency of perfor-
mance of CT scans performed without and with contrast as opposed to a study just 
done once. Radiologists should be able to confidently discuss with patients, parents, 
physicians, and other health-care providers how they are keeping radiation doses as 
low as possible. CT is lifesaving but must be, respectively, utilized with the lowest 
possible radiation dose.

Magnetic Resonance Imaging: MRI is the modality of choice for assessing local 
recurrence of bone and soft tissue tumors. MRI does not expose the patient to radia-
tion and provides both superior contrast and spatial resolution compared with CT or 
PET-CT. A small field of view as possible should be used to increase spatial resolu-
tion. The use of contrast is debatable but is commonly used in most places. Contrast 
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improves the confidence in a true negative or positive study and differentiates from 
post-operative findings of seromas and hematomas [36]. Not all seromas and hema-
tomas resolve in 6 months. Typically, MRIs are performed initially every 3 months 
after a surgery for high-grade lesions and every 6 months for lower-grade tumors. 
Immediate postradiation or post-operative MRIs should not be performed as resid-
ual edema and swelling lead to determinant results and worry both the patient and 
treating physician. Local recurrence is also unlikely in the immediate posttreatment 
period. Obviously if there is a compelling clinical finding, then imaging may be 
warranted. For those patients who cannot undergo MRI because of an active pace-
maker or implanted spinal cord stimulator, then CT with contrast may serve as an 
acceptable alternative.

Positron emission tomography: PET is now universally available combined with 
computed tomography (PET-CT) performed with the CT done at low resolution/low 
radiation dose for localization in most cases. In selected patients, the PET can be 
performed with high-quality contrast CT with excellent resolution [37]. The types 
of tumors that are approved by third-party payers for follow-up imaging are rapidly 
changing. Nonetheless, the frequency of follow-up imaging is usually limited to 
every 6 months to a year. For typical sarcomas such as osteosarcoma and malignant 
fibrous histiocytoma (undifferentiated pleomorphic sarcoma) where the follow-up 
assessment has been straightforward, e.g., an MRI of the local site and CT scan of 
the chest for pulmonary metastases, PET-CT may not have a role. However, patients 
with complicated advanced sarcomas such Ewing’s sarcoma or leiomyosarcoma, 
which can spread to the regional nodes, lung, liver, and/or bone, would likely benefit 
from follow-up PET-CT [23]. Of interest, some tumors may increase in size during 
treatment while paradoxically responding to therapy; this can be established by 
decreased SUV value on follow-up imaging [38].

The follow-up of patients with known metastatic disease should not be simply 
a description of findings. Radiographic assessment should include specific mea-
surements of the largest masses. Lymph nodes typically are measured by their 
short-axis dimension. Most research protocols follow a more systematic approach. 
The most widely used assessment follows Response Evaluation Criteria of Solid 
Tumors (RECIST) 1.1 criteria. These criteria include identifying the size and 
number of target lesions. Target lesions are most typically pulmonary nodules, 
liver masses, brain metastases, and lymph nodes. All but the lymph nodes are 
measured by their single greatest diameter. In the new RECIST 1.1 criteria, only 
two target lesions (decreased from five in the prior version) per organ are counted. 
A minimum size of 1 cm is required (otherwise it is considered a nontarget lesion). 
Only a total of five target lesions are counted. Lymph nodes are measured by their 
short axis and must be a minimum of 1.5 cm; lymph nodes measuring between 1.0 
and 1.5 cm are considered nontarget lesions. Without the use of PET-CT, lymph 
nodes less than 1 cm short axis are not considered pathologic. Other sites of meta-
static disease that are recorded as nontarget metastatic disease include sclerotic 
bone metastases, malignant pleural effusions, and malignant ascites. The total 
tumor burden is scored by a summation of the measurements of the target organ 
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greatest length and sum of the short-axis dimension of pathologic lymph nodes 
(>1.5 cm). It is useful for follow-up studies to be interpreted in a similar fashion 
to avoid confusion to accurately confirm tumor response or progression. 
Radiologists should be familiar with these criteria and dictate them in their 
reports. Likewise, specific formula-based percent increase or decrease in size of 
target lesions and lymph nodes is used to consistently classify tumor response as: 
complete response, partial response, stable disease, and progressive disease. In 
general terms, a complete response means that the target lesions have disappeared, 
and lymph nodes measure under 1.0 cm short axis. Stable disease is defined as 
less than a 20% change in total lesion sum has occurred. Progressive disease is 
present when the sum of lesions’ length has a greater than 20% increase and an 
absolute increase of at least 5 mm.

More recently, because of the new technology, newer classification schemes have 
been employed to formally assess tumor response. Newer classifications and modi-
fications include the use of PET-CT response. The appearance of a new lymph node, 
even if less than 1 cm in size, might be considered progressive disease if it is a new 
lymph node with a significant PET activity (SUV). In addition, many molecular-
targeted therapies discussed elsewhere in the book can cause significant internal 
hemorrhage, myxoid degeneration, and necrosis but without decreasing (or para-
doxically increasing) the overall tumor size. Classic examples of this response are 
seen in tyrosine kinase inhibitors such as imatinib (Gleevec) used for gastrointesti-
nal stromal tumors (GIST) or melanoma. Tumors undergoing internal necrosis or 
myxoid degeneration may paradoxically increase in size [39]. The Choi criteria 
therefore states that a greater than 15% decrease in lesion internal CT attenuation 
(density) may be included in a partial response to therapy even if the lesion increases 
in size. Whether newer MR characteristics such a diffusion imaging will be useful 
to assess response to therapy remains to be seen.

5.6	 �Multidisciplinary Approach with Advanced 
Musculoskeletal Radiologists and Interventional 
Radiologists

A multidisciplinary approach to cancer treatment affords the best long-term patient 
outcomes [40]. This approach also holds true in the diagnosis and treatment of bone 
and soft tissue sarcomas. While the members of a multidisciplinary sarcoma team 
may vary, a standard group may include orthopedic oncology, surgical/medical 
oncology, radiation therapy, radiology, pathology, and patient care coordinators.

Collaboration between radiology and pathology is critical in challenging and 
rare cases. Radiologic/pathologic concordance should be established in all cases. 
Conversely, discordance should require further evaluation prior to instituting defini-
tive therapy. While many musculoskeletal tumors have diagnostic pathologic 
appearances, pathologists also encounter nonspecific lesions which require descrip-
tion of cellular composition, mitotic rate, and stroma. Thus, radiologic features 
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suggesting an indolent versus aggressive lesion will aid in guiding the orthopedic 
oncologist with the surgical decision. The converse may also hold true with a non-
specific radiologic appearance but bland versus highly mitotic pathologic appear-
ance guiding the initial treatment plan.

In a national survey of oncology, radiation, and surgical clinicians, Wasif et al. 
confirmed that physician specialty is an important factor in shaping treatment rec-
ommendations [41]. Each subspecialist brings varying expertise, and thus, by com-
bining knowledge, the patient is afforded the best overall care in initial treatment, 
continued disease surveillance, and in cases of disease recurrence. Open discussion 
mitigates treatment bias. While individual physicians may offer differing options 
regarding the exact course of patient therapy, collaborative knowledge affords 
patients the best treatment pathway through consideration of different regimens 
including the eligibility of promising clinical trials [40–42]. As a specific example, 
we had a patient with an aggressive looking soft tissue tumor which on CT and 
MRI showed destruction of the femoral cortex. The patient had had a prior open 
biopsy that was read as benign. We repeated a CT-guided biopsy with multiple 
cores, and this also came back with similar pathology. Despite the fact that we had 
done the biopsy and the patient had had an open biopsy, we expressed strongly that 
the tumor was very likely malignant and that, if malignant, needed more aggressive 
management of the femur erosion. An open deep biopsy with an available muscu-
loskeletal pathologist on hand to review the frozen section was carefully planned. 
A more extensive surgery was also designed in case the tumor was malignant on 
frozen. The deep portion of the tumor was found to be a high-grade sarcoma, and 
a partial femoral resection was formed with a femoral prosthesis available for the 
planned resection.

There is no absolute formula for the creation of a multidisciplinary team; rather 
the key concept is providing best practice patient care through subspecialty exper-
tise. Teams usually meet in a conference setting, which may occur weekly, biweekly, 
or monthly. Frequency is determined by case volume. At our institutions, the ortho-
pedic oncologist serves as team leader by creating a list of patients for discussion 
and functioning as conference director. Any team member may present relevant 
cases. Patient care coordinators record recommendations and functions as patient 
liaisons navigating patients through various appointments and stages of their care.

The multidisciplinary approach is an effective tool to reach treatment con-
sensus and mitigate subspecialty bias, thus affording the best disease-free out-
comes [41, 42].
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6The Role of Surgery 
in the Multidisciplinary Care of Sarcoma

Robert M. Henshaw

6.1	 �Introduction

Primary malignant neoplasms of the musculoskeletal system, defined as sarcomas, 
arise from mesenchymal tissue and can occur at any age and in any location of the 
body. These tumors rank among the most uncommon neoplasms seen by physicians 
and are frequently mistaken for other conditions due to the fact that many physi-
cians remain unfamiliar with the presenting signs and symptoms of these rare 
tumors. Despite this, it is interesting to note that these rare tumors have historically 
garnered great interest in the medical profession due to their ability to reach extraor-
dinary size with resulting massive deformities and disabilities when left untreated 
(Fig. 6.1). The natural history of a sarcoma is characterized by unrelenting circum-
ferential growth and metastatic spread via hematologic pathways. In extremity loca-
tions, unchecked growth of the tumor can lead to disabling pain (from compression 
and secondary involvement of peripheral nerves) and expansion of the tumor 
through the skin (tumor fungation), resulting in persistent bleeding and subsequent 
secondary infection of the exposed tumor (Fig. 6.2). Prior to the introduction of 
effective adjuvant treatments, sarcoma patients would often turn toward surgeons in 
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Fig. 6.1  Neglected osteosarcoma can grow to astonishing proportions, often requiring drastic inter-
vention. (a) Young male with untreated osteosarcoma unable to walk as his arm was bigger than his 
chest. (b) X-ray demonstrating massive bone formation. (c) Palliative forequarter amputation was 
performed, allowing him to independently ambulate and leave the hospital. He eventually succumbed 
to metastatic disease. (d) Young woman unable to ambulate or lay down due to massive osteosarcoma 
of the leg. (e) Resection specimen after palliative amputation demonstrating massive tumor dwarfing 
of her knee joint, femur, and tibia. Amputation allowed her to ambulate and leave the hospital

Fig. 6.2  Fungating 
undifferentiated soft tissue 
sarcoma destroying the 
hand and axilla in a 
6-month-old, progressing 
on chemotherapy. Parents 
were unable to hold him 
due to the size and weight 
of his hand; palliative 
forequarter amputation 
permitted him to be held 
and to leave the hospital
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the hope of having the tumor removed. Experienced surgeons recognized the futility 
of incomplete resections (debulking procedures), which often hastened fungation of 
the tumor as it recurred through the surgical site (Fig. 6.3). Accordingly, surgeons 
were forced to perform major amputations, such as hemipelvectomy (hindquarter 
amputation) (Fig. 6.4) or scapulothoracic disarticulation (forequarter amputation) 

Fig. 6.3  Tumor fungation 
seen on referral after an 
unplanned intralesional 
excision of a mass 
involving the index 
fingertip. Treated with an 
amputation through the 
middle phalanx

a b

c d

Fig. 6.4  Anterior flap hemipelvectomy. (a) A full-thickness pedicle flap consisting of the quadri-
ceps muscles and anterior skin is raised with the superficial femoral vessels (looped with Penrose 
drains). (b) The flap is positioned over the pelvic defect, taking care to avoid kinking the vessels. 
(c) Resection specimen showing the hemipelvis and lower extremity with the anterior defect from 
the flap (arrow). (d) Postoperative x-ray showing the flap outlined by skin staples

6  The Role of Surgery in the Multidisciplinary Care of Sarcoma



72

(Fig. 6.5), for any and all patients presenting with such masses in the hopes of con-
trolling disease and improving (palliating) patient’s quality of life. Frequently, 
patients treated with such aggressive surgical techniques would succumb to the can-
cer due to metastatic spread beyond the area removed by the surgeon. However, a 
small but measurable number of patients would survive beyond 5 years, helping to 
justify the role of surgery in these diseases; data for patients with primary sarcoma 
of the bone, defined as osteosarcoma, showed an expected survival after radical 
amputation around 20% at 2 years [1].

The advent of radiographic imaging along with the introduction of histologic 
analysis by pathologists started a slow but progressive revolution in the manage-
ment of these malignancies. A key step was taken by James Ewing, a pathologist at 
General Memorial Hospital (the forerunner to the Memorial Sloan Kettering Cancer 
Center), who in 1921 published a case series on “diffuse endothelioma of the bone” 
[2], (later named as Ewing’s sarcoma of the bone by Dr. Ernest Codman), where he 

a b

c

Fig. 6.5  Forequarter amputation of 6-month-old boy (Fig.  6.2). (a) A fasciocutaneous flap is 
raised from the posterior arm prior to the amputation. (b) Resection specimen demonstrating 
shoulder girdle and upper extremity with a defect from raising the flap (arrow). (c) Coverage of the 
chest wall with the posterior flap
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differentiated this aggressive round cell tumor from other musculoskeletal tumors 
that featured a spindle cell appearance. He demonstrated that patients with this spe-
cific tumor would clinically respond to exposure to radiation from the newly avail-
able radioactive element radium, differentiating it from osteosarcoma, laying the 
foundation for radiotherapy as a form of adjuvant treatment for sarcomas [3]. Of 
interest, Ewing established one of the first funds for cancer research and founded 
the American Association for Cancer Research in 1907, now known as the American 
Cancer Society.

Despite poor survival with amputation, surgeons of that era had already begun 
investigating the role of conservative “limb-sparing” surgery for low-grade tumors. 
Building on the early pioneering work of Dallas Phemister who introduced key 
concepts in limb-sparing surgery in the 1940s [4, 5], Frank Parrish reported the use 
of large bone grafts to reconstruct defects following the local resection of bone 
tumors [6], while Ralph Marcove reported the use of liquid nitrogen (cryosurgery) 
in the treatment of primary and metastatic bone tumors [7]. Surgical advances were 
also reported in the treatment of sarcoma metastases; Judson McNamara demon-
strated that pulmonary resection for isolated metastatic osteosarcoma to the lungs 
was potentially curative [8]. The discovery of effective chemotherapy agents, such 
as Adriamycin and methotrexate, offered new hope to patients with osteosarcoma 
[9]. Advances in imaging included the use of angiography to evaluate tumor vascu-
lature [10], the development of computerized axial tomography (CT scan) by 
Hounsfield [11] and Ambrose [12], and the introduction of the technetium (Tc99m)-
labeled polyphosphate bone scan by Subramanian [13]. All of these imaging 
modalities provided surgeons with new methods of visualizing the anatomy of a 
given tumor and its relationship to the surrounding anatomic structures within the 
surgical field.

These advances led to increased interest in limb-sparing surgery, driven by 
improved understanding of anatomy and a new confidence in techniques for limb 
reconstruction. William Enneking introduced the resection-arthrodesis technique of 
limb salvage, using local bone grafts combined with intramedullary rods to replace 
and fuse the knee following limb-sparing tumor resections [14] (Fig. 6.6). Henry 
Mankin demonstrated that large defects could be reconstructed with massive homol-
ogous bone grafts (allografts) [15] (Fig. 6.7). Ralph Marcove reported that massive 
metallic implants (endoprostheses) could be used to replace the entire femur and the 
knee [16]. Gerald Rosen, working with Ralph Marcove, introduced the concept of 
preoperative (induction) chemotherapy, which enabled treatment while patients 
were waiting for the manufacturing of a custom limb salvage implant [17]. Donald 
Morton and Frederick Eilber reported on successful limb-sparing resection for soft 
tissue sarcomas when combined with chemotherapy and radiation [18] and began 
asking if amputation was always necessary for sarcomas [19]. The same advances 
in imaging and chemotherapy driving limb-sparing surgery also led to further inter-
est in surgery for metastatic disease involving the lungs [20, 21].

This brief historical overview illustrates the cascading and synergistic effects of 
different subspecialties upon each other. The interrelationship between surgeons, 
medical oncologists, radiation oncologists, pathologists, and radiologists becomes 
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increasingly critical as advances in each individual specialty impact and drive inno-
vation in the other specialties. This was the impetus behind the development of 
multidisciplinary treatment teams for sarcoma. The surgical specialist has become 
the de facto gatekeeper of the treatment team by virtue of the fact that patients with 
masses are often first referred to a surgical specialist for initial evaluation. The intro-
duction of cancer centers on a regional and now community basis has helped further 
the central role of the surgeon in the care of these patients. Today, the orthopedic or 
surgical oncologist must be prepared to diagnose patients and help them (and their 

a b

Fig. 6.6  (a) AP radiograph and (b) lateral radiograph of a long-term survivor of osteosarcoma 
treated with a resection arthrodesis performed by Enneking 45  years ago with a full-length 
Sampson rod and ipsilateral fibular autograft bridging the skeletal defect
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families) understand and navigate multiple specialties (not to mention the current 
healthcare system) to ensure appropriate and timely treatment for their disease.

As members of the MedStar Orthopedic Institute and the MedStar Georgetown 
Oncology Network, our service provides patient care in a comprehensive cancer 
center featuring a fully implemented multidisciplinary team approach at the MedStar 
Washington Cancer Institute and at Children’s National Medical Center. Per our 
departmental surgical database (as of January 2016), our group has operated on 
5813 patients with musculoskeletal tumors, including 3450 patients with cancer 
(1896 bone and 1554 soft tissue); the majority of these cases have been performed 
by the author. Of the cancer patients, only 8% required an amputation, for an overall 
limb salvage rate of 92%. This large clinical experience provides the basis for much 
of the information included in this chapter.

Fig. 6.7  Massive 
osteoarticular allograft 
reconstruction of the 
proximal tibia in a 
7-year-old boy after 
resection of an 
osteosarcoma. The graft 
eventually fractured and he 
was successfully converted 
to a proximal tibial 
endoprosthesis
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6.2	 �Surgical Evaluation of Sarcoma Patients

The typical sarcoma patient seeks medical attention after becoming aware of a mass 
or after experiencing a new onset of pain or discomfort. In the case of soft tissue 
sarcomas, which frequently present without pain (at least until tumor growth results 
in nerve irritation or compression), patients may ignore a mass for weeks or months 
due to the lack of any other symptoms. A primary care (or urgent care) physician is 
frequently the first medical practitioner the patient sees, although alternatively some 
patients may be seen by chiropractors, podiatrists, physical therapists, massage 
therapists, or physical trainers who discover a mass while laying hands on the 
patient. Delays in referral may be due to lack of patient concern, denial of a physical 
problem, or lack of recognition that a painless mass may be more than a simple 
lipoma. Once a patient has been referred to a surgical specialist, it is incumbent 
upon the surgeon to perform a detailed physical exam and obtain pertinent clinical 
history in order to identify a potential sarcoma. During the initial evaluation, plain 
radiographs of the affected site can often provide significant clues as to the nature 
of the problem, particularly when the tumor arises from or involves the bone. 
General surgeons and orthopedists must be prepared to recognize a potential sar-
coma and be willing to make an appropriate referral to an oncologic subspecialist 
prior to performing invasive testing or biopsy. Studies have shown that inappropri-
ate procedures and/or biopsies remain a leading cause of amputation in cases other-
wise suited to limb-sparing surgery due to unplanned contamination of multiple 
surgical compartments [22]. It is the position of the Musculoskeletal Tumor Society 
(MSTS) that the physician arranging for or performing a biopsy of a suspected sar-
coma be prepared to perform the definitive surgical resection in the advent of a 
musculoskeletal malignancy.

Physical examination of the patient by the surgical specialist requires a detailed 
knowledge of anatomy and surgical compartments. Tumor characteristics including 
size, shape, texture, and mobility are often readily apparent with careful palpation 
of the mass. Assessment of vascular and neurologic status is important, particularly 
in planning a biopsy and subsequent surgery. Detailed history and physical exami-
nation of the entire body is important to rule out multifocal conditions, such as 
lipomatosis or neurofibromatosis, skip lesions/metastases, and other medical condi-
tions that have potential bearing not only on the diagnosis but also on patient suit-
ability for surgical resection. This assessment serves to confirm the suspicion of a 
musculoskeletal neoplasm and provides a rational basis for appropriate advanced 
imaging and biopsy techniques as discussed in more detail in Chap. 5. Imaging 
should include the entire mass as well as its anatomically relevant compartment; for 
plain radiographs, this should include the joint above and below the tumor, while for 
MRI and CT scans, the field of view should include the entire muscular compart-
ment in which the tumor resides. Additional imaging for the purposes of staging 
routinely includes a high-resolution chest CT (in preference to chest x-ray) as well 
as bone scan or PET/CT in selected cases. Preliminary planning for surgical inter-
vention can be discussed with the patient, who often can be reassured that treatment 
options exist and that they are not alone in having such a problem. Patients often 
relate that uncertainty in diagnosis and delays in being referred to a qualified 
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specialist are some of the most stressful portions of their interaction with the health-
care system. The role of the surgeon includes addressing the anxiety, fear, and con-
cern of patients and their families with regard to their potential treatment. Mid-level 
practitioners working with the surgeon can be instrumental in providing such sup-
port, as detailed in Chap. 17.

Following the initial encounter, a diagnostic biopsy to confirm the presence of a 
sarcoma as well as its grade needs to be performed. For some patients, the biopsy 
can easily be performed at the same time as the initial evaluation in the clinic. 
Patient selection is critical in deciding who can undergo a successful office-based 
procedure. The goal is to obtain diagnostic tissue with minimal contamination of 
adjacent compartments that might interfere with definitive surgical resection. In 
general, tumors that can easily be palpated in the extremities and that are not involv-
ing neurovascular structures can easily be sampled with a core needle without radio-
graphic imaging [23]. This technique requires proper sterilization/prepping of the 
skin, the use of a local anesthetic such as 1% lidocaine, and a large gauge core 
biopsy needle that can be inserted several times into the mass in order to harvest 
adequate tissue for pathology (Fig. 6.8). Occasionally, tumors that involve or extend 

a b

Fig. 6.8  (a) Glass slide showing multiple sections of a core needle biopsy. (b) Low-power micro-
scopic view of the slide demonstrating the preserved architecture of the tumor. The relationship 
between neoplastic cells, stromal cells, and extracellular matrix is critical to the proper diagnosis 
of musculoskeletal tumors
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beyond the skin can be biopsied most readily using a dermatologic punch biopsy 
[24]. Harvested material must be placed into an appropriate specimen container for 
transport to pathology. This technique is also suited to obtaining additional cores for 
research or genetic studies in selected cases. Following the biopsy, it is necessary to 
apply appropriate pressure for at least 5 min followed by a compression dressing in 
order to minimize the risk of post-procedure hemorrhage and/or hematoma forma-
tion. Patients suitable for this technique should be mature enough to follow direc-
tions and remain calm during the entire procedure. Young patients or patients who 
have significant pain or those who demonstrate substantial anxiety are best served 
by scheduling a biopsy to be done with appropriate sedation.

Patients requiring sedation and/or imaging guidance to ensure proper placement 
of the biopsy needle are referred to our institutional biopsy service, comprised of 
interventional radiologists and nurse anesthetists trained in the techniques of percu-
taneous biopsy as well as a pathologist to ensure adequacy of the sample and proper 
handling of the biopsy material. An essential component to this referral is proper 
and detailed communication between the surgeon and the biopsy team to ensure 
proper placement of the biopsy needle in order to avoid any potential difficulty in 
surgical resection. Our biopsy team makes a determination of the biopsy when it is 
initially scheduled with review of the pertinent imaging studies and reconfirms this 
plan with the surgeon at the time of the biopsy itself. This communication is vital to 
quality control and minimizes the risk of an inappropriate or nondiagnostic biopsy.

The technique of needle biopsy is applicable to the vast majority of patients pre-
senting with a sarcoma. However, patients with cystic or hemorrhagic tumors present 
significant challenges as attempts to obtain tissue through a needle are hampered by 
the fact that the tumor volume may be small and confined to the walls of the lesion and 
that large amounts of fluid may be present. Such patients are best served by undergo-
ing a more traditional open incisional biopsy in order to maximize the likelihood of 
obtaining diagnostic material at the time of the procedure. In either case, the presence 
and active involvement of a pathologist who can determine with touch preps and/or 
frozen sections that diagnostic material is present help to ensure the success rate of the 
diagnostic biopsy. Patients scheduled for biopsy, regardless of technique, are coun-
seled to understand that a definitive diagnosis often requires the use of immunohisto-
chemical stains and other advanced techniques prior to the assignment of a definitive 
diagnosis, a process that can take several days to several weeks when outside patho-
logic consultations are obtained in rare challenging cases. This time interval is often of 
great anxiety to the patient and family as they are aware of the likelihood of a cancer 
diagnosis but remain uncertain as to the likely treatment plan, while uncertainty exists 
regarding the type and grade of the tumor. One useful technique in reducing patient 
anxiety is to utilize this time window for the additional imaging studies and consulta-
tions that are often required prior to the implementation of a definitive treatment plan. 
By keeping the patient actively busy and involved in their own care, patients remain 
aware that their time is being utilized efficiently and that delays in the implementation 
of treatment will be minimized once a definitive diagnosis has been made.

Following the confirmation of a histologic diagnosis, the surgeon plays an essen-
tial role in guiding the patient to a definitive treatment plan. This may include the 
use of preoperative or neoadjuvant therapies such as chemotherapy and/or radiation 
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therapy, which can facilitate eventual surgical resection through reduction of tumor 
volume and thickening and sterilization of the surrounding pseudocapsule [25]. The 
mainstay of all sarcoma treatment includes surgical resection of the primary tumor, 
as chemotherapy and conventional radiotherapy in isolation are inadequate to 
achieve long-lasting cure in patients. Surgery performed with the intent to cure 
requires complete removal of the entire tumor as an en bloc resection specimen. The 
relevant regional anatomy determines what tissues or structures must be sacrificed 
to achieve this goal. Surgical resection in an extremity can take the form of an 
amputation, or can be performed using techniques of limb salvage. Even in cases 
where patients present with metastatic disease, surgical resection of the primary 
tumor often remains an important part of that patient’s management as local control 
is often necessary for quality of life and palliation of symptoms.

Definitive radiotherapy, particularly using techniques that minimize surrounding 
tissue damage (e.g., intensity-modulated radiotherapy with three-dimensional con-
formal planning), can be used in selected patients with curative intent when patients 
are not suitable for surgery due to medical comorbidities or in rare cases where 
patients may refuse surgical management [26]. The use of radiosensitizing agents 
such as ifosfamide can improve outcomes in such cases [27]. It is important to note 
that observation in cases where limb-sparing surgery cannot be performed may lead 
to dismal quality of life and the likelihood of an emergency amputation due to uncon-
trolled growth of the tumor and its sequelae of deformity, pain, vascular and neuro-
logic compromise, tumor fungation, and uncontrolled bleeding. It may be extremely 
difficult for a patient to understand why a planned amputation may be in their best 
interest at the time of their diagnosis. Such cases present significant challenges to 
both the surgeon and the patient and often require multiple encounters and discus-
sions to ensure full agreement and participation in the recommended treatment plan.

6.3	 �Limb-Sparing Surgery

The majority of patients with a newly diagnosed sarcoma will undergo surgical 
resection of the mass. Historically, this required amputation of the involved limb 
well above the area affected; tumors not involving the extremity often could not be 
treated. Enneking introduced the concept of surgical margins based upon the defini-
tion of a surgical compartment and the relationship of the surgical resection plane 
relative to the pseudocapsule or reactive zone of the tumor [28]. This straightfor-
ward classification provided a framework for surgeons to plan and perform onco-
logically sound resections of the tumor. Frustration with the results of immediate 
amputation led to efforts in performing less radical surgery particularly for tumors 
that were not rapidly growing as outlined previously.

However, the concept of limb-sparing surgery only really began to take fruit 
in the1970s, spearheaded by several simultaneous advances in imaging, medical 
oncology, and surgery. A significant foundation for limb-sparing surgery was the 
discovery of the effectiveness of chemotherapy agents, particularly doxorubicin 
(Adriamycin) and methotrexate, which offered new hope for patients diagnosed 
with osteosarcoma [29] and eventually other sarcomas. Advances in imaging 
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included the use of angiography to evaluate tumor vasculature [10], the develop-
ment of computerized axial tomography (CT scan) by Hounsfield [11] and Ambrose 
[12], and the introduction of the technetium (Tc99m)-labeled polyphosphate bone 
scan by Subramanian [13]. All of these imaging modalities provided surgeons with 
new methods of visualizing the anatomy of a given tumor and its relationship to the 
surrounding anatomic structures within the surgical field. These advances laid the 
groundwork for a new understanding of the biologic behavior and growth patterns 
of sarcoma and permitted surgeons to prepare and plan for procedures that previ-
ously were deemed too risky.

With these advances in place, William Enneking introduced several concepts that 
placed surgical management of sarcomas on a scientifically sound basis. One of the 
key elements he introduced was the concept of a surgical compartment, ranging from 
a single entire bone or muscle to entire muscle groups confined by strong fascial 
boundaries [28]. The recognition that sarcoma growth was frequently limited by fas-
cial boundaries and the ability to demonstrate compartmental involvement using the 
newly introduced imaging techniques allowed surgeons to plan for precise resections. 
Enneking created a framework for classifying and defining the type of resection per-
formed using the concept of the tumor pseudocapsule (reactive zone) as a delineation 
between the tumor and the surrounding tissue. For the first time, surgeons could eas-
ily understand how an amputation, if it violated the tumor pseudocapsule, could eas-
ily fail to control the disease with local recurrence occurring within the amputation 
stump. This classification of surgical margins allowed surgeons to understand and 
convey information in a reproducible fashion, further advancing efforts to perform 
limb-sparing surgery. Enneking also showed that the risk of local recurrence follow-
ing removal of the tumor varies not only on the grade of the tumor but also on the 
type of resection that was performed [28]. This data help to validate the scientific 
underpinnings of his classification scheme, leading to its widespread adoption by 
surgeons performing limb-sparing resections (limb salvage surgery) for patients with 
malignant tumors. Enneking introduced a surgical staging system for musculoskel-
etal tumors with individual stages dependent upon the tumor grade and whether it 
was confined to a single compartment [30]. He subsequently used the staging sys-
tem to analyze his clinical experience and showed that a patient’s surgical stage was 
prognostically significant with regard to their oncologic outcome [31]. These tools 
formed the basis by which surgeons could select appropriate patients for limb-sparing 
surgery.

In addition to this fundamental framework, Enneking introduced a method of 
reconstructing skeletal defects around the knee following tumor resection which he 
termed as resection arthrodesis, consisting of local bone grafts combined with intra-
medullary rods to replace and fuse the knee following limb-sparing tumor resec-
tions [14]. Around the same time, Henry Mankin demonstrated that large defects 
could be reconstructed with massive homologous bone grafts (allografts) [15], and 
Ralph Marcove reported that massive metallic implants (endoprostheses) could be 
used to replace the entire femur and the knee [16]. While many traditional surgeons 
criticized these efforts at putting patients’ lives at risk, careful analysis of patient 
outcomes showed otherwise. Results from the first International Society of Limb 
Salvage (ISOLS) meeting in 1981 were later summarized by Enneking as such: 
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“532 resections were reported with a local recurrence rate of 18% and a surgical 
failure rate in reconstruction of 15% for an overall failure rate of 1 in 3 attempts” 
[32]. After the 1989 ISOLS meeting, he noted: “more than 2,500 resections were 
reported with a combined local recurrence and surgical failure rates of 1  in 10 
attempts—a remarkable decrease in the short span of one decade” [32].

In addition to his work with bone sarcomas, Enneking also showed that his con-
cepts of resection margin and compartmental status were valuable in the treatment 
of soft tissue sarcomas [33]. Donald Morton and Frederick Eilber reported on suc-
cessful limb-sparing resection for soft tissue sarcomas when combined with chemo-
therapy and radiation and began asking if amputation was always necessary for 
sarcomas [19]. The introduction of magnetic resonance imaging (MRI), based on 
the Nobel prize-winning work of Lauterbur and Mansfield [34] and approved by the 
FDA in 1984, gave surgeons an unprecedented and noninvasive look into patient 
and tumor anatomy. Multiaxial imaging with the ability to distinguish abnormal 
from normal tissue allowed surgeons to plan limb-sparing oncologic resections in 
areas of significant anatomic complexity such as the shoulder girdle and the pelvis. 
Similar progress was seen in efforts to resect retroperitoneal sarcomas, where com-
plete resection was associated with significant improvements in survival [35]. 
Anatomic imaging also allowed surgeons to plan and perform effective oncologic 
resections based upon sound anatomic principles for tumors of the spine.

6.4	 �Endoprosthetic Reconstruction

A significant advance in the medical treatment of sarcomas was the use of preopera-
tive (induction) chemotherapy, introduced by Gerald Rosen while working with 
Ralph Marcove, which enabled treatment of the tumor while patients were waiting 
for the manufacturing of a custom limb salvage implant [17]. This helped to spur the 
acceptance of endoprosthetic reconstruction as a means of limb-sparing surgery for 
patients with large skeletal defects. Interest in endoprosthetic reconstruction 
attracted the attention of engineers and implant manufacturers, leading to an evolu-
tion from unique custom implants requiring weeks of manufacturing lead time to 
modular implants featuring off the shelf flexibility in matching patient anatomy 
with improved manufacturing quality controls [36, 37]. The introduction of modular 
implants led to a significant change in reconstructive trends away from allograft 
reconstruction, which was prevalent in the 1980s, toward endoprosthetic recon-
struction in the 1990s [32]. Data presented at the 2007 ISOLS meeting showed that 
the majority of sarcoma patients were candidates for limb-sparing surgery, with 
satisfactory functional outcomes doubled than that of amputation [32].

Early adopters of modular implants demonstrated that this form of reconstruc-
tion offered significant advantages, including improved patient outcomes and early 
return to function [38]. Subsequent studies have reported the long-term outcomes of 
these implants, demonstrating excellent survival compared to custom implants while 
noting that mechanical failures, now rare, have been replaced by aseptic loosening 
and infection as the most common forms of implant failure [39]. Recent work has 
focused on solving these specific issues, particularly aseptic loosening [40]. Rapid 
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implementation of changes has been facilitated by the modularity of implant sys-
tems as improved design concepts can be incorporated into existing proven implant 
systems by creating a new component(s) that joins with the existing system, leading 
to improved implant survival [41, 42]. Wide variations in the rate of aseptic loos-
ening of cemented stems have been reported by various centers; mechanical fac-
tors and cement technique may account for these differences, with best results seen 
when stem sizes are matched to patient anatomy [40]. Porous-coated uncemented 
stems have been introduced to avoid aseptic loosening, paralleling trends seen in 
total joint arthroplasty [43, 44]. A new method of biologic fixation, compressive 
osteointegration, was introduced to address stress shielding seen in total joints with 
mechanically rigid stems by creating significant mechanical loads directly at the 
implant/cortical bone junction through a novel loading mechanism [45]. This device 
has subsequently been incorporated into a modular endoprosthetic system for limb 
salvage after tumor resection [46] and may reduce the risk of aseptic loosening [47] 
(Fig. 6.9).

a b

c d

Fig. 6.9  Compressive osteointegration demonstrated using a Biomet (Warsaw, IN) Compress limb 
salvage system. (a) Porous-coated spindle that matches the machined end of the bone, designed 
to permit bone ingrowth between the cortical bone and the implant. (b) The spindle is secured to 
the bone by an anchor plug fixed intramedullary with transfixion pins (arrows). (c) X-ray showing 
a standard anchor plug with bi-cortical transfixion pins. (d) The spindle is loaded (compressed) 
against the bone using a Belleville washer spring mechanism located in the spindle (arrow)
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Significant advances have occurred in implants designed to address unique chal-
lenges encountered in anatomically complex locations as well as in skeletally imma-
ture patients. While allograft reconstructions may still be considered by some, the 
introduction of mechanically reliable implants continues to drive the increasing accep-
tance of endoprosthetic reconstruction. Improvement in designs, surgical techniques, 
methods of fixation, and new joint articulations continue to be introduced, often as 
modifications to more conventional total joint arthroplasty. For example, shoulder 
stability following proximal humeral resection can now be significantly improved 
with the adoption of a reverse total shoulder replacement articulation, originally intro-
duced for patients with massive rotator cuff tears [48] (Fig. 6.10). Successful endo-
prosthetic reconstruction has been performed for segmental replacements of complex 
joints such as the scapula (shoulder) [49], elbow [50], acetabulum (hip) [51] and 
ankle [52], and even smaller bones such as the ulna (Figs. 6.11, 6.12, 6.13, and 6.14).

Similarly, expandable implants for skeletally immature patients where loss 
of growth plates would result in a significant limb length discrepancy have also 
undergone significant advances. Originally described by Lewis in 1986 [53], 

b
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Fig. 6.10  Proximal humeral replacements have suffered from instability/dislocation as well as poor 
active function of the shoulder; their primary benefit is to stabilize the upper arm so that patients 
can perform useful activities with their hand. (a) The reverse total shoulder arthroplasty, originally 
designed for shoulder replacement in the rotator cuff-deficient patient, can be used in conjunction 
with a proximal humeral replacement as seen with this Biomet (Warsaw, IN) Compress endopros-
thesis. It offers superior stability and improved function following repair of the deltoid insertion by 
providing a stable fulcrum for the arm to actively abduct against. (b) Resection specimen from this 
patient with a high-grade chondrosarcoma arising from the proximal humerus. (c) Postoperative 
xray showing relationship of the scapula and glenoid hemisphere to the proximal humeral implant
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Fig. 6.11  Total scapula replacement with a constrained shoulder joint, Stryker/Howmedica 
(Mahwah, NJ) GMRS system, for reconstruction following resection of the scapula. (a) Resection 
specimen and implant. (b) X-ray demonstrating relationship of the scapular implant to the chest 
wall and lateralization of the shoulder arthroplasty

a b

Fig. 6.12  Tumors involving the distal humerus are rare, but can benefit from modern endopros-
thetic reconstruction. (a) Distal humeral replacement following resection of the distal humerus and 
(b) follow-up x-ray showing a Biomet (Warsaw, IN) Discovery elbow combined with a Compress 
limb-sparing system

R.M. Henshaw



85

ba

Fig. 6.13  Reconstruction of the acetabulum following tumor resection poses multiple challenges 
due to the complex anatomy and the risk of infection. (a) Combined type II/III pelvic resection 
specimen for a pelvic chondrosarcoma with a trial periacetabular replacement (PAR, Stryker/
Howmedica (Mahwah, NJ)) and (b) follow-up x-ray showing positioning of the pelvic component 
on the residual ilium with restoration of the hip position and center of rotation. Depending on the 
amount of tissue saved, patients with a PAR reconstruction can achieve function similar to a total 
hip replacement

a b

Fig. 6.14  Custom endoprosthetic reconstruction can be utilized in a number of unusual locations, 
as determined by the oncologic needs of the patient. A 16-year-old girl with a soft tissue sarcoma 
secondarily destroying the proximal ulna underwent wide resection, which necessitated sacrifice 
of the ulnar nerve. (a) Custom proximal ulnar replacement with a Biomet (Warsaw, IN) Discovery 
elbow for reconstruction of the skeletal defect. (b) Follow-up x-ray at 5 years showing positioning 
of the implant

expandable implants have traditionally required multiple operative procedures 
to physically access the expansion mechanism and frequently suffered mechani-
cal failure [54]. Modern versions of this expansion system utilize an internal 
screw mechanism adjusted by a percutaneously inserted screwdriver (Fig. 6.15). 
Recent designs have incorporated noninvasive mechanisms utilizing external 
electromagnetic fields which transcutaneously activate internal mechanisms 
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Fig. 6.15  Custom 
mechanically expandable 
proximal femoral 
replacement, Biomet 
(Warsaw, IN), for 
replacement of the 
proximal femur in a 
4-year-old with Ewing’s 
sarcoma. This implant can 
be lengthened using a 
percutaneously inserted 
screwdriver to turn a worm 
gear along the lateral 
surface of the implant 
(arrow)

a b

c

Fig. 6.16  Noninvasive expandable implants are activated by an externally applied power source. 
The FDA approved Repiphysis implant from Wright Medical (Memphis, TN) features an internal 
spring mechanism held in compression until released by an externally applied radio-frequency 
coil. (a) Radio-frequency coil. (b) Repiphysis distal femoral replacement, demonstrating its unique 
plastic housing that surrounds the internal mechanism. (c) Patient undergoing lengthening of the 
distal femur. Older children can often be treated without sedation, with an average of 4 mm length 
achieved per session
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within the implant to incrementally lengthen the implant in a controlled fashion. 
Examples include the use of a radio-frequency coil to release a compressed inter-
nal spring mechanism [55] (Fig. 6.16) and a magnetic field generator to power 
an internal motor coupled by gears to the expansion mechanism [56] (Fig. 6.17). 
Engineering challenges such as the durability of the internal expansion mecha-
nism [57] (Fig. 6.18) and compatibility issues with MR imaging remain for these 
implants [58].

Today, significant emphasis has been placed on the development of techniques 
and strategies designed to lower the risk of surgical site infections. The inci-
dence of infection following massive endoprosthetic reconstruction in an oncol-
ogy population is approximately ten times of that seen following routine total 
joint arthroplasty [39]. Host factors such as relative immunosuppression due to 
chemotherapy, effects of radiation on local tissue, and indwelling long-term cen-
tral catheters as well as surgical factors including extensive surgical approaches, 
blood loss requiring immunosuppressive allogenic blood transfusions, and the 
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Fig. 6.17  The FDA-approved JTS extendible prosthesis by Stanmore Implants (Elstree, UK) uses 
an internal motor induced by an external magnetic field to power the expansion mechanism. (a) 
Distal femoral replacement featuring a semiconstrained rotating hinge knee mechanism. (b) 
Intraoperative view of JTS reconstruction following resection of an osteosarcoma of the distal 
femur. (c) Limb lengthening performed in a clinic without sedation showing the affected limb 
placed into the external magnetic unit. (d) Pre- (right) and post (left) images showing 16  mm 
expansion of implant after two lengthening sessions. In the event of a problem, the implant can be 
shortened by reversing the polarity of the magnetic field
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size of the implants required for reconstruction likely account for this elevated 
risk [39, 59]. Methods of sterile skin preparation, such as DuraPrep (3M Health 
Care, St Paul, MN) and ChloraPrep (BD, Vernon Hills, IL) that create a film 
barrier locking skin bacteria into place have been shown to significantly reduce 
the risk of surgical site infections [60]. Preoperative testing and treatment of 
patients colonized by Staphylococcus aureus effectively reduce infections fol-
lowing orthopedic surgery [61]. Heat-stable antibiotics, such as tobramycin, 
when added to bone cement have been shown to reduce the risk of infection 
following joint arthroplasty [62]. The addition of an antimicrobial silver coat-
ing to a prosthetic stem has also shown a reduction in periprosthetic infection 
[63]. The use of a dilute betadine soak of the prosthesis after implantation can 
significantly reduce the risk of periprosthetic infection [64] (Fig. 6.19). These 
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Fig. 6.18  Expandable implants still suffer from a much higher mechanical failure rate than adult 
modular endoprosthetic systems. (a) Failure of a Repiphysis (Wright Medical (Memphis, TN)) 
proximal tibial replacement which occurred as the patient achieved skeletal maturity. One of the 
signs of implant failure is the presence of metallic debris along the implant body (arrows). The 
patient presented with pain and acute shortening of the limb. (b) Closeup view demonstrating frac-
tured internal spring mechanism. (c) Intraoperative view of failed implant showing marked metallic 
staining of the prosthetic pseudocapsule. The patient was salvaged using an adult modular proxi-
mal tibial replacement after extraction of the failed implant and resection of the pseudocapsule
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and other innovative techniques hold promise of minimizing the incidence of 
surgical site infections and sparing patients the devastating consequences of a 
periprosthetic infection following limb-sparing surgery [39].

6.5	 �Surgical Planning

Proper evaluation of a patient presenting with a sarcoma requires an understand-
ing of the biologic behavior of the tumor and detailed knowledge and familiarity 
with the local anatomy in the vicinity of the tumor. Advanced imaging, particularly 
MRI and high-resolution CT scans, can greatly aid the surgeon in identifying the 
relationship between the tumor and surrounding critical anatomy, including neuro-
vascular structures, adjacent muscle groups, and skeletal structures. These relation-
ships must be evaluated in order to determine if a limb-sparing resection can be 
performed safely. As a general rule of thumb, any single muscular compartment 
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Fig. 6.19  Infection remains a significant concern following endoprosthetic reconstruction. (a) 
Cemented Stryker/Howmedica (Mahwah, NJ) GMRS distal femoral replacement for reconstruc-
tion after resection of an osteosarcoma. (b) A dilute betadine solution is poured into the open 
wound, covering the implant. This has been shown to reduce periprosthetic infections after total 
joint arthroplasty. (c) The solution is allowed to soak for 5 min prior to a final washout with a 
pulsatile lavage. Wound closure is then performed
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can be removed with minimal functional loss due to the redundancy within the 
muscular system. Loss of an entire functional compartment may require adaptive 
bracing (lower extremity) or tendon transfers (upper extremity) in order to achieve 
an adequate functional outcome. Loss of a major nerve is often surprisingly well 
tolerated, although adaptive bracing may be necessary if there is significant loss of 
muscular function (e.g., an ankle-foot orthosis to support the ankle after resection 
of the sciatic nerve [65]). In selected cases, a major artery may be resected en bloc 
with the tumor safely provided that an appropriate vascular reconstruction (graft) 
is performed to restore sufficient blood flow to the affected extremity (Fig. 6.20).

The decision to sacrifice important structures is dictated by the type of resection 
chosen by the surgeon for a given tumor in its specific location. This is a direct 
application of Enneking’s classification of resection margin; high-grade tumors 
require, at a minimum, a wide resection to ensure complete removal of the tumor 
pseudocapsule [28]. When a sarcoma arises from or engulfs a nerve or an artery, 
attempts to preserve those structures inevitably result in violation of the pseudocap-
sule, converting the attempted wide resection into an intralesional procedure with 
the result of greatly increasing the risk of local recurrence. In cases where crucial 
and/or multiple anatomic structures are involved, the surgeon is often faced with 
either performing a primary amputation (a wide resection through a limb outside of 
the tumor pseudocapsule) or, in selected cases, using chemotherapy and/or radiation 
therapy in a preoperative or neoadjuvant setting in the hope of downsizing the tumor 
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Fig. 6.20  (a) Harvested saphenous vein graft, filled with heparin solution. (b) The reversed graft 
undergoing an end-to-end anastomosis for reconstruction of a segmental defect of the superficial 
femoral artery following resection of a soft tissue sarcoma. 6-0 Prolene, Ethicon (Somerville, NJ), 
visible under magnification, is used to repair the anastomosis (arrow). (c) PTFE (Gore-Tex) vascu-
lar graft replacing the superficial femoral artery resected en bloc with a soft tissue sarcoma in a 
patient expected to undergo postoperative radiation. Artificial grafts are frequently used for long 
segments and when high-dose radiation is anticipated
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and potentially converting the patient to a limb-sparing candidate. Neoadjuvant 
treatment (Fig. 6.21) can facilitate surgical resection through reduction of the size 
of the tumor and through sterilization of the tumor pseudocapsule (by killing tumor 
cells within the reactive zone) allowing for a plane of dissection much closer to the 
tumor than one would normally choose [25, 66].

A necessary component of the surgical planning is of course evaluating a patient’s 
overall health and their ability to withstand a complex procedure that can be very 
long and entail significant blood loss. Even young patients, who typically are ideal 
surgical candidates, can develop significant comorbidities such as heart failure or 
renal failure from induction chemotherapy. The surgeon must be familiar with the 
potential complications from induction and adjuvant therapies, as detailed in Chap. 
19, and make appropriate decisions keeping the patient’s best interest in mind at all 
times.

A unique challenge that occurs far too often is the patient who has undergone a 
previous, unplanned, intralesional, or marginal biopsy or excision. Surgical plan-
ning must take into account not only the volume of the original and possibly resid-
ual tumor but also the tissue potentially contaminated during the original procedure. 
In addition to increasing the volume of tissue that needs to be resected, the risk of 
recurrence is also increased, potentially leading to poor outcomes and even legal 
action, as explained in Chap. 9.

6.6	 �Surgical Resection of Sarcomas

Significant advances in the surgical management of sarcomas have occurred over 
the past 50 years [67]. Once a plan of action has been determined by the surgeon for 
the safe oncologic resection of the tumor, the surgery itself consists of three separate 
but interrelated steps. First is the actual resection of the tumor with identification 
and preservation or sacrifice of key anatomic structures as determined by the 
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Fig. 6.21  (a) Intra-arterial catheterization for administration of cisplatin as part of a neoadjuvant 
chemotherapy regimen for soft tissue sarcoma. (b) Posttreatment MRI image showing extensive 
central necrosis of the tumor. This patient underwent successful limb-sparing surgery and remains 
alive 15 years later
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surgical plan. A number of well-written references [68, 69] detail the surgical 
approaches and exposures when performing limb-sparing surgical resections and 
will not be duplicated here. Second, following the oncologic resection, reconstruc-
tion of the surgical defect is performed with the purpose of improving functional 
outcome. This can include the use of muscle transfers for functional reconstruction 
or, when bone has been removed, the use of endoprosthetic implants, bone grafts, 
internal fixation, or combination of these techniques in order to restore skeletal 
stability. Finally, reconstruction of the soft tissues and skin is performed, covering 
exposed vessels and nerves and any skeletal reconstruction that has been performed, 
in order to ensure proper healing of the surgical wound. This can include the use of 
flaps or muscle transfers or skin grafts depending upon the size and location of the 
surgical defect, particularly after preoperative radiation [70, 71].

Orthopedic oncology has traditionally focused upon methods of reconstructing 
significant skeletal defects as the key step in limb-sparing surgery. This was partly 
driven by the inherent limitations of radiographic imaging in the early days of the 
field, x-rays and bone scan which were the primary imaging tools available at that 
time and the lack of effective neoadjuvant treatments. This led to surgeons selecting 
very wide margins relative to the tumor in order to be certain of achieving a proper 
oncologic resection, often creating significant skeletal defects in the extremities, 
even for resection of primary soft tissue sarcomas. The reconstruction performed in 
these cases often varied upon the institutional experience and surgical training of 
the specific orthopedic oncologist. Well-accepted forms of skeletal reconstruction 
included Enneking’s resection arthrodesis [14], massive osteoarticular allograft 
reconstructions as popularized by Mankin [15], endoprosthetic reconstruction (as 
discussed above), and hybrid reconstruction combining implant and bone graft as an 
allograft-prosthesis composite (APC) [72]. However, soft tissue reconstruction 
plays a significant role in determining the potential function following a limb-
sparing resection due to the effect of the resection on the functional muscle groups 
which power the affected limb and adjacent joints. Additionally, proper soft tissue 
coverage helps to facilitate wound healing and minimizes the risk of potentially 
devastating infection following major resections and reconstructions [70].

High-resolution imaging has greatly improved the ability of the surgeon to visu-
alize where the pseudocapsule boundary is, allowing for a planned resection that 
minimizes the amount of normal tissue removed with the tumor. Smaller resec-
tion volumes permit the preservation of more functional tissue which translates into 
improved functional outcomes. An additional benefit of smaller resections is the 
associated reduction in insensate fluid and blood loss as well as shorter operative 
times. Reduction of resection volume is especially applicable when preoperative or 
neoadjuvant therapies have shrunk the tumor with sterilization of the pseudocapsule 
[25]. This ongoing trend toward more precise surgery and preservation of otherwise 
normal tissue has led to additional downstream advances, including reduced length 
of stay, need for postoperative drains, and major reconstructive procedures, and 
has helped facilitate earlier mobilization and rehabilitation of limb-sparing patients. 
Smaller resections may also reduce the risk of postoperative complications, 
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particularly in distal sites [73, 74]. The use of computerized navigation systems 
with three-dimensional and multiplanar modeling of tumors based on preoperative 
imaging and the use of real-time feedback systems showing anatomic location rela-
tive to the tumor can greatly facilitate complex resections, permitting closer margins 
and preservation of a more normal tissue (Fig. 6.22).

Despite efforts to improve early diagnosis and techniques to reduce tumor vol-
ume prior to surgery, there are still patients with massive tumors that require exten-
sive surgery, particularly in complex anatomic regions such as the pelvis, spine, 
and shoulder girdles. As with other locations, these cases benefit from advanced 
imaging for planning of surgical resections. Many times, such cases are best per-
formed by teams of experienced surgeons representing different subspecialties, 
including diverse fields such as orthopedic oncology, surgical oncology, thoracic 
oncology, vascular surgery, plastic surgery, urology, and neurosurgery (Fig. 6.23). 
This multidisciplinary approach combined with surgery can benefit not only the 
patient but also the individual surgeon, by leveraging the respective experiences 
of each surgeon and sharing the physical labor and risks involved in each step of a 
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Fig. 6.22  (a) Computerized navigation used during hemi-cortical surgical resection of a posterior 
tibial chondrosarcoma (Fig. 6.27), demonstrating real-time positioning of instruments relative to a 
multiplaner view of the patient’s anatomy seen on the computer monitor. (b) The NAV system, 
Stryker (Kalamazoo, MI), can be used in a variety of locations, as seen in this intraoperative view 
for resection of a pelvic chondrosarcoma. The system is registered and keyed to a system tracker 
that is secured to the bone by the surgeon (arrow)
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complex procedure. This is particularly true when there is a respectful and collegial 
environment among the surgical team. Oncologic surgery presents unique stresses 
and challenges to any surgeon, and their response to stress may either facilitate or 
inhibit their ability to work as part of a team. In order to work effectively together, 
surgeons must be prepared to take a subordinate assistant role at times when another 
surgeon’s skill sets dictate they should be in the lead. The author’s personal experi-
ence is that surgeons who actively train residents and fellows often have the nec-
essary skills to be effective members of a multidisciplinary surgical team. This is 
likely due to their frequent interaction and guidance of surgeons in training at vary-
ing skill levels in whom they are trying to instill the ability to operate independently 
upon graduation.

6.7	 �The Surgical Management of Bone Sarcomas

There are a limited number of sarcomas that arise from the bone, and these are gen-
erally classified based upon the type of matrix produced by the tumor, namely, 
osteoid-forming tumors (osteosarcomas), chondroid-forming tumors (chondrosar-
comas), fibrous tumors (MFH and fibrosarcomas), and the round cell sarcomas 
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Fig. 6.23  Complex cases often require teams of surgical specialists to ensure optimal outcomes. 
(a) Resection of the majority of the humerus in a 5-year-old with Ewing’s sarcoma. (b) 
Intraoperative photo of surgical teams representing orthopedic oncology, plastic surgery, and 
microvascular surgery. The team approach permitted simultaneous resection of the tumor with 
harvesting of the contralateral fibula as a microvascular free flap. (c) Following insertion of the 
fibula, the microvascular team performed the anastomosis. (d) Intraoperative view of the secured 
free flap prior to wound closure. The patient had a successful limb salvage and had intact peroneal 
nerve function in the harvested leg
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(Ewing’s family of tumors). These tumors are extremely rare and account for less 
than 1% of all malignancies that occur on a yearly basis. Osteosarcoma, which is the 
most common of the primary bone sarcomas, is often used as the archetype for dis-
cussing treatment. Surgical management consists of complete removal of the entire 
tumor with negative margins, i.e., a wide resection as defined by Enneking [28]. 
Since osteosarcoma, and the other bone sarcomas, arise from and primarily involve 
the bone, this inevitably entails resection of the involved portion of the bone. 
Typically, these rapidly growing tumors have extended into the surrounding soft 
tissues by the time of initial presentation; this complicates surgical resection in the 
sense that the soft tissue component must be removed en bloc with the rest of the 
tumor. Osteosarcoma has a predilection for occurring in the metaphyseal portions of 
the long bones although they may arise anywhere within the axial or appendicular 
skeleton. When wide resection of the metaphyseal segment is necessary, the adja-
cent epiphysis and therefore joint are typically affected. Planning of the surgical 
resection as outlined above requires careful evaluation of the tumor and its relation-
ship to the surrounding structures. As detailed in Chaps. 11 and 12 on chemother-
apy, there is good evidence for the use of induction (neoadjuvant) chemotherapy 
specifically for osteosarcoma [75]; the evidence for chemotherapy in the treatment 
of fibrosarcoma/MFH of the bone is very weak; and there is no evidence to support 
the use of induction treatment for chondrosarcoma of the bone. Ewing’s sarcoma is 
widely recognized to respond significantly to both induction chemotherapy and 
radiation; the role of surgery for Ewing’s sarcoma has become much more accepted 
as it has been shown to be as effective as radiation for achieving local control while 
eliminating the potential long-term risks of radiation, particularly in extremity loca-
tions [76, 78].

a b

Fig. 6.24  (a) Low-grade enchondrosarcoma of the proximal humerus characterized by new onset 
of night pain, tumor length greater than 5 cm, entire canal filled by tumor, and endosteal scalloping 
of the bone. (b) Following curettage and high-speed burring (curettage/resection) of the lesion, 
cryosurgery was performed as a physical adjuvant using two 8  mm Endocare (Healthtronics 
(Austin, TX)) cryoprobes placed into the open defect
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Fig. 6.25  (a) Radiograph of a primary pelvic chondrosarcoma arising from the pelvic floor, 
involving the acetabulum. (b) Axial CT scan showing classic chondroid matrix within a predomi-
nately unmineralized mass worrisome for a high-grade tumor. (c) Following type II/III resection, 
reconstruction was performed using a periacetabular replacement (PAR, Stryker/Howmedica 
(Mahwah, NJ)). Intraoperative view demonstrates cement filling of the iliac component with addi-
tional transfixation screws (arrow) securing implant to the bone. The iliac vessels are visible to the 
left of the constrained hip socket

Chondrosarcomas are relatively resistant to the effects of both chemotherapy 
and radiation; therefore, surgical resection remains the primary treatment option. 
Low-grade chondrosarcomas, often arising as secondary lesions from underlying 
enchondromas, are amenable to intralesional curettage and a physical adjuvant 
such as cryosurgery (Fig. 6.24). Primary chondrosarcomas have a propensity for 
proximal and central locations, often necessitating complex surgical approaches 
to the spine or pelvis (Fig. 6.25). Likewise, chordoma, a rare malignancy arising 
from notochordal remnants, often occurs in the sacrum and coccyx. They also are 
resistant to induction therapy and often require significant surgical resections of the 
sacrum (Fig. 6.26). Due to the lack of effective adjuvant treatment, patients with 
these tumors are especially at risk of local relapse and often benefit from close 
follow-up for extended periods of time compared to other sarcomas.

When induction treatment is used, it is important to completely restage the tumor 
with appropriate imaging prior to the surgical resection; changes in the tumor size, 
favorably or unfavorably, can affect the surgical plan, and adjustments must be made 
accordingly. As with all surgical resections, an extensile surgical approach is ide-
ally performed, as it offers the most flexibility to the surgeon. Many of the extensile 
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approaches in use today were first described in detail by Henry [78]. These approaches 
dictate the placement of the surgical incision, which can be modified as needed for 
the particular features of a specific tumor and its anatomic location. The surgeon, with 
the help of preoperative imaging, must identify the involved compartments and sur-
rounding structures in order to be able to safely remove the entire tumor. Traditional 
orthopedic approaches to the bone, such as those described by Hoppenfeld [79], 
typically recommend the use of intra-nervous planes and approaches that avoid major 
vascular structures. While this is perfectly appropriate for general orthopedic cases, 
oncologic cases require identification and preservation of these same structures; once 
the surgeon has identified and protected all of the key structures to be saved, the 
entire tumor and surrounding tissue can safely be removed.

Following surgical resection of the tumor, skeletal reconstruction is then per-
formed in order to restore limb stability as well as overall function. The use of 
endoprosthetic reconstruction offers the advantage of immediate stability and rapid 
functional rehabilitation of the patient following treatment [41]. A variety of manu-
facturers offer modular systems that feature a variety of stem sizes and implant 
lengths permitting the creation of a customized implant sized to the patient using 
off-the-shelf components [38]. Methods of fixation include traditional cemented 
stems, porous-coated press-fit stems, and compression-loaded osteointegration 
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Fig. 6.26  (a) Axial CT scan showing a midline destructive tumor arising from the sacrum, typical 
for a sacral chordoma, confirmed after needle biopsy. Chordomas are typically resistant to chemo-
therapy and radiation. (b) Intraoperative view showing a posterior approach to the sacral mass 
during sacrectomy. (c) Resection specimen showing the anterior (presacral) surface of the mass 
that was lying on the rectum
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stems (Fig.  6.10). Implants are available for replacing virtually any portion of 
the large appendicular bones in the body; custom implants are also available for 
those rare cases involving other bony sites such as the scapula (Fig. 6.11) and pel-
vis (Fig. 6.13) [49, 51]. Multiple series have shown the viability of endoprosthetic 
reconstruction in the oncologic setting; complications, which are typically manage-
able, include infection, implant loosening, mechanical breakage, and occasionally 
joint dislocation [39, 80].

Proper sizing of the implant is important for multiple reasons including restora-
tion of the functional length of the surrounding musculature to optimize postopera-
tive strength, stability of the affected joint to reduce the risk of dislocation or 
instability, and for prevention of vascular spasm and difficulty closing the soft tissue 
due to over lengthening of the limb. The use of trial components and trial reduction 
as well as careful measurement of the resection specimen can facilitate selection of 
the proper implant size. In addition to the implant length, selection of an appropriate 
stem diameter may be important in reducing the risk of aseptic loosening; a large 
stem diameter relative to the canal size appears to be important in both cemented 
and cementless systems [40, 81]. However, the body diameter, i.e., the portion of the 
implant between the bone stem interface and the adjacent joint, is not critical other 
than to provide strength for the implant and smaller body diameters do facilitate soft 
tissue closure particularly in cases where a relatively small amount of soft tissue has 
been removed.

In rare cases, the tumor to be resected may be relatively small, permitting the 
surgeon to remove a portion of the bone that is not segmental; this form of resection 
is referred to as a hemi-cortical resection given that a portion of the cortex is left 
intact along with the entire length of the resection (Figs. 6.27 and 6.28). This form 
of resection has the benefit of maintaining cortical continuity, preserving limb 
length and anatomic alignment in all planes. While more commonly applicable to 
benign tumors, examples of sarcomas that may be amenable to this form of resec-
tion include parosteal osteosarcomas (which are unique due to their low grade and 
relatively latent biology), relatively small periosteal osteosarcomas, and secondary 
chondrosarcomas arising from osteochondromas. Reconstruction of these hemi-
cortical defects must be focused upon prevention of pathologic fracture, while bio-
logic reconstruction of the missing cortex must be performed to restore the cortical 
circumference and bone stability. A combination of locking plate fixation and 
autogenous bone graft can often be performed in these cases. Purely diaphyseal 
tumors (such as a classic Ewing’s sarcoma) are amenable to segmental resection 
with preservation of the adjacent joints and, in skeletally immature patients, even 
the adjacent growth plates (Fig. 6.29). A variety of segmental intercalary implants 
are available for reconstruction following a diaphyseal resection [28], while interca-
lary allografts with internal fixation (Fig. 6.30) can also be used effectively [82, 83].

Following restoration of skeletal length and adjacent joint stability, soft tissue 
reconstruction is performed in order to power the mechanical joint and to provide 
coverage of the metallic implant; these goals are not mutually exclusive and are often 
interrelated. As a rule of thumb, functional outcome following limb-sparing surgery 
is often related to the amount of soft tissue that is resected, i.e., preservation of more 

R.M. Henshaw



99

a

c

b

d

Fig. 6.27  (a) Rapidly enlarging secondary chondrosarcoma arising from a posterior tibial osteo-
chondroma. Radiograph demonstrates calcified matrix with radiolucent regions concerning for 
chondrosarcoma. (b) Hemi-cortical resection specimen demonstrating the normal tibial cortices 
following a multiplaner complex osteotomy of the posterior tibia using a high-speed router (Midas 
Rex, Medtronic (Washington DC)) attached to a computerized navigation tracker for real-time 
guidance of the cut (Fig. 6.22a). (c) Intraoperative view of the resulting bony defect. Note that the 
anterior cortex of the tibia remained intact. (d) Postoperative radiograph demonstrating prophylac-
tic fixation of the tibia using an AxSOS 3 Periarticular Locking Plate, Stryker (Kalamazoo, MI). 
The defect was filled with a bone graft substitute, DBX demineralized bone matrix, Synthes (West 
Chester, PA)
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functional muscle groups and compartments lead to increased strength and function 
of the limb following rehabilitation. In cases of significant soft tissue resection, 
particularly when major peripheral nerves are sacrificed, significant loss of strength 
must be anticipated, even to the point of requiring long-term bracing to support 
weight-bearing joints such as the knee or ankle. Frequently, this can be anticipated 
preoperatively based upon radiographic imaging and surgical planning and should 
be discussed with the patient to ensure appropriate expectations following surgery. 

a b

Fig. 6.28  (a) Physeal-sparing hemi-cortical resection for a periosteal osteosarcoma in a skeletally 
girl with Li-Fraumeni syndrome (p53 mutation). Reconstruction was performed using a tri-cortical 
iliac crest autograft and a Synthes (West Chester, PA) locking plate inserted submuscularly from 
the lateral side in a minimally invasive fashion. (b) Radiograph 7 years postsurgery demonstrating 
complete incorporation of the bone graft, interval growth, closure of the physis, and metaphyseal 
remodeling resulting in the proximal screw tips becoming prominent. The patient just recently 
undergone resection of a new osteosarcoma involving her entire humerus

Fig. 6.29  (a) Surgical plan for a physeal-sparing intercalary resection of the femur after induction 
chemotherapy for Ewing’s sarcoma. (b) Resection specimen with a customized intercalary double 
Compress, Biomet (Warsaw, IN) implant. (c) Intraoperative view of the inserted implant prior to 
coverage with the vastus lateralis muscle. (d) Postoperative radiograph demonstrating short 
Compress anchor plugs and intact physeal plates. (e) Follow-up radiograph demonstrating contin-
ued normal growth of both physeal plates
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Fig. 6.30  (a) Intraoperative view of a femoral allograft inserted following resection of a cystic 
adamantinoma of the distal tibia, preserving 1.5 cm of the tibia above the ankle joint. Bridging 
fixation was accomplished using a Synthes (West Chester, PA) periarticular locking plate to secure 
the allograft, with a step cut at the distal junction to increase the contact surface area. Both host and 
allograft junctions were also grafted with iliac crest autograft to facilitate healing. (b) AP radio-
graph and (c) lateral view of the tibia 5 years post-op showing a stable allograft with incorporation 
at the host junctions. Patient has a normal gait with full ROM of the ankle joint

Loss of a complete functional compartment due to soft tissue resection or sacri-
fice of a major peripheral nerve (such as the femoral or sciatic nerve) can result 
in a permanent disability, but one that often remains far more functional than an 
amputation performed at the same level. Advances in bracing, physical therapy and 
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Fig. 6.31  (a) Radiograph demonstrating a biopsy-proven osteosarcoma of the dominant thumb 
metacarpal. (b) Intraoperative view following resection of the tumor, disarticulating the CMC and 
MCP joints. (c) Osteocutaneous pedicle flap from the distal radius fed by the radial artery was 
raised by plastic surgery. (d) Placement of the flap into the surgical defect. (e) View of the hand 
after closure of the wound. The cutaneous portion of the flap filled the defect from the tumor resec-
tion. (f) Follow-up x-ray showing stable reconstruction of the thumb metacarpal
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Fig. 6.32  (a) Medical 
gastrocnemius flap is 
routinely performed after 
proximal tibial replacement, 
as in this skeletally 
immature osteosarcoma 
patient reconstructed with an 
expandable JTS implant 
(Stanmore, Elstree, UK). 
The extensor mechanism 
(patellar tendon remnant) is 
directly attached to the 
implant over a porous-
coated surface with 3 mm 
Dacron tapes. (b) The flap 
covers the proximal implant 
and the extensor  
reconstruction, helping to 
reinforce it. Patients are kept 
in full extension for 6 weeks 
prior to starting ROM; many 
patients have full active 
extension without  
extensor lag

d

e

f

Fig. 6.31  (continued)
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rehabilitation, and in selected cases appropriate tendon transfers or free flaps, can 
help patients achieve satisfactory to excellent outcomes [84–86] (Fig. 6.31).

Coverage of the implant following reconstruction may necessitate significant 
rotational or advancement flaps of surrounding muscles; common examples include 
the use of the medial gastrocnemius flap following resection of the proximal tibia 
(Fig. 6.32) and hamstring transfer to the patella following resections of the distal 
femur and quadriceps [84]. It is important to ensure complete muscular coverage 
of the skeletal reconstruction in order to minimize the risk of infection particularly 
as soft tissue complications including delayed wound healing and marginal skin 
necrosis can occur in up to 10% of cases. The use of full-thickness fasciocutane-
ous flaps, whenever possible, can help prevent superficial wound issues; however, 
this may not be possible after resection of large tumors affecting the skin or in 
cases of improperly positioned biopsy tracks that require significant skin resec-
tion en bloc with the underlying tumor. A recent advance in the management of 
soft tissue wounds involves the use of incisional vacuum dressings, which help to 
reduce swelling and can prevent fluid collections from jeopardizing the blood sup-
ply to the skin edges of the incision [87]. Vacuum dressings can also be applied in 
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Fig. 6.33  (a) Large dermatofibrosarcoma protuberans (DFSP) of the lateral shoulder. (b) 
Resection of the tumor necessitated the creation of a large defect that could not be closed. (c) The 
wound was covered with a vacuum-dressing set for continuous suction, maintaining sterility of the 
wound and evacuation of serous fluid from the wound. (d) Appearance of the wound 4 days later, 
showing a generous granulation base highly suitable for split-thickness skin grafting. During this 
time, final pathology on the resection specimen confirmed that all margins were free and clear, 
permitting application of the final skin graft
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cases where significant skin loss prevents primary closure of the wound, permitting 
maintenance of a sterile environment and allowing for delayed skin grafting once 
a granulation bed has developed (Fig. 6.33). Extremely large tumors may have the 
paradoxical advantage of acting like an implanted soft tissue expander such that 
following removal there is an excess of redundant tissue that greatly facilitates soft 
tissue closure.

6.8	 �The Surgical Management of Soft Tissue Sarcomas

Soft tissue sarcomas, which are more common than bone sarcomas, arise from any 
of the multiple mesenchymal-derived tissues in the body, commonly including 
tumors arising from fat (liposarcoma), muscle (rhabdomyosarcoma and leiomyo-
sarcoma), nerve (malignant peripheral nerve sheath tumor), and blood vessels 
(angiosarcoma). For some soft tissue sarcomas, the cell of origin remains unknown 
(synovial cell sarcoma). As with bone sarcomas, the primary method of treatment is 
complete surgical resection. Unlike bone sarcomas, soft tissue sarcomas are often 
sensitive to radiation, which is frequently used for high-grade tumors in either a 
preoperative or adjuvant setting to improve local control. The role of radiation in the 
treatment of sarcomas is discussed in Chap. 10. The use of chemotherapy remains 
controversial but has been shown to be helpful for certain tumor types, as detailed 
in Chaps. 11 and 12.

As previously outlined for bone sarcomas, surgical management for soft tissue 
sarcomas begins with an accurate histologic diagnosis followed by a complete 
imaging of the tumor and relevant anatomy. The surgeon then selects an appropriate 
resection margin based upon the tumor grade and expected oncologic behavior. 
Enneking’s concept of a surgical margin [28] applies equally well to soft tissue 
tumors, with each muscle representing a compartment (due to its investing fascia) 
and each functional group of muscles also representing a compartment. As with 
bone sarcomas, wide resection represents the surgical goal to ensure complete 
removal of the tumor with optimal local control. Frequently, deep-seated soft tissue 
sarcomas will be adjacent to or involve neurologic and vascular structures and may 
secondarily involve the bone. After a detailed review of the imaging studies, a surgi-
cal plan that addresses relevant local anatomy with respect to the oncologic need for 
a wide resection can be generated and discussed with the patient. If sacrifice of 
significant neurologic or vascular structures would be required to achieve an ade-
quate oncologic resection, then the use of preoperative or induction therapy such as 
chemotherapy (Fig. 6.21) or radiation therapy (Fig. 6.34) should be considered. The 
choice of induction treatment often varies depending upon the age and the health of 
the patient [88].

Certain histologic subtypes of soft tissue sarcomas do require additional 
consideration during surgical planning. Although the majority of soft tissue sarco-
mas demonstrate hematogenous spread with metastases concentrated in the lungs, 
some histologic subtypes demonstrate a predilection for lymphatic spread (e.g., 
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rhabdomyosarcoma, epithelioid sarcoma) [89] or other unusual patterns of metas-
tasis (e.g., myxoid liposarcoma) [90]. In such cases, consideration to additional 
imaging studies for accurate staging, such as PET/CT [91], and sentinel lymph node 
biopsy (particularly for patients with clear cell sarcoma) [92] should be included 
in the surgical planning. Additionally, leiomyosarcoma can arise directly from the 
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Fig. 6.34  (a) Biopsy-proven massive myxoid liposarcoma of the posterior thigh as seen on a 
T1-weighted axial MRI image. Due to the large size of the tumor, the patient was offered induction 
radiotherapy. (b) Similar cross-section MRI 2 weeks after completion of induction radiation show-
ing shrinkage of the tumor. Clinically, the tumor continued to regress until the day of surgery. (c) 
Intraoperative view showing the posterior thigh with skin discoloration due to her radiation. (d) 
Post-resection view demonstrating the tibial and peroneal branches of the sciatic nerve which were 
draped over the tumor and the popliteal vessels (under the Debakey forceps) which were dissected 
free from the undersurface of the tumor. (e) Resection specimen; the patient had no wound com-
plications and remains free of disease over 6 years post-op
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smooth muscle adventitia of an artery or vein, necessitating removal of the involved 
structure. The assistance of a vascular surgeon in such cases can greatly facilitate 
reconstruction (Fig. 6.20).

As with bone sarcomas, functional outcomes following resection of a soft tis-
sue sarcoma frequently depend upon the extent of the resection; preservation of 

a b

Fig. 6.35  (a) Resection of the gastro-soleus condensation into the Achilles tendon for an epithe-
lioid sarcoma of the leg. An aortic Dacron graft is placed adjacent to the leg for sizing. (b) 
Reconstruction was performed by bridging the defect with the graft, attaching it with 3 mm Dacron 
tapes to the tendon distally and laying it between the two gastrocnemius and soleus muscles proxi-
mally. The patient was able to walk normally with active plantar flexion

a b
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Fig. 6.36  (a) Clinical view of a massive liposarcoma of the anterior thigh extending down to the 
patella. (b) Intraoperative view following resection of the tumor along with the quadriceps tendon. 
(c) Reconstruction using an aortic Dacron graft secured to the patella distally and woven into the 
remaining quadriceps muscles proximally. The graft was covered subsequently with the sartorius 
and vastus intermedius. This elderly patient was able to ambulate without bracing with grade 4 
strength in knee extension
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muscle and its nervous innervation correlates with postoperative function and reha-
bilitation. Loss of major tendons can occasionally be addressed with augmented 
reconstruction using aortic Dacron grafts, such as for the tendo-Achilles complex 
(Fig. 6.35) or the quadriceps tendon (Fig. 6.36). Rotation and or advancement of 
adjacent muscles may be necessary to reduce dead space and to provide coverage 
of important structures such as nerves and vessels and even bones and adjacent 
joints [70]. This becomes increasingly important when radiation is part of the treat-
ment plan due to the risk of wound complications; vascularized flaps are relatively 
resistant to the effects of radiation and can reduce the size and complexity of break-
downs when they occur. In cases of extensive radiation-induced necrosis, free flap 
reconstruction may be the best option for salvage [71].

6.9	 �Postoperative Considerations

Following limb-sparing surgery, the goal of the postoperative period is to ensure the 
overall health of the patient, proper healing of the wound, and appropriate mobiliza-
tion and early functional rehabilitation. Large resection volumes and prolonged sur-
gery can lead to significant fluid shifts and postoperative swelling of the limb. This 
can be greatly complicated by the use of anticoagulation as well as preoperative 
radiation particularly along with the major lymphatic channels of the limb. 
Meticulous attention to hemostasis in order to minimize overall blood loss and need 
for fluid resuscitation as well as the avoidance of extremity tourniquets can help to 
minimize reactive edema formation in the immediate postoperative period. The use 
of compression dressings (such as Ace wraps) and elevation of the limb above the 
heart combined with bed rest for 24 h can be helpful in cases where significant 
swelling is expected. The use of appropriate wound drains and, more recently, the 
use of incisional vacuum dressings can help reduce tension on the primary wound 
closure helping to protect the surrounding skin. Avoidance of chemical anticoagula-
tion (i.e., low molecular weight heparins) can reduce the risk of hematoma forma-
tion particularly in patients with existing coagulopathies due to chemotherapy. As a 
matter of standard practice, we do not use any anticoagulation in limb-sparing 
patients, relying instead on mechanical compressive devices or, in cases at high risk 
of pulmonary embolus, preoperative placement of an internal vena cava filter. In a 
similar fashion, we avoid routine use of tourniquets which can cause vascular inti-
mal damage along with blood pooling and reperfusion injury that increase the risk 
of clotting, relying instead on meticulous surgical technique and direct occlusion of 
vessels when necessary to control bleeding. In cases where a tourniquet is neces-
sary, we try to minimize the inflation pressure as well as the overall time of inflation 
in order to minimize damage to the underlying tissue which can result in increased 
pain, postoperative edema, and likely increases the risk of postoperative thrombus 
formation.

Maintenance of an adequate blood pressure and hematocrit is important not only 
to the patient’s well-being but also in ensuring adequate perfusion of the limb and 
flaps following limb-sparing surgery. This is particularly true in the distal 
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extremities of elderly cancer patients who may have varying amounts of preexisting 
atherosclerotic disease. Additionally, younger patients who have received substan-
tial doses of chemotherapy may lack the bone marrow reserves necessary to com-
pensate for acute intraoperative blood loss. Intraoperatively, the anesthesia team 
should be prepared to transfuse blood products in preference to other volume 
expanders, while routine monitoring of the hematocrit/hemoglobin levels during the 
first 24 h following limb-sparing surgery should always be performed. Nursing and 
blood bank personnel should be educated as to the unique needs of limb-sparing 
patients with regard to blood products in order to ensure adequate and timely access 
to the blood when needed.

Early mobilization of postoperative patients has been shown to be important in 
reducing hospital length of stay and helps minimize medical comorbidities related 
to prolonged bed rest. However, early mobilization must be distinguished from 
early movement of a given limb. Extensive surgical resection and reconstruction 
often involve tight wound closures that are adjacent to mobile joints. Immobilization 
of the limb using either splints or braces can protect the wound during the early 
critical healing phase thereby reducing the risk of wound dehiscence. This is par-
ticularly true in patients who have undergone preoperative radiation who are already 
at risk of wound complications. Patients may be out of bed and can even ambulate 
while a single limb is effectively immobilized. Early mobilization of the patient, as 
an integrated part of an enhanced recovery after surgery program, has been shown 
to reduce hospital length of stay in patients with soft tissue sarcoma [93]. Close 
communication with the physical therapy team is needed to ensure that proper pre-
cautions are taken to protect the surgical site. Rehabilitation for sarcoma patients is 
detailed in Chaps.15 and 16.

A major concern of both patients and health providers is ensuring that adequate 
pain control is achieved following surgery. While the use of patient-controlled anal-
gesia (PCA) is widely accepted, intravenous narcotics often cause varying levels of 
sedation and/or delirium and can lead to urinary retention and constipation. In com-
parison, the use of regional or epidural analgesia in the postoperative period can 
minimize the need for systemic narcotics and can be titrated to provide excellent 
pain relief while still permitting sensory and motor function in the limb [94]. 
Patients undergoing major limb-sparing surgery may not be suited to indwelling 
epidural catheterization as central administration of analgesics can result in signifi-
cant hypotension precluding adequate administration of medication for pain relief. 
A better approach is the use of peripheral nerve blocks and catheterization as periph-
eral administration of analgesics has a minimal effect on blood pressure. A favor-
able side effect of a peripheral block is the associated sympathetic block which 
helps improve blood flow within the limb and may help reduce the incidence of 
thromboembolic disease. Regional nerve sheath catheters can be introduced by the 
anesthesia team in either preoperative holding area or in the PACU following sur-
gery. Direct insertion of a nerve sheath catheter by the surgeon can also be effective 
and is often easily performed in limb-sparing cases as many cases will require the 
identification and exposure of one or more major peripheral nerves within the 
extremity. In patients who must undergo amputation, such catheters are extremely 
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important in minimizing postoperative pain, reducing the risk of phantom pain syn-
drome and allowing for early mobilization [95]. The use of an external disposable 
pump (e.g., On-Q pump) permits patient discharge within the indwelling peripheral 
nerve sheath catheter. The use of these pumps has been shown to be effective fol-
lowing thoracotomy [96] and is safe in children [97]. This is a powerful technique 
that is particularly suited to patients undergoing major amputation as these catheters 
can be safely maintained and utilized for days to weeks following surgery. Pain 
management techniques for sarcoma patients are detailed in Chap. 14.

It is important to note that the role of the surgeon in multidisciplinary manage-
ment of sarcomas does not end with surgical healing of the wound. Close com-
munication with the rest of the treatment team, particularly medical and radiation 
oncologists, is needed to ensure the appropriate and timely use of adjuvant treat-
ments. A multidisciplinary sarcoma conference/tumor board can facilitate such 
communication and allows the surgeon to communicate the relevant details of the 
surgery and anatomy to the team. The surgeon can be a useful resource for the radia-
tion oncologist in planning an appropriate treatment volume on a case-by-case basis. 
The surgeon should actively communicate with the physical therapist and rehab 
personnel to ensure that patients are both adequately protected and mobilized dur-
ing the critical first 6 weeks of soft tissue healing [98]. The surgeon must also be 
prepared to intervene quickly; when evidence of a wound complication presents, 
aggressive surgical management is often required to ensure a successful and timely 
outcome. Unlike the routine orthopedic patient, limb-sparing patients often require 
close monitoring during the postoperative period. The use of experienced mid-level 
practitioners can significantly facilitate close monitoring and is often well received 
by patients, as detailed in Chap.17.

Finally, the responsibility of the surgeon does not end with the surgery alone. 
Sarcomas have a predilection for recurring, even in cases treated with wide resec-
tion, negative margins, and adjuvants such as radiotherapy. The time interval 
between treatment and recurrence can vary significantly: the time to relapse for 
high-grade tumors is often around the 2-year mark, while low-grade sarcomas can 
relapse even years later. More than anyone else in the treatment team, the surgeon is 
best suited to detect recurrences due to his/her intimate knowledge of the local anat-
omy, the precise details regarding the reconstruction that was performed, as well as 
having experience in performing musculoskeletal examinations. Ideally, the treating 
surgeon should perform routine physicals and review imaging studies along with 
the rest of the sarcoma follow-up team (Chaps. 19 and 20). In the event of disease 
relapse, complete reevaluation of the patient is a necessary step for potential salvage 
treatment, as seen in Chap. 13.

6.10	 �Summary

Patients presenting with bone and soft tissue sarcomas present many challenges to 
the surgeon who must work as part of a multidisciplinary team to ensure the best 
possible oncologic and functional outcomes for a given patient. A rational approach 
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to diagnosing and staging patients helps to facilitate surgical planning; the concept 
of a surgical margin and compartment as defined by Enneking provides a framework 
for the surgeon to plan any oncologic resection. Functional outcomes are often deter-
mined by the amount of soft tissue that can be successfully spared during a resection, 
while segmental defects of bones and adjacent joints can be successfully recon-
structed using a variety of techniques. Meticulous attention to soft tissue handling 
and postoperative care is needed to minimize the risk of wound-healing complica-
tions particularly in patients receiving radiation. Finally, the surgeon must recognize 
his or her role as part of a multidisciplinary team and should actively participate with 
the team to ensure the best possible outcomes for these challenging patients.
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7Specific Surgical Topics:  
A Multidisciplinary Management 
of Paratesticular Sarcomas in Adults

Mohan Verghese and Jonathan Hwang

7.1	 �Introduction

Primary paratesticular sarcomas are rare, affecting primarily older men between 
the ages of 50 and 80 years. They are the most common tumors of the paratesticu-
lar region and usually present insidiously as an asymptomatic slow-growing mass. 
Because of the rarity of these tumors, there is no common consensus regarding the 
best management, especially in the adjuvant setting [1]. In adults, 75–80% arise 
from the spermatic cord and the remainder from the epididymis, tunic, or testicu-
lar appendages [2]. Among the malignant tumors, the most common histotype is 
liposarcoma (46.4%), followed by leiomyosarcoma (20%), malignant fibrous his-
tiocytomas (13%), and embryonal rhabdomyosarcoma (9%) [3]. Of these, rhabdo-
myosarcoma, rare after the age of 40, is the most common malignant mesenchymal 
tumor in children and is considered the most aggressive sarcoma. It has an increased 
ability to spread via the lymphatic or hematogenous route [4, 5]. The main dis-
semination pattern of adult paratesticular sarcomas is by local invasion through the 
contiguous inguinal canal and less commonly via hematogenous or lymphatic chan-
nels. Surgery represents the first and the most effective therapeutic approach to most 
paratesticular sarcomas, and overall, the prognosis after diagnosis has been related 
to grading, size, depth of invasion, and surgical margin status [6].
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7.2	 �Clinical Presentation

Paratesticular sarcomas often present as a slow-growing palpable paratesticular 
mass. It commonly manifests as a solid, irregular palpable mass of the inguinal 
canal or scrotum. Most sarcomas develop below the external inguinal ring and thus 
grow as a scrotal mass [2]. They may present as an inguinoscrotal mass and com-
monly mistaken for a hernia (Fig. 7.1). Pain and tenderness have been reported in 
10–15% of patients [7]. Infrequently, the initial presentation may be acute scrotum 
due to necrosis or intratumoral bleeding [8]. In a minority of patients, there is a his-
tory of scrotal surgery or trauma (<6%) [9]. The rarity of these sarcomas continues 
to make preoperative diagnosis very challenging. More often, patients are suspected 
of having more common conditions in the differential diagnosis, including inguinal 
hernia, hydrocele, spermatocele, chronic epididymitis, or lipoma [10, 11]. The diag-
nosis should always be considered in patients presenting with recurrent inguinal 
hernia [11]. Any palpable mass of the cord structures should be evaluated with 
ultrasonography even though findings are often nonspecific [12]. CT/MRI can be 
helpful in the diagnosis and staging as the preoperative imaging modalities [1, 13] 
(Fig. 7.1a, b).

7.3	 �Surgical Management of Sarcomas 
of the Spermatic Cord

Sarcomas of the spermatic cord tend to spread by local extension. Simple excision 
alone of the spermatic cord may result in microscopic residual disease as repeat 
wide excision has revealed microscopic residual disease in 27% of completely 
excised cases [14]. Therefore, a radical inguinal orchiectomy with high ligation of 

a b

Fig. 7.1  (a, b) MRI of the inguinal-scrotal region showing an inguinal-scrotal mass with signal 
intensity of fat
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the spermatic cord and wide excision of the soft tissue around the cord within the 
inguinal canal to achieve negative margins results in a lower rate of local recurrence 
(Fig. 7.2). Patients with inadequately resected disease should undergo a reoperative 
procedure with wide inguinal resection [15].

The long-term locoregional recurrence following radical excision has been 
reported to be approximately 50% [16]. Factors that increase the risk for local recur-
rence include large tumor size, inguinal location, narrow or positive margins, viola-
tion of the pseudocapsule, or unintentional intralesional surgery for misdiagnosed 
inguinal hernia [17]. Local relapse may occur in the partially resected spermatic 
cord, within the scrotal cavity or adjacent pelvis with or without involvement of 
lymph nodes [18]. Relapse in one of our cases involved invasion to the corporal 
bodies necessitating a total penectomy, urethrectomy, and proximal urinary diver-
sion (Figs. 7.3a, b and 7.4). In patients presenting with local recurrence following 

Fig. 7.2  Wide resection of 
a large liposarcoma with 
high ligation of the 
spermatic cord

a b

Fig. 7.3  (a, b) Recurrent sarcoma of the spermatic cord with invasion to the corporal bodies of the 
penis
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resection, reoperation with wide resection can result in decreased local recurrence 
[19]. If negative margins are not achieved at the time of the initial surgery, wide re-
excision including the previous scar should be considered mandatory even if it 
involves the excision of adjacent normal structure to obtain negative margins [20]. 
Fiducial markers using clips can be placed to facilitate postoperative radiation to the 
tumor bed following resection.

Because of the anatomical constraints of the inguinal region, wide resection to 
achieve negative margins may not be possible without significant loss of surround-
ing soft tissue resulting in large defects in the inguinal region (Fig. 7.5). It is impera-
tive to have a multidisciplinary team approach to the surgical management to cover 
these large defects. General anesthesia is preferable to eliminate visceral pain asso-
ciated with spermatic cord manipulation in healthy males. Patient is prepared and 
draped to include the scrotum and the lower abdomen in the operative field. A stan-
dard inguinal incision is made overlying the spermatic cord mass from the deep 
inguinal to the level of the superficial inguinal ring. The skin, subcutaneous tissue, 
and Scarpa’s layer are incised to expose the external oblique fascia which is incised 
in the direction of its fibers. The ilioinguinal nerve is identified and preserved. If the 

Fig. 7.4  Total penectomy 
and urethrectomy with 
proximal urinary diversion 
with repair of the groin 
defect
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mass is large, the incision can be extended into the scrotum. In primary resection of 
a suspected sarcoma, it is important to preserve the integrity of the external sper-
matic fascia, cremasteric, and internal spermatic fascia which forms the outer tubu-
lar sheath surrounding the spermatic cord to prevent the contents of the cord spilling 
into the wound (Fig.  7.6). At the deep inguinal ring, the spermatic vessels are 
clamped, divided, and tied with permanent sutures that can be identified in the event 
a retroperitoneal lymphadenectomy is needed so that the remnant cord can be iden-
tified and removed. The vas deferens is tied and divided separately. The testis with 
its investing tunica vaginalis is delivered into the wound, and the entire specimen is 

Fig. 7.5  Resection of a 
large right paratesticular 
sarcoma with excision of 
the floor of the inguinal 
canal and high ligation of 
the cord

Fig. 7.6  Resected 
paratesticular mass with 
intact fascial planes
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removed without violating any facial layers. The wound is copiously irrigated. 
The external aponeurosis is closed with absorbable sutures and skin approximated 
with either staples or subcuticular sutures.

For patients with bulky tumor recurrences or those with radio-recurrent 
tumors, preoperative planning with plastic, orthopedic, and reconstructive sur-
geons for coverage of large defects created by wide resection should be done 
ahead of time (Fig.  7.5). Wide excision may include surrounding soft tissues, 
lower anterior abdominal wall fascia, and muscles of the thigh exposing femoral 
vessels and the neural bundles and exposed bone as the clinical picture dictates 
(Fig. 7.5). Involvement of the corporal bodies from local recurrences may require 
a total penectomy and urethrectomy (Fig. 7.3a, b). Patients should be counseled 
accordingly.

Many reconstructive options are available to repair defects in this region which 
include fasciocutaneous, muscle, or musculocutaneous flaps such as the tensor fas-
cia latae, rectus abdominis, anterolateral thigh, gracilis, and the vastus lateralis flaps 
to cover the defects [20–23]. Overlying femoral vessel tissue loss should be covered 
with well-vascularized tissue to prevent or minimize local vascular complications if 
adjuvant RT is considered [20]. The tensor fasciae latae musculocutaneous flaps can 
cover a large defect including the femoral vessels [23]. The abdominal wall muscu-
lature may need to be reinforced with mesh in addition to flaps to cover larger 
defects. The type of flaps used will depend on the extent of resection, and with good 
planning, good long-term results can be achieved.

7.4	 �Current Adjuvant Therapy

Radiation therapy: Radiation treatment for patients with paratesticular sarcomas is 
most often utilized as postoperative adjuvant therapy to prevent local recurrences 
[24], although planned preoperative radiotherapy can be given to debulk large sar-
comas. Select patients with intermediate- or high-grade pathology may benefit, 
though the optimum dosage is yet to be defined [25, 26]. At present, there is no 
consensus on the benefit of retroperitoneal lymphadenectomy or chemotherapy for 
paratesticular adult sarcomas [1]. The current standard of care for rhabdomyosar-
coma is multimodal treatment including surgery, chemotherapy, and radiation based 
on disease stage, histology, and age of patient [24, 27].

�Conclusion

In patients with sarcomas of the spermatic cord, wide excision via radical ingui-
nal orchiectomy and high ligation of the cord should be the primary procedure. 
For local relapses, postradiation recurrences, or margin-positive initial resec-
tions, re-excision with wide margins and appropriate reconstruction with flaps 
should be done to provide the best outcome. Regardless of the initial therapy, the 
risk of local recurrence always necessitates long-term follow-up [26].
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8Specific Surgical Topics: Surgical 
Management of Gastrointestinal 
Stromal Tumors

Mark Steves

Gastrointestinal stromal tumor (GIST) is the most common mesenchymal tumor of 
the GI tract with a new patient diagnosis of 4000–6000 per year in the USA. The 
pathological characterization of this tumor and the molecular basis of its treatment 
in the last several decades illustrate the complexity and beauty of targeted treatment 
for cancer.

8.1	 �Background

GIST typically presents as a subepithelial tumor in the GI tract with the mean 
presentation in the sixth decade of life. They occur primarily in the stomach and 
small intestine. Initial pathological classification was confusing. Early attempts to 
better define this group of gastrointestinal sarcomas from other types of sarcomas 
were difficult. Treatment decisions for patients were made with the best data at 
hand. At many institutions, such as the Washington Hospital Center, which is a 
tertiary referral center for the National Capital region, both surgeons and medical 
oncologists were stymied by the lack of good treatment for patients with diffuse 
peritoneal sarcomatosis. Systemic chemotherapy did not have any meaningful 
impact. In the 1990s our approach centered around surgical cytoreduction. Even 
with all gross diseases removed, most patients would have progressive disease, 
though we did have a median survival of 20 months in our group of 43 patients 
[1]. In retrospect the majority of these sarcomatosis patients had GIST.
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A light began to shine in the darkness with the molecular characterization of 
GIST.  It is thought that the majority of these tumors originate from cells in the 
bowel wall that are precursors to the intestinal cells of Cajal (ICC). ICC are the GI 
pacemaker cells that coordinate the innervation of the bowel and the smooth mus-
cle. More importantly the majority of GIST cells express the CD117 antigen, unlike 
leiomyomas or leiomyosarcomas. The CD117 antigen is part of the kit tyrosine 
kinase receptor, which sits on the cell membrane, and is coded by the kit proto-
oncogene (c-kit). This overexpression of CD117 is readily detected by immunohis-
tochemical staining. This mutation with the resulting activation of the kit tyrosine 
kinase receptor induces cell proliferation.

As the importance of the tyrosine kinase receptor in the pathogenesis of GIST 
was emerging, inroads were being made in the pharmaceutical industry with respect 
to the use of agents targeted to tyrosine kinase receptors. Dr. Brian Druker and oth-
ers working with Ciba-Geigy (now Novartis) found one drug, STI-571, that showed 
incredible promise because of its effect on the tyrosine kinases that are important in 
the pathogenesis of chronic myelogenous leukemia (CML). In the first clinical trials 
of STI-571 (imatinib), there was nearly universal response in the patients treated 
with appropriate dosages of drug [2]. After further studies showed similar promise, 
a new drug application for imatinib was submitted to the Food and Drug 
Administration (FDA). In rapid fashion, after 2 1/2 months, the FDA approved ima-
tinib for the treatment of CML in May of 2001.

The extreme interest in the drug was fueled by a large grassroot movement and 
the drug made the cover of TIME magazine on the month of its approval by the 
FDA, touted as the “bullet against cancer.” However, the historical impact of the 
drug on another tumor type, GIST, was yet to be felt.

The story of “patient zero” is worth repeating. A 54-year-old Finnish woman 
with familial ties to the pharmaceutical industry had been advised of the poten-
tial benefit of imatinib on patients with GIST because of the kit mutation com-
monly expressed. She started the treatment in March 2000. The remarkable effect 
that imatinib had on her tumor was chronicled in a New England Journal of 
Medicine (NEJM) brief report in April 2001 [3]. This effect of imatinib on GIST 
in the metastatic setting led to other clinical trials that showed equal promise. 
The FDA granted accelerated approval to imatinib in 2002 for the treatment of 
metastatic disease. Approval for use in the adjuvant setting had to wait until 2008 
(Fig. 8.1).

8.2	 �Presentation

Since most GISTs are located in the stomach and the small intestine, the usual 
presentation to the surgeon is secondary to one or more of the following: (1) 
abdominal mass with or without abdominal pain, (2) gastrointestinal bleeding, (3) 
obstruction, (4) perforation—rare, and (5) incidental finding, which has become 
increasingly more common.
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8.3	 �Diagnosis/Workup

Usually by the time of surgical consultation, the diagnosis of GIST has been pre-
sumptively made by the use of a high-resolution computed tomography (CT) scan 
of the abdomen and pelvis with intravenous (IV) and oral contrast. It is important to 
maximize the amount of oral contrast to entirely fill the gastrointestinal tract. A 
high-quality CT scan may show early signs of metastatic peritoneal disease, namely, 
small nodules located between loops of small bowel (SB) and leaves of the SB mes-
entery. Certainly the extent of a primary small bowel GIST is easily seen with satu-
ration of oral contrast on CT scan (Fig. 8.2). Magnetic resonance imaging (MRI) 
does not usually play a role in the workup but does help delineate disease in the liver 
and specifically in the pelvis, i.e., rectal GIST. Routinely, positron emission test 
(PET) scans are not obtained preoperatively on patients who are thought to be good 
surgical candidates. However, in patients who are not surgical candidates, PET 
scans can be used to monitor therapy.

Upper endoscopy and endoscopic ultrasound (EUS) play a large role in the diag-
nosis of gastric GIST. Upon presentation with GI bleeding, the endoscopist will 
usually find a submucosal mass with central ulceration. A biopsy confirming the 
diagnosis of GIST may be elusive since this is not a mucosal tumor. Therefore, EUS 
is an important modality and can reliably give the diagnosis of a gastric submucosal 

Fig. 8.1  Imatinib Mesylate: Mechanism of Action. Source: Savage and Antman. N Engl J Med. 
2002;346:683.
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mass based on the layer of origin of the mass. The five layers of the GI tract as seen 
by the conventional endoscope are (1) innermost layer is the superficial mucosa, (2) 
second layer is the lamina propria, (3) third layer is the submucosa, (4) fourth layer 
is the muscularis propria, and (5) fifth layer is the serosa. With accurate localization, 
which is easier with smaller lesions, a gastric lesion originating from the second 
layer is typically a carcinoid, and lesions arising from the fourth and fifth layers are 
usually lipomas. Of course there are other endoscopic and EUS features that are 
used to differentiate these tumors.

Though the role of EUS is key to the diagnosis and workup of GIST, the absolute 
need for pretreatment biopsy is only important in patients with metastatic disease at 
the time of presentation. The use of neoadjuvant imatinib in patients with borderline 
resectable tumors or definitive treatment of patients with diffuse metastatic disease 
will not begin without accurate pathological characterization. In operable patients 
with a classic clinical presentation, typical endoscopic findings of a submucosal 
mass with ulceration, and a CT scan showing resectability, there is not an absolute 
mandate for preoperative biopsy.

After preoperative workup and staging are complete, patients are categorized 
into three groups: (1) surgical resectable patients, (2) surgical resectable patients 
with potential for significant morbidity from multiorgan resection of primary tumor, 
and (3) unresectable patients and patients with metastatic disease. In regard to 
patients with resectable lesions but who face potentially morbid surgical proce-
dures, referral should be made to a tertiary care facility for possible treatment with 
neoadjuvant imatinib. This will be discussed later.

8.4	 �Surgical Management

As with most other GI malignancies, surgery is the primary modality in resectable 
disease and reserved for palliation in patients with advanced disease. Occasionally, 
in patients who present with significant bleeding, perforation, and/or obstruction, 

Fig. 8.2  59 year old patient with large bleeding small bowel GIST
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the patient will need urgent surgical intervention, and the diagnosis is only achieved 
after pathological examination. However, in the face of a large epigastric palpable 
mass, it would behoove the surgeon to try and establish the diagnosis preoperatively 
with CT scan and/or endoscopy. As mentioned earlier, patients with clinical features 
of GIST and who are good surgical candidates may forego a preoperative biopsy.

At surgery, the basic approach should involve thorough exploration of the 
abdominal and pelvic cavities to rule out peritoneal disease. The right and left hemi-
diaphragm are inspected as well as the right and left colonic gutters; small bowel 
and its mesentery are also thoroughly evaluated. Pelvic structures are looked at with 
particular attention to the pouch of Douglas in women. Other sites of potential peri-
toneal disease that are worth looking at include the gastrohepatic ligament as well 
as the lesser sac after dividing the gastrocolic ligament. Specifically, attention 
should be drawn to the potential space that can exist under the pylorus and duodenal 
bulb. In our early work with peritoneal carcinomatosis, this was a site that was fre-
quently not appreciated. Lastly, another area that should be inspected is the ligament 
of Treitz and proximal jejunum where various recesses exist and tumor cells can 
find a home. Once peritoneal disease is encountered, a variety of peritonectomy 
procedures can be used to resect small to moderate volume disease [4].

Once peritoneal disease volume has been ascertained, it is also important to quan-
titate any metastatic liver disease. Usually the diagnosis of metastatic liver disease 
can be made preoperatively with CT scan. However small lesions at the surface of the 
liver can be missed and should always be biopsied. Intraoperative ultrasound (IUS) 
of the liver may also be needed to delineate a vague mass felt in the liver as well.

Having thoroughly searched for metastatic disease, attention can then be turned 
to the primary site which in the majority of cases is the stomach. The overriding 
surgical approach is resection with negative gross margins (RO) and without spill-
age and/or rupture of tumor. Tumor spillage, as will be discussed later, usually por-
tends a poor future outcome. Adequate resection of the gastric primary can be 
achieved without the need for an anatomic resection as is needed with gastric adeno-
carcinoma. Resection of nodal basis is also not needed since the spread of GIST to 
regional lymph nodes is rare.

Preoperatively, large GIST tumors in the stomach can look very imposing. Often 
these large lesions will lift out of the abdominal cavity, and resection of the primary 
can proceed in a more routine fashion. Adherence to adjacent tissues and organs 
(omentum, pancreas, and spleen) will occasionally lead to en bloc resection of these 
tissues.

Every attempt should be made to preserve function in the stomach, namely, pres-
ervation of the gastroesophageal (GE) junction and/or the pylorus. Since most 
GISTs emanate from the greater curvature, large lesions can be resected without 
subtotal gastrectomy using techniques similar to bariatric surgery, i.e., sleeve gas-
trectomy. A bougie dilator placed during surgery may minimize encroachment of 
the resection on the GE junction. If, however, a margin-free resection cannot be 
obtained without sacrifice of the GE junction, the resection of the GE junction 
should not lead to a total gastrectomy. A gastric reservoir can still be preserved with 
a proximal gastrectomy and stapled esophageal/gastric anastomosis with pyloro-
plasty. Though this surgical reconstruction can lead to problems with gastric reflux, 
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the operation has been well tolerated. Anecdotally we have had minimal patient 
dissatisfaction over the last two decades when we have had to resort to this recon-
struction (Fig. 8.3).

Surgical resection of a small bowel primary should be a more straightforward 
event. As mentioned nodal resection is not indicated for GIST.  Macroscopically 
gross negative margins should be obtained.

Unfortunately, even with the most comprehensive preoperative workup, patients 
with localized primaries will occasionally be found to have metastatic disease in the 
form of peritoneal carcinomatosis or small-volume metastatic disease. The experi-
ence of the surgeon will then dictate whether the patient is closed after pathological 
diagnosis is confirmed or whether the surgery proceeds. It has been our practice that 
the primary lesion is resected if it can be done with minimal functional loss to the 
patient. Peritoneal disease then can be addressed in a systemic fashion much like 
colorectal cancer with post-op imatinib. Also if the primary site at exploration 
requires significant functional loss to the patient that the surgeon feels may be mini-
mized with preoperative treatment with imatinib, the pathological diagnosis is 
established and the patient is then closed. Then neoadjuvant therapy (discussed 
later) can begin.

8.5	 �Staging

Once the primary tumor in the stomach or small bowel has been resected and the 
patient has recovered, medical oncology referral can be made. The TNM staging 
according to the American Joint Committee on Cancer (AJCC) for gastric and small 
bowel GIST is shown below (Table 8.1). Based on tumor location, tumor size, and 
mitotic rate, the rate of recurrent disease can be also estimated (Tables 8.2 and 8.3). 

Fig. 8.3  57 year old patient with large bleeding proximal gastric GIST
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Table 8.1  TNM staging for gastrointestinal stromal tumors (GIST)

For GISTs at all sites

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence for primary tumor

T1 Tumor 2 cm or less

T2 Tumor more than 2 cm but not more than 5 cm

T3 Tumor more than 5 cm but not more than 10 cm

T4 Tumor more than 10 cm in greatest dimension

Regional lymph nodes (N)

N0 No regional lymph node metastasisa

N1 Regional lymph node metastasis

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Histologic grade (G)b

GX Grade cannot be assessed

G1 Low grade; mitotic rate ≤5/50 HPF

G2 High grade; mitotic rate ≥5/50 HPF

Anatomic stage/prognostic groups

Stage T N M Mitotic rate

Gastric GISTc

IA T1 or T2 N0 M0 Low

IB T3 N0 M0 Low

II T1 N0 M0 High

T2 N0 M0 High

T4 N0 M0 Low

IIIA T3 N0 M0 High

IIIB T4 N0 M0 High

IV Any T N1 M0 Any rate

Any T Any N M1 Any rate

Small intestinal GISTd

I T1 or T2 N0 M0 Low

II T3 N0 M0 Low

IIIA T1 N0 M0 High

T4 N0 M0 Low

IIIB T2 N0 M0 High

T3 N0 M0 High

T4 N0 M0 High

(continued)
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Table 8.2  Disease progression rate for gastric gastrointestinal stromal tumors (GIST) according 
to tumor size and miotic rate or AFIP prognostic group

Stage
Tumor 
size, cm

Mitotic 
rate AFIP prognostic groupa

Observed rate of progressive 
disease,a percent

IA ≤5 (T1,2) Low 1, 2 (≤2–5 cm, ≤5 mit/50 hpf) 0–2

IB >5–10 (T3) Low 3a (5–10 cm, ≤5 mit/50 hpf) 3–4

II >5–10 (T3) High 4 (≤2 cm, >5 mit/50 hpf) Insufficient data

>5–10 (T3) High 5 (2–5 cm, >5 mit/50 hpf) 15

>10 (T4) Low 3b (>10 cm, ≤5 mit/50 hpf) 12

IIIA >5–10 (T3) High 6a (>5–10 cm, >5 mit/50 hpf) 49

IIIB >10 (T4) High 6b (>10 cm, >5 mit/50 hpf) 86

AFIP Armed Forces Institute of Pathology, mit mitoses, hpf high-powered field
aMiettinen M, Sobin LH, Lasota J. Gastrointestinal stromal tumors of the stomach: a clinicopatho-
logic, immunohistochemical, and molecular genetic studies of 1765 cases with long-term follow-
up. Am J Surg Pathol. 2005; 29:52–68, with permission from Lippincott Williams & Wilkins

Table 8.3  Disease progression rate for small intestinal gastrointestinal stromal tumors (GIST) 
according to size and mitotic rate or AFIP prognostic group

Stage
Tumor 
size, cm

Mitotic 
rate AFIP prognostic groupa

Observed rate of progressive 
disease,a percent

IA ≤5 (T1,2) Low 1, 2 (≤2–5 cm, ≤5 mit/50 hpf) 0–2

II >5–10 (T3) Low 3a (5–10 cm, ≤5 mit/50 hpf) 23

III A >10 (T4) Low 3b (>10 cm, ≤5 mit/50 hpf) 49

≤2 (T1.) High 4 (≤2 cm, >5 mit/50 hpf) 50

III B >2–5 (T2) High 5 (2–5 cm, >5 mit/50 hpf) 73

>5–10 (T3) High 6a (>5–10 cm, >5 mit/50 hpf) 72

>10 (T4) High 6b (>10 cm, >5 mit/50 hpf) 89

AFIP Armed Forces Institute of Pathology, mit mitoses, hpf high-powered field
aMiettinen M, Makhlouf HR, Sobin LH, Lasota J. Gastrointestinal stromal tumors (GISTs) of the 
jejunum and ileum—a clinicopathologic, immunohistochemical and molecular genetic study of 
906 cases prior to imatinib with long-term follow-up. Am J Surg Pathol. 2006; 30:477–89, with 
permission from Lippincott Williams & Wilkins

IV Any T N1 M0 Any rate

Any T Any N M1 Any rate

Note: cTNM is the clinical classification, pTNM is the pathologic classification
aIf regional node status is unknown, use N0 not NX
bHistologic grading, an ingredient in sarcoma staging, is not well suited to GISTs, because a major-
ity of these tumors have low or relatively low mitotic rates below the thresholds used for grading of 
soft tissue tumors, and because GISTs often manifest aggressive features with mitotic rates below 
the thresholds used for soft tissue tumor grading (the lowest tier of mitotic rates for soft tissue 
sarcomas being 10 mitoses per 10 HPFs). In GIST staging, the grade is replaced by mitotic activity
cAlso to be used for omentum
dAlso to be used for esophagus, colorectal, mesentery, and peritoneum

Table 8.1  (continued)
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Of particular note in the staging system is that a T3 or T4 GIST with low mitotic 
activity becomes a higher stage if the primary is in the small bowel. A T3 lesion in 
the stomach is a stage I lesion, while in the small bowel, it is a stage II lesion. 
Likewise, a T4 lesion (stage II) in the stomach becomes a stage III lesion in the 
small bowel. Similar stage increases occur with small lesions with high mitotic 
activity and similarly gastric lesions being of lower stage than equal size small 
bowel lesions.

As shown in Tables 8.2 and 8.3, the rate of recurrent disease increases significantly 
with worsening stage. The biological aggressive nature of small bowel GIST is high-
lighted by the fact that a stage II small bowel GIST has a recurrence rate in the 20–25% 
range where a stage II gastric GIST has a recurrence rate in the 10–15% range despite 
the fact that stage II gastric GISTs include smaller lesions with high mitotic activity or 
large lesions (T4) with low mitotic activity.

At the heart of any staging system is the goal of stratifying the risk of recur-
rence. In GIST, patients with a high rate of recurrence would be started on adjuvant 
imatinib. Proper stratification would accurately guide the oncology team and 
patient. Toward that end, other classifications, such as the Joensuu stratification 
system, have not only included tumor site, tumor size, and mitotic rate but also 
tumor rupture [5]. The Joensuu system also has three categories rather than two for 
mitotic rate (<5, 6–10, and >10 per high-power field (HPF)). In the study that was 
used to validate the Joensuu risk criteria, a total of 46 (7%) out of the 640 cases in 
the registry database had tumor rupture. The vast majority of these ruptures hap-
pened preoperatively. Of note is that patients who were treated preoperatively with 
imatinib were excluded from this study. Though patients with tumor rupture did 
poorly, on multivariable relapse-free survival (RFS), tumor rupture did not have an 
independent influence. As suggested by the authors, patients with tumor rupture 
also have other adverse criteria, such as large size, high mitotic activity, and non-
gastric tumor origin.

Along with tumor rupture, microscopic positive margin resections (R1) have also 
been associated with poor prognosis. McCarter et al. reviewed the 819 patient data-
base of GIST patients that were entered in the American College of Surgeons 
Oncology Group (ACOSOG) Z29000 and Z29001 clinical trials [6]. ACOSOG 
Z29000 is a phase II trial of imatinib for resected high-risk GIST patients [7]. 
ACOSOG Z29001 is a phase III trial for patients with resected GIST randomized to 
imatinib or placebo [8]. Out of 819 patients, 72 (8.8%) had a microscopically posi-
tive resection (R1). Variables associated with R1 resection were tumor size, tumor 
location, and tumor rupture. Twenty-one patients of the 72 (27%) also had tumor 
rupture. Median follow-up was 49 months. In untreated patients the RFS was not 
statistically significant in patients who had R1 versus R0 resection. Similarly, in 
patients treated with imatinib, there was no statistical difference in patients who had 
R0 versus R1 resection. This data strongly calls into question the need for surgical 
re-resection of a “positive” margin.
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8.6	 �Neoadjuvant Therapy

In certain clinical situations and specifically with GIST tumor in the duodenum and 
rectum, consideration should be given to preoperative treatment with imatinib. After 
pathological confirmation, neoadjuvant treatment can also start for large primary 
tumors in the stomach or small bowel that an experienced surgeon may feel is in 
need of a multivisceral organ resection (Fig. 8.4).

In the case of patients with duodenal or rectal GIST, preoperative therapy with 
imatinib may allow for sufficient downsizing of the primary tumor to avoid the need 
for a pancreaticoduodenectomy or abdominal perineal resection. Also large proxi-
mal gastric primaries may respond enough to allow the preservation of the gastro-
esophageal junction.

Neoadjuvant treatment should be started and patients should be followed in a 
multidisciplinary fashion. Along with CT scan follow-up, PET scans may be useful 

Fig. 8.4  63 year old patient  with good response to neoadjuvant therapy  but still needing partial 
gastrectomy and distal pancreatectomy
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to ensure that therapy is making an impact. Evaluation of CT scan by Response 
Evaluation Criteria in Solid Tumors (RECIST) criteria might be difficult since large 
primary tumors may be responding well yet have no change in size. Effective ther-
apy would be indicated by hypodense changes in the tumor on CT scan (even if no 
change in size) and minimal to no activity on PET scan. The exact length of treat-
ment with preoperative imatinib is unknown, but stability of disease on two sequen-
tial CT scans may indicate that further preoperative treatment may not yield more 
effect and may put the patient at risk for potential unresectability if there is tumor 
growth. Continued decrease in size on sequential CT scans can be followed until 
maximal response. Surgery then may proceed with the expectation that a less mor-
bid procedure will be needed.

8.7	 �Surgery for Small Gastric GISTs

With the more frequent use of upper GI endoscopy, a large number of small 
incidental lesions will be found. The natural history of small gastric GISTs (< 
2 cm in size) would seem to indicate that a significant majority of these lesions 
will follow an indolent course [9]. Autopsy series and careful pathological 
examination of resected stomachs for gastric adenocarcinoma have identified 
small lesions frequently [10]. To address this issue, the National Comprehensive 
Cancer Network (NCCN) guidelines have used EUS findings to help distinguish 
those small GISTs that may follow a more aggressive course. Small lesions with 
irregular borders, cystic spaces, and tumor heterogeneity on EUS should be 
considered for surgical resection. Consideration of a laparoscopic resection for 
these small lesions by an experienced surgeon would also minimize the surgical 
impact to the patient.

8.8	 �Surgery for Metastatic or Recurrent Disease

Despite adequate surgery and appropriate postoperative therapy with imatinib, 
patients unfortunately may recur, usually in the peritoneal cavity and/or liver. 
Second-line and third-line therapy are available and will be discussed 
elsewhere.

The role of surgery in patients with metastatic disease is still being defined. One 
important point that appears to be a significant prognostic variable is the patient’s 
response to tyrosine kinase inhibitor (TKI). When response to treatment is classified 
into stable disease, limited or focal progression, and generalized progression, the 
latter group had no benefit from reoperative surgery in a study conducted by Raut 
[11]. Patients with stable disease had a 1-year PFS of 80% in this study. Other stud-
ies have also borne out the futility of surgery on patients with progressive metastatic 
GIST while on TKI therapy [12]. As mentioned previously, the exact timing of 
surgery after initiation of TKI therapy is not known, but prolonged therapy will 
eventually give rise to secondary mutations.
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8.9	 �Summary

The medical and surgical care of patients with GIST has dramatically changed with 
the advent of effective systemic therapy. Careful coordination of care between the 
medical oncologist and surgeon will optimize the benefit given to these patients 
with this fascinating disease.
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9Multidisciplinary Approach to Salvage 
of Unplanned Sarcoma Resections

Nicholas S. Tedesco and Robert M. Henshaw

9.1	 �Introduction

Ever since the recognition of the necessity for a multidisciplinary approach to 
optimize care of patients afflicted with cancer, outcomes have steadily improved. 
This concept of “total cancer care” was first introduced by Dr. Sidney Farber in 
the 1950s [1]. This was further defined, expanded, explored, and promoted by Dr. 
Jacob Lokich in 1978 [2] paving the way for the modern multidisciplinary approach 
to cancer care. Dr. Mario Campanacci of the Rizzoli Institute in Balogna, Italy, 
noted the improvement in outcomes seen at his institution following the first for-
mation of a sarcoma-specific multidisciplinary care group. He then championed 
the idea throughout the field of musculoskeletal oncology worldwide. The blos-
soming in improved oncologic outcomes over time seen with the multidisciplinary 
approach to care has paralleled developments in diagnostic techniques, surgical 
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protocols, additions of chemotherapy drugs and regimens, and radiation oncology 
technological advances. Progress in such varied fields further promotes the concept 
of the multidisciplinary synergy needed for optimal care of cancer patients.

The demands of sarcoma patients are no exception to the requirement of a mul-
tidisciplinary approach. When it comes specifically to patients experiencing an 
unplanned resection of sarcoma, these represent a nontrivial percentage of patients 
presenting to tertiary care institutions that provide musculoskeletal oncology care. 
The term “unplanned resection” was first conceived in 1985 by Giuliano and Eilber 
[3]. It was further defined by in 1996 by Noria et al. [4] to include patients whom 
have experienced attempted tumor resection without preoperative imaging or regard 
to the necessity for tumor resection with a margin of normal tissue. However, a 
more appropriate descriptor may be: “any procedural or surgical manipulation of a 
tumor without regard for the possibility that the tumor represents a sarcoma.” This 
latter descriptor encompasses many aspects of unplanned resections not covered 
under the former definition. This proposed definition would include poorly placed 
or inappropriately performed biopsies (not just attempted resections), inappropriate 
procedures done with the presence of sarcoma missed at the time of index procedure 
(e.g., fixation of a missed pathologic fracture), patients not adequately locally 
imaged or systemically staged prior to treatment, patients treated without an appro-
priate tissue diagnosis, attempted incomplete or intralesional tumor resections, and 
failure of consultation with an orthopedic oncologist for expert advice in the unlikely 
event that the tumor does represent a sarcoma.

Unplanned resections have colloquially become known as “whoops” or “oops” 
surgeries among practicing community surgeons of all disciplines. These words are 
often the first things that come to mind when the pathology report of the manipu-
lated, presumably benign, specimen is returned with the word “sarcoma” in the final 
diagnosis [5]. However, “oops” as a response far underestimates the gravity of such 
situations. This chapter will cover the issues associated with unplanned resection of 
sarcoma and the multidisciplinary considerations required for adequate care and 
salvage of this unique circumstance.

9.2	 �Epidemiology

All 69 histologic subtypes of sarcoma recognized by the WHO as of 2013 [6] col-
lectively represent <1% of all cancers diagnosed in the United States [7]. The rarity 
of these cancers demand a team approach at a greater rate than their more fre-
quently encountered carcinoma counterparts simply because of the comparative 
lack of general experience with these tumors. The relative paucity of knowledge, 
research, and experience in treating sarcoma can’t be ignored when compared to 
carcinoma. Compare that in 2013, less than 15,000 total sarcomas were diagnosed 
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and treated in the United States versus greater than 800,000 cases of lung, breast, 
prostate, and colon cancer, irrespective of the remaining numerous subtypes of 
carcinoma [7]. The numbers simply aren’t there for appropriate study and treat-
ment of sarcoma without a multidisciplinary and, possibly, multi-institutional 
approach.

The rarity of sarcoma almost necessitates that it take a back seat to carci-
noma in an ongoing effort to cure these diseases simply based on a supply and 
demand model. This is no more evidenced than in federal money allotted to 
cancer research in the United States. In 2012, the National Cancer Institute 
operated on a research budget of $4.9 billion; $4.84 billion was spent on carci-
noma research compared to just over $61 million on sarcoma, roughly 1.3% of 
the annual budget [8].

Because of the rarity of these cancers, care of a patient afflicted with sarcoma 
requires a multidisciplinary effort that pools together the collective knowledge and 
experience of many physicians and ancillary staff familiar with sarcoma care. As 
such, every patient is treated on an individualized, case-by-case basis; rather, there 
is no cookie cutter, reproducible algorithm into which sarcoma patients nicely fit. In 
fact, outcomes have steadily improved in the United Kingdom since government 
mandate of the centralization of sarcoma care and formation of a constant multidis-
ciplinary team for care of these patients [9].

Unplanned resection of osseous and soft tissue malignancies is far more com-
mon than is typically thought among community surgeons. Several reports sug-
gest that between 5 and 31% of osseous sarcoma referrals at major musculoskeletal 
oncology tertiary care centers involve patients whom have received a prior 
unplanned procedure [10–14]. Similarly, multiple studies have reported that any-
where from 16 to 64% of new patient referrals for soft tissue sarcoma are patients 
whom have received a prior unplanned resection [4, 15–33]. In pediatric patients, 
specifically, reports are as high as 50–81% of new patient referrals that involve 
unplanned resections [34, 35]. In subcutaneous sarcomas, which represent 
greater than 1/3 of all sarcomas, up to 91% have experienced an unplanned pro-
cedure [36].

If we look at the epidemiologic numbers of sarcomas in each studied category 
(osseous, soft tissue, pediatric, subcutaneous), this suggests that up to 7500 (52%) 
sarcomas in the United States experience inappropriate manipulation in the com-
munity before reaching an expert musculoskeletal oncology team [37]. Further, 
when reviewing these series over time, these numbers have not diminished [38] 
despite improved diagnostic techniques and intense efforts to educate the medical 
community at large about sarcoma (Table 9.1). In fact, the numbers are virtually 
identical for all types of sarcoma and anatomic regions involved, with the notable 
exception that osseous sarcoma seems to undergo unplanned resections at a lower 
rate than its soft tissue counterpart.
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9.3	 �Presentation

The first issue to consider is why unplanned resection is such a frequent occurrence 
in sarcoma care. As discussed above, unplanned resection would appear to be more 
common than planned resection, likely due to the large number of subcutaneous 
lesions inappropriately dealt with. To determine why unplanned resections are so 
common, the disconnect must be explored between the presentation of a tumor and 
the failure to have sarcoma in the differential diagnosis by the treating physician.

One major problem is likely the educational focus on “classic” presentation of 
osseous and soft tissue sarcoma. However, it is the non-classic presentations of 

Table 9.1  Percentage of referred sarcoma cases that have experienced an unplanned resection in 
reported series over time

Year Primary author Sarcoma type % of cases referred

1996 Noria [4] Soft tissue 25

1996 Goodlad [29] Soft tissue 40

1997 Davis [25] Soft tissue 44

1999 Karakousis [39] Soft tissue 85

2000 Lewis [27] Soft tissue 37

2001 Temple [32] Foot soft tissue 51

2002 Chui [35] Pediatric soft tissue 81

2003 Zagars [31] Soft tissue 54

2004 Wong [15] Soft tissue 24

2004 Davies [28] Soft tissue 16

2005 Manoso [24] Soft tissue 52

2005 Rougraff [36] Subcutaneous soft tissue 91

2006 Fiore [40] Soft tissue 53

2006 Ayerza [13] Osseous 7.7

2008 Chandrasekar [30] Soft tissue 18

2008 Potter [17] High-grade soft tissue 32

2009 Kim [10] Osseous 5.5

2009 Rehders [18] Soft tissue 35

2009 Puri [14] Osseous 31

2010 Sawamura [34] Pediatric soft tissue 50

2011 Wang [11] Osseous 12

2011 Nishimura [33] Foot soft tissue 36

2012 Sawamura [23] Deep high-grade soft tissue 18

2012 Venkatesan [16] Soft tissue 19

2012 Qureshi [22] Soft tissue 64

2012 Alamanda [41] Soft tissue 38

2013 Alamanda [20] Soft tissue 34

2013 Alamanda [21] Soft tissue 37

2013 Umer [42] Soft tissue 38

2015 Morii [26] Soft tissue 26
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sarcoma that are more commonly unrecognized due to insufficient imaging or inac-
curate interpretation [37] and receive inappropriate surgical management [3, 4, 10, 
11, 13, 15–22, 24–27, 35–39, 41, 43–50]. Instead, these tumors are presumed benign 
and undergo attempted resection without preoperative imaging, biopsy, or proper 
adherence to oncological surgical principles. Up to 88% of all referred unplanned 
resections do not have a pretreatment MRI [51, 52] including 75% of deep tumors 
[51]. This latter finding begs the question that even if the lesion were indeed benign, 
how could the treating surgeon have any idea of the anatomic derivation, boundar-
ies, and involvement of the tumor to have an appropriate surgical plan ready? 
Physical exam alone is not reliable in accurately differentiating whether or not a 
mass is superficial or deep to the investing muscular fascia [4, 36].

Osseous sarcomas exhibit a wide array of presentations, ranging from being virtu-
ally undetectable on plain radiographs to being very large, destructive tumors with 
extensive matrix formation and periosteal reaction [53]. The latter is referred to as the 
“classic” presentation of osseous sarcoma. However, many histologic subtypes of osse-
ous sarcoma, particularly in older patients, may be purely lytic. This may account for 
the diagnostic confusion among community surgeons with other more common lytic 
lesions, including simple or degenerative cysts, giant cell tumor of bone, or metastatic 
carcinoma [46]. Many osseous sarcomas also exhibit “classic” age predilections of 
childhood and adolescence for both primary osteosarcoma and Ewing sarcoma [54] and 
middle- to older-aged adults for chondrosarcoma and secondary osteosarcoma [55].

As expected, the majority of referrals for osseous sarcoma after unplanned resec-
tion lack the classic osseous sarcoma presentation or occur in patients outside the 
classic age ranges for the various osseous sarcomas [10, 11]. The most common rea-
son for referral of an inappropriately treated osseous sarcoma is failure to preopera-
tively consider a lesion seen as sarcoma. Frequently cited presumed diagnoses 
preoperatively in unplanned osseous sarcoma resections are giant cell tumor of bone, 
bone cyst, osteomyelitis, osteonecrosis, and metastatic carcinoma [11, 46]. Because 
failure to recognize a pathologic fracture is the second most common reason cited for 
unplanned procedures in osseous sarcoma, index of suspicion should be high for an 
underlying malignancy in the bone whenever there is an abnormal fracture pattern for 
the mechanism of injury, any osseous abnormality is seen on plain radiographs, or 
there is a low-energy mechanism of injury in the absence of severe osteopenia [11, 46].

The “classic” presentation of a soft tissue sarcoma (STS) is a large (>5 cm) firm, 
fixed, deep-seated, enlarging, painless mass or new pain in an existing painless mass 
[15, 16, 49]. However, STS can be any size at presentation, and more than 1/3 arise 
superficial to the investing muscular fascia [36]. Therefore, the vast majority of soft 
tissue masses lack the “classic” presentation associated with soft tissue sarcoma, 
contributing to the diagnostic confusion. Another large reason why sarcoma is often 
not considered in the differential diagnosis is that benign soft tissue tumors have been 
estimated to occur 300 times more often than malignant soft tissue tumors [19, 49].

Similar to osseous sarcoma, several series have reported that the majority of soft 
tissue sarcoma referred after an unplanned resection are more likely to have non-
classic presentations, i.e., less than 5 cm, superficially located, and painless [17, 
19–22, 26, 27, 35, 36, 44, 45, 56]. Likewise, rapidly growing lesions are more likely 
to be referred primarily, and slow-growing tumors or those found after mild trauma 
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are more likely to be dealt with inappropriately due to their more indolent 
presentation [19–22, 35, 43]. The most common preoperatively presumed diagno-
ses in unplanned soft tissue sarcoma resections have been reported to be lipoma, 
cyst, hematoma, fibroma, abscess, enlarged lymph node, or other benign neoplasm 
[28, 43, 44, 51].

General surgeons account for 42–70% of unplanned resection referrals overall, 
followed by orthopedic surgeons, plastic surgeons, urologists, podiatrists, vascular 
surgeons, primary care providers, and dermatologists [16, 43–45]. This highlights 
the importance of a multidisciplinary approach not just for treatment of these 
patients but for education of the medical community at large with regard to appro-
priate extremity tumor workup and management.

9.4	 �Diagnosis

Accurate diagnosis and staging of the patient is crucial to determining both prognosis 
and treatment options [52]. There is marked heterogeneity of treatment plans offered 
to patients whom have experienced an unplanned resection. Each patient’s treat-
ment plan is largely dependent on histologic subtype, histologic grade, extent of 
previous surgical manipulation, presence of residual disease, and extent of locore-
gional and distant spread of the tumor.

One of the biggest challenges in the treatment of a patient with an unplanned 
resection is determining the presence of residual disease within the manipulated 
field. This knowledge is paramount to determining the necessity of additional sur-
gery. If all a patient experienced was a percutaneous needle biopsy and they present 
with a continued palpable mass, the answer is obvious. However, if a patient expe-
rienced an open, marginal or intralesional resection, the clinical picture becomes 
less obvious.

Although management will be discussed in detail later in this chapter, most 
patients referred after an unplanned resection undergo re-resection of their tumor 
bed in an attempt to gain wide margins around the tumor [28]. Failure to attain wide 
margins increases local recurrence rates from 10–20% to 80–90% [33, 45]. Rates of 
histologically proven residual sarcoma reported in the re-resected surgical speci-
mens are uniformly high (Table 9.2). Similar to previously discussed referral per-
centages for unplanned resections (Table  9.1), these numbers have not changed 
appreciably over time (Table 9.2). Once again, this indicates that despite educa-
tional efforts to promote recognition of soft tissue sarcoma and performance of 
oncologically sound procedures during any tumor resection, the medical commu-
nity at large has not incorporated appropriate oncologic surgical principles into their 
practices. Ostensibly, it would appear that international educational efforts by the 
various professional organizations involved in sarcoma care have fallen well short 
of their goals and have not changed practice patterns over time.

In series where all patients with unplanned resections received re-excision 
regardless of clinical scenario, residual tumor rates in the re-resected specimen 
range from 24 to 72% [3, 4, 17, 19, 25–29, 36, 45, 49, 50, 57–59]. In series where 
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strict criteria were applied (e.g., gross residual disease, positive margins, and ability 
to preserve functional limb) to select re-excision candidates, the rates of tumor-
positive specimens are virtually identical [30, 31, 44].

Unfortunately, there appears to be no way to clinically predict residual disease 
in the tumor/surgical bed. Physical exam of the surgical bed is unable to detect 
residual gross disease when it exists in 33% of resected surgical beds with histo-
logically proven residual disease [4]. Pathology reports from the index procedure 
have been shown to be incorrect after expert review regarding both diagnosis and 
margin status at rates of 37% [43] and 50–82% [3, 36, 43], respectively. MRI to 

Table 9.2  Residual sarcoma found histologically in re-resected surgical beds following unplanned 
resection of soft tissue sarcoma as reported over time

Year Primary author
Cases of unplanned 
resections reported

Cases 
re-resected 
(%)

Histologically tumor-
positive re-resected 
specimens (%)

1985 Giuliano [3] 90 100 51

1995 Zornig [57] 67 100 45

1996 Noria [4] 65 100 35

1996 Goodlad [29] 95 100 59

1997 Davis [25] 104 100 40

1999 Karakousis [39] 63 95 63

2000 Lewis [27] 407 100 39

2000 Siebenrock [51] 16 100 63

2002 Chui [35] 94 73 48

2002 Sugiura [45] 45 100 47

2002 Kaste [52] 24 100 58

2003 Zagars [31] 666 44 46

2004 Wong [15] 18 89 56

2004 Davies [28] 111 100 57

2004 Peiper [58] 110 100 39

2005 Manoso [24] 42 91 42

2005 Rougraff [36] 75 100 65

2006 Fiore [40] 318 100 24

2008 Chandrasekar [30] 363 87 60

2008 Potter [17] 64 100 72

2008 Hoshi [44] 38 58 70

2008 Morii [59] 77 100 45

2009 Rehders [18] 143 97 31

2011 Han [50] 104 100 51

2012 Venkatesan [16] 42 95 74

2012 Qureshi [22] 134 90 48

2012 Alamanda [41] 106 100 73

2013 Kang [49] 121 100 51

2013 Morii [26] 24 100 71
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attempt to visualize residual disease after unplanned resection has been shown to 
have a negative predictive value of 66–86%, a sensitivity of only 56–78%, and 
false-negative rates as high as 19–33% [4, 24, 28, 52]. With no accurate way to 
identify patients at risk, it must be presumed that all unplanned resection patients 
continue to have sarcoma in their surgical bed in order to avoid the pitfalls of miss-
ing the patient with active disease. Due to the poor prognosis of improperly treated 
sarcoma, the trend throughout the field has been to overtreat the few to avoid under-
treating any.

Involving a multidisciplinary team early on is paramount to accurate diagnosis, 
the first step toward determining the treatment plan. Independent review of the 
pathologic specimen and slides from the unplanned procedure by a musculoskele-
tally trained pathologist is key. With greater than 1/3 of the histologic diagnoses 
expected to change [43] and up to 82% of the margin statuses to be reclassified [3, 
36, 43], this can greatly affect the treatment options suitable to the patient.

Additionally, local MRI remains a critical portion of the workup of a patient after 
an unplanned resection [28, 52]. Despite the poor reliability of MRI to detect resid-
ual disease, in select patients with at least 10 mm diameter or 65 cm3 of tumor left 
behind, it is sensitive enough to reveal its extent [28, 52]. Further, MRI can deter-
mine the extent of hematoma, edema, reactive inflammation, and scar tissue created 
by the previous procedural manipulation that is potentially contaminated with tumor 
spillage [28]. These latter findings greatly assist in preoperative planning for deter-
mining the anatomic boundaries required for a wide re-resection. MRI can also help 
denote the extent of neurovascular and cutaneous involvement [28, 52] allowing for 
preoperative subspecialty consultation (vascular, spinal, microsurgical, general, 
and/or plastic surgery), avoiding urgent intraoperative consultations.

MRI spin-echo (i.e., T1, T2, STIR) sequence with and without gadolinium of the 
entire involved bone or limb segment is the test of choice to evaluate the tumor and 
surgical bed. Tumor protocol MRI should be specified in order to avoid nondiagnos-
tic gradient-echo (i.e., proton density, balanced weight, BLADE, FLASH) sequences 
often used in conventional extremity or joint MRI [5]. Involving a musculoskeletal 
radiologist as part of the multidisciplinary team to review both the pre- and post-
unplanned resection images can greatly improve diagnostic accuracy and determine 
extent of anatomic involvement much more precisely. Up to 76% of unplanned 
resections referred with a prior MRI read by a general community radiologist do not 
even mention sarcoma in the differential diagnosis [43].

In only 4.3% of unplanned resections was the possibility of a malignancy consid-
ered by the primary surgeon [28]. Therefore, very few patients are adequately staged 
before reaching a definitively treating musculoskeletal oncology team. Staging of 
the tumor remains an essential part of determining a treatment plan, as the timing 
and types of treatments offered to each patient will vary greatly depending on stage 
[60]. One benefit of having an unplanned procedure is that the tissue diagnosis is 
often already made by the time the patient in question reaches an orthopedic oncol-
ogy team for evaluation. Staging starts with local imaging of the anatomic site of 
tumor with MRI as outlined above and possibly a plain radiograph or CT scan if 
bony involvement is suspected/confirmed. Sarcomas preferentially metastasize to 
the lung most commonly, followed by bone, and rarely to lymphatics and other soft 
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tissue sites [60]. Therefore, CT scan of the chest without contrast and whole-body 
technetium or sodium fluoride bone scan are the tests of choice to evaluate these 
most common metastatic sites.

Additional staging studies can be valuable depending on specific histologic sub-
types of sarcoma. Myxoid liposarcoma may exhibit unusual patterns of metastasis 
to retroperitoneal and intrabdominal, extrahepatic sites [61], so a CT scan of the 
abdomen and pelvis with oral contrast is required during staging of this particular 
tumor. While PET imaging is still somewhat controversial, there are some histo-
logic subtypes that can benefit from staging with a PET, including Ewing sarcoma 
[62], sarcomas with a predilection for lymph node metastases [63] (e.g., rhabdo-
myosarcoma, alveolar soft part sarcoma, clear cell sarcoma, epithelioid sarcoma, 
angiosarcoma, and synovial cell sarcoma [60]), and malignant peripheral nerve 
sheath tumors in the setting of neurofibromatosis [64]. Further, bone marrow biopsy 
is often required in the staging of Ewing sarcoma [62] and alveolar rhabdomyosar-
coma [65] particularly in the absence of PET imaging.

9.5	 �Outcomes

The types of patients receiving unplanned resections have been explored to deter-
mine risk factors for referral or outcome following such instances. Insurance cover-
age or distance from a tertiary center with an orthopedic oncologist has not been 
shown to affect the types or amounts of patients being referred after an unplanned 
sarcoma resection [21]. Referrals based on hospital type, however, have been shown 
to affect outcomes. Patients referred from tertiary referral centers to a musculoskel-
etal oncologist have been compared to patients referred from non-tertiary centers. 
The tertiary center referrals have lower rates of local and distant tumor recurrence 
despite the patients having larger and higher-grade tumors [49]. This may be the 
result of more oncologically appropriate procedures being performed by surgeons 
with increased experience with tumor resections seen at larger centers.

When looking directly at patient outcomes following an unplanned resection, 
there are two broad categories that need to be addressed: oncologic and treatment-
based outcomes. Oncologic outcomes are those that deal specifically with the tumor 
and the diseased state caused by the tumor (e.g., local recurrence, metastases, sur-
vival). Treatment-based outcomes include those directly related to the surgery, che-
motherapy, and/or radiotherapy administered to the patient. This includes functional 
outcomes, treatment-induced morbidity and side effects, psychological outcomes, 
and need for further treatment.

9.5.1	 �Oncologic Outcomes

Oncologic outcomes have been very inconsistent among reported series on 
unplanned sarcoma resection. Several studies favor worse oncologic prognoses [4, 
11, 13, 17, 18, 22, 25, 42, 45–47, 51] for unplanned resection patients compared to 
planned, while others report no difference [10, 14, 18, 19, 23, 26, 32, 33, 39, 41, 59] 
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among the cohorts. Only one study to date reported paradoxically improved onco-
logic prognosis in unplanned resections compared to planned [27].

One inherent issue as discussed previously with regard to studying sarcoma and 
its unplanned resection is the very low numbers available for critical review. The 
average number of cases reported in Table 9.2 is only 125 per study. Small study size 
is a frequent problem when attempting to analyze rare tumors and likely underpow-
ers many of these studies [33] to detect differences in outcome. Further, with few 
exceptions, almost all the reported series represent a widely heterogeneous group of 
tumors. The prognostic implications of reaming a conventional osteosarcoma is far 
different than a marginal excision of a 1 cm subcutaneous, low-grade soft tissue sar-
coma. However, in many series, these entities are lumped together and treated as the 
same circumstance of “unplanned resection” for statistical purposes. Again, the large 
number of small, subcutaneous sarcomas experiencing unplanned resection likely 
skews oncologic outcomes toward no difference from planned resections because of 
the better prognosis of these tumors in general [39]. Therefore, the numerous cases 
obviously worsened by an unplanned resection may not hold statistical weight in 
large series. This renders sweeping statements about the difference, or lack thereof, 
in outcomes in all unplanned resections very dangerous and erroneous.

A few studies have attempted to stratify the different sarcomas when determining 
oncologic outcomes to help elucidate the true effects of unplanned resection per prog-
nostic sarcoma presentation. Most notably, worse prognosis after unplanned excision 
has been shown for high-grade tumors and for more advanced stage of disease when 
compared to similar patients with low-grade or early stage disease experiencing a 
planned resection [17, 22]. As predicted, one series showed no difference in metas-
tases or change in disease-specific survival when the cohort of unplanned resections 
were compared en masse to planned resections. However, when the tumors were 
stratified by grade, it was found that high-grade tumors were associated with higher 
rates of metastases and worse disease-specific survival after an unplanned resection 
compared to planned [22].

Multiple studies have found increased metastatic rates and worse local recur-
rence, relapse-free survival, or overall survival rates only in patients with residual 
disease in their re-resected specimens [17–19, 25, 26, 45]. By only reviewing sub-
cutaneous sarcomas, another series demonstrated that local control cannot be as 
reliably obtained in this subset of patients compared to planned resections and that 
in tumors with their largest dimension ≥4  cm, disease-free survival was signifi-
cantly worse than matched patients that underwent planned excision [36].

A specific outcome consideration for treatment following unplanned osseous 
sarcoma resection is that too little tumor is often left in the re-resected specimen to 
properly evaluate chemotherapy-induced tumor necrosis. This causes significant 
treatment dilemmas, as assessing tumor necrosis may help determine adjuvant sys-
temic chemotherapy options and prognosticating outcomes [10]. Further, by com-
parision, oncologic and surgical outcome alterations following an unplanned 
resection mimic those of a pathologic fracture through an osseous sarcoma, a poten-
tial indicator of poorer prognosis [46].

One important consideration for oncologic outcomes after treatment of an 
unplanned resection is the manner in which re-resection is conducted. A major issue 
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with unplanned procedures includes anatomically inappropriate positioning of a 
biopsy or an attempted resection surgical tract. Safe limb salvage would be pre-
cluded by use of these planes, and the decision may then be made to proceed with a 
standard resection approach away from the previous unplanned procedure. This can 
greatly increase the risk of local recurrence and secondarily worsen survival param-
eters if the previous tract seeded by tumor violation is not also removed in its 
entirety with the tumor [47, 66–68].

Only one study to date directly compared re-resected sarcoma in those whom 
previously experienced planned and unplanned resections. They found that overall, 
metastasis-free and local recurrence-free survival was no different between the two 
cohorts [56]. Although not specifically discussed, the re-resections in prior planned 
surgeries were presumably due to local recurrence, while re-resections in prior 
unplanned surgeries were part of the treatment standard of re-resection of any 
potentially contaminated tumor bed [5]. Thus, it may be inferred that overall, 
metastasis-free and local recurrence-free survival of unplanned resections mimic 
those of recurrence in planned resections, a known poor prognostic indicator [40, 
47]. Interestingly, delays in definitive treatment after an unplanned resection as long 
as 92 days after the initial procedure have not been associated with any significant 
oncologic outcome alterations [19, 41, 50].

9.5.2	 �Treatment-Based Outcomes

Contrary to the inconsistencies seen with regard to oncologic outcomes, the litera-
ture is quite clear with regard to treatment-based outcomes: they are ubiquitously 
worse following an unplanned resection. Unplanned manipulation of osseous sar-
coma invariably increases the risk of subsequent amputation during re-resection 
[10, 11, 13, 46, 47]. Due to the large amounts of anatomy now exposed to (and 
therefore assumed to be contaminated with) tumor, a wide (at least 2 cm cuff of 
normal tissue [38, 39]) margin resection for adequate oncologic treatment often 
obviates a postoperative functional limb. If limb salvage is still attempted at re-
resection, local recurrence rates are higher [13, 46] despite tumors referred after 
unplanned resection being smaller than those typically referred for planned primary 
resection [11]. When there is a local recurrence of sarcoma, this further increases 
the risk of secondary amputation [12, 47].

Soft tissue sarcoma re-resections also exhibit higher amputation rates compared 
to planned primary resections [15–18, 22, 24, 41–45, 51, 56] for the exact same 
reason as osseous tumors. If major neurovascular bundles, joints, or multiple com-
partments have been contaminated by any previous unplanned manipulation, an 
oncologically sound resection often requires that the entire limb be sacrificed to 
obtain a tumor-free margin. Likewise, re-resection when limb salvage is possible 
often involves greater need for flap coverage, soft tissue reconstruction, bone graft-
ing, nerve resection, multiple surgeries to obtain wide margins, or increased wound 
complications [15–18, 22, 24, 26, 41, 43–45, 51, 56, 59]. Despite these findings, 
functional scores and emotional acceptance appear to be equivocal between patients 
whom have received planned versus unplanned resections [24, 26, 45, 59]. This may 
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be explained by many patients’ willingness to accept any functional or cosmetic 
outcome in exchange for eradication of their cancer.

The more morbid surgery required as a result of wound contamination with 
tumor is nearly uniformly a result of the poor unplanned resection technique (e.g., 
transverse extremity incisions, wide suture closure, hematoma formation, drains 
placed not in-line with incision, failure to plug any bony windows, adjacent com-
partment violation, joint or neurovascular contamination [5, 44, 51]) and rarely due 
to the extent of the presenting tumor [5, 69]. It can be inferred that the vast majority 
of the worse surgical outcomes seen may have been avoided with an appropriately 
planned initial resection. Even in oncologically sound resections, inadvertent tumor 
spillage into the wound can worsen local control rates, which secondarily can affect 
distal relapse rates [68].

It has been shown that even after an unplanned resection has been performed, the 
treating physician often fails to realize the gravity of the situation. The recommen-
dations and expectations conveyed to the patient after the unplanned resection have 
only been in concert with the final orthopedic oncologist’s recommendations 45% 
of the time, significantly increasing patient anxiety and confusion [43]. Thus, once 
an unplanned resection has been identified, referral delays should be minimized and 
treatment recommendations should be deferred to the definitively treating musculo-
skeletal oncologist.

It goes without saying that adding a re-resection as a second procedure greatly 
increases direct medical costs for these patients. Because the re-resection is techni-
cally more demanding than a primary planned resection would be, the re-resection 
is often billed at a higher rate due to the increased time based upon CPT modifiers 
and increased procedure codes used [20]. Additionally, management of these 
patients often require more frequent multidisciplinary consultations due to the 
increased need for vascular procedures, soft tissue reconstruction, and wound com-
plications [15–18, 22, 24, 26, 43, 44, 56]. It has been shown that professional 
charges increase by 33% and overall cost increases by 11% for the re-resection 
compared to the cost of a primary planned sarcoma resection [20]. When this cost 
is added to the costs already billed in the primary unplanned resection, the overall 
cost of treatment is more than double for these patients compared to those treated 
definitively with a planned resection.

Because of the worse oncologic and treatment-based outcomes, the initial phy-
sician involved in the unplanned resection often experiences medicolegal conse-
quences. Average indemnity payments for sarcoma-related medical malpractice 
are several-fold higher compared to general claims within all specialties (Fig. 9.1). 
According to the work of Mesko et al., delay in diagnosis (81%) and unnecessary 
amputation (11%) account for the majority of complaints with wrongful death cited 
in 39% of cases. In cases decided in favor of the plaintiff, mean indemnity pay-
ments of $2.3 million (adjusted to 2012 US dollar amounts) have been awarded. 
The average jury verdict award amount of $3.9 million is almost triple that of the 
average settlement amount of $1.4 million. The greatest numbers of claims are filed 
against primary care specialties (34%), orthopedic surgeons (23%), and radiolo-
gists (12%) [70].
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9.6	 �Management

There have been pleas for prevention as the best treatment [5, 17, 69] to avoid 
unplanned resection of sarcoma ever since the problems with it were first recog-
nized in 1985 [3]. However, these unfortunate events continue to occur at an alarm-
ingly unchanged rate over 30 years later. The optimal management of these patients 
requires multidisciplinary “damage control” as a means of salvaging these difficult 
cases. The goal of treatment in these patients is to improve oncological prognosis 
while optimizing functional, cosmetic, and psychiatric outcomes.

As mentioned previously, the involvement of a multidisciplinary team should 
begin at initial presentation during diagnosis, workup, and staging of the patient in 
order to determine and administer a treatment plan in as timely a fashion as possi-
ble. Having a sarcoma tumor board or designated multidisciplinary sarcoma treat-
ment team is the essential beginning to optimizing management and outcomes of 
these patients.

The core sarcoma treatment group should be composed at minimum of ortho-
pedic (musculoskeletal) oncology, radiation oncology, medical oncology, muscu-
loskeletal pathology, and musculoskeletal radiology [52]. Other disciplines that 
should serve as an ancillary team include pediatric oncology, pediatric surgery, 
pediatric orthopedic surgery [52], surgical oncology, vascular surgery, microsur-
gery, gynecologic surgical oncology, neurosurgery, urology, cardiothoracic surgery, 
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plastic and reconstructive surgery, cosmetic surgery, otolaryngology, general 
practitioners, psychiatry, palliative care, and end-of-life care (e.g., Hospice), among 
other disciplines.

Another adjunctive team that should be involved with both the core and ancillary 
teams is physical medicine and rehabilitation (PM&R). This team includes a physi-
cian PM&R specialist, physiotherapists, occupational therapists, speech therapists, 
and vocational counselors and can include pain management specialists, prosthe-
tists, dieticians, social workers, and case managers as well. This is the team that will 
be part of the care of the patient from diagnosis through treatment and follow-up 
that will deal with the patient’s function, general well-being, and integration into the 
workplace with their new physical limits. These limits depend greatly on the type, 
anatomic area, and morbidity of the surgery received (e.g., amputation, nerve resec-
tions, muscle resections). The rehab team is optimized to obtain the greatest func-
tion possible with what the patient has left after treatment and can provide assistive 
devices, edema control, custom bracing, durable medical equipment, and external 
prosthetics when needed to improve function and provide pain relief.

9.6.1	 �Core Team

The core team mentioned above are the disciplines whose input should be involved 
in the care of all presenting sarcomas. Ideally, this team should have an established 
frequent “sarcoma conference” where these difficult cases can be discussed as soon 
as the unplanned resection patient presents to any member of the team. This disease-
specific tumor board should also function to provide an environment for any other 
physician/discipline to present cases they believe to be unplanned resections. This 
can help facilitate an appropriately sequenced treatment plan, familiarize each phy-
sician to be involved in the care of the patient with the unique presentation to pre-
vent communication errors, and eliminate treatment delays or redundancy by 
establishing follow-up visits and diagnostic testing plans as a group.

Optimal management for local treatment of unplanned resections includes wide 
re-resection of the surgical bed [28]. Orthopedic oncology is necessary for the surgi-
cal considerations of re-resection of all trunk, retroperitoneal, and extremity sarco-
mas. An orthopedic oncologist’s experience with the behavior and natural history of 
the different histologic subtypes of sarcoma makes their input invaluable even if 
they will not be directly involved with any planned re-resection procedure (e.g., 
solid organ or central nervous system sarcomas, dural hemangiopericytomas, head 
and neck sarcomas, and gastrointestinal stromal tumors).

It has been suggested that radiotherapy as monotherapy for treatment of 
unplanned resections can result in high morbidity due to the field size and dosage 
required for adequate local control and is less effective than surgery alone or com-
bined surgery with radiotherapy for local control [31, 48]. However, radiation 
oncology should still be available to offer their opinion regularly in the care of these 
patients precisely because of their combined role with surgery in the local control of 
the sarcoma [24, 68, 71]. The frequency of positive margins seen with unplanned 
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resection [15–18, 22, 24, 26, 43, 44, 56], the number of high-grade tumors referred 
[23] that benefit from radiotherapy, and the fact that even some low-grade sarcomas 
can benefit from radiotherapy [72] are considerations that radiation oncology can 
add to the conversation. Further, a radiation oncologist familiar with sarcoma can 
help determine whether any treatment would have a greater benefit in the neoadju-
vant versus the adjuvant setting with respect to the planned re-resection [37, 73].

With regard to medical oncology, ideally a sarcoma specialist or someone with a 
special interest in sarcoma should be included in the primary team, as there are 
unique dosing and chemotherapy considerations specific to sarcoma. Opinion can 
be obtained if there is any roll for chemotherapy in the adjuvant or neoadjuvant set-
ting for the primary tumor. Chemotherapy is a requirement for the treatment of 
certain sarcomas [54, 74–77]. There is some limited data for soft tissue sarcomas to 
suggest outcomes are improved, the tumor can be downstaged, or resectability of a 
presenting tumor can be improved with neoadjuvant chemotherapy in certain cir-
cumstances [78]. The medical oncologist should be readily available to help make 
these determinations on a case-by-case basis. Because of the potential for increased 
distant relapse in unplanned resection patients [4, 11, 13, 17, 22, 25, 46, 47], the 
medical oncologist can be involved with long-term follow-up such that treatment 
can begin without delay in the event of this unfortunate circumstance.

As mentioned previously, the musculoskeletal pathologist should be involved 
early on to independently review the outside specimen. They should confirm the 
diagnosis and margin status before any treatment proceeds. Although this may 
require significant effort, routine review is critical given the high percentage of 
errors found in community pathology reports [3, 36, 43]. Further, they are para-
mount to care post-re-resection by determining margin status, confirming the diag-
nosis, determining presence of residual tumor, and denoting any areas of 
dedifferentiation, as all of these variables can greatly affect adjuvant treatment 
options and surveillance schedule [52]. The availability of prior pathology is critical 
to help the musculoskeletal pathologist detect and distinguish microscopic residual 
tumor in the re-resection specimen from the significant reactive changes that are 
frequently present from the prior procedure.

Likewise, the musculoskeletal radiologist should be primarily involved to review 
any imaging to confirm that the clinical picture matches the diagnosis and to aid in 
determining residual tumor and re-resection anatomic boundaries. Ideally, they 
should be skilled in interventional radiology for the purpose of image-guided biop-
sies or ablations when indicated. If not, a specific interventional radiologist should 
be included in the primary sarcoma team.

9.6.2	 �Ancillary Team

The ancillary team should be available for the unique, case-by-case needs of the 
unplanned resection patients due to the heterogeneity of their presentation. Any 
member of this team can and should be part of the core team if they have a special 
interest or are routinely involved in the care of sarcoma patients, which varies from 
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institution to institution. Physicians often involved in the care of these patients that 
should be included in the ancillary team when needed include primary care special-
ties and any additional surgical or medical subspecialty that may be indicated 
depending on patient comorbidities or specific anatomic considerations of the tumor 
and its spread.

The members of this team are those involved when special circumstances dictate. 
If complex reconstruction following resection is being considered (e.g., soft tissue 
flaps, vascular-pedicled bone autografts), plastic surgery, vascular surgery, or micro-
surgery should be considered. If specific anatomic involvement is present (e.g., spi-
nal canal, head/neck, thorax, abdominopelvic organs), then the surgical subspecialty 
specific to that area should be involved with the definitive resection. Further, because 
there can be benefit from oligometastatic disease resection or ablation [79, 80], the 
specific subspecialist or interventionalist should be consulted depending on the 
location of metastatic involvement when the clinical situation dictates.

Finally, the clinical management of the patient as a whole must be comprehen-
sive for optimal management of sarcoma patients. Particularly, the complex situa-
tion of increased anxiety after a cancer diagnosis has been determined, and the 
poorer outcomes seen following unplanned resection often require the need for psy-
chiatric, clerical, palliative, or end-of-life care. Dealing with cancer can be very 
difficult for the individual patient as well as friends and family, from the standpoint 
of grief, disbelief, monetary issues from medical costs, and often anger toward the 
initial physician involved in the unplanned resection [81]. Palliative care alone has 
been shown in several randomized trials to improve outcomes, decrease anxiety, and 
actually prolong life in the care of terminal cancer patients [82, 83]. The benefit and 
importance of these ancillary disciplines can’t be overstated.

9.7	 �Case Examples

As shown above, there is a litany of outcomes that can come as a result of an 
unplanned resection. These can range from no change in surgical or oncological 
outcome as a result of the tumor manipulation, to rapidly fatal progression of dis-
ease in extreme cases. As alluded to earlier, statistical measures often fall short of 
truly describing the issues associated with unplanned resections. Because not all 
studied tumors exist in a homogeneous patient population, carry the same anatomic 
boundaries, or possess identical intrinsic biology and aggressiveness, it is difficult 
to truly study these small numbers without lumping them all together.

Below are case examples of the most common outcome categories seen in 
unplanned resections and the multidisciplinary considerations that were applied to 
each patient in an effort to minimize the morbidity and mortality that can follow 
from an unplanned resection. The heterogeneity of the cases highlights the way 
certain aspects can be easily overlooked if all of these cases were to be combined 
into one series of “unplanned resections.” All cases discussed below presented and 
were treated in 2014 at the authors’ institutions and serve to highlight ongoing 
contemporaneous issues associated with unplanned resection of sarcoma.
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Case 1: No alteration of outcome
As discussed previously, small, subcutaneous lesions often undergo unplanned 
resection with very little consequence [36, 51]. However, even large, deep, high-
grade tumors can experience an unplanned resection with little effect on outcome 
when treated appropriately. To reiterate, the major oncologic goal of treatment dur-
ing salvage of an unplanned resection is to restore prognosis to identical that of a 
planned resection.

An example of such a case involves a 61-year-old female referred to a commu-
nity general surgeon with a massive upper back tumor (Fig. 9.2). The surgeon per-
formed an open intralesional biopsy via a large transverse incision with very wide 
suture closure (Fig.  9.3). The subsequent pathology report revealed a histologic 
diagnosis of high-grade undifferentiated pleomorphic sarcoma, and thus the patient 

Fig. 9.2  Axial fat-satured 
T1-weighted MRI with 
gadolinium contrast 
enhancement of a massive 
thoracic superficial back 
sarcoma with large necrotic/
hemorrhagic central contrast 
void

Fig. 9.3  Transverse 
incision with wide mattress 
closure following  
community-based open 
biopsy of a massive back 
sarcoma
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was then referred to orthopedic oncology. However, this referral came 3 months 
after her initial referral to the general surgeon.

She was immediately discussed in a multidisciplinary sarcoma conference with 
confirmation of the diagnosis by a musculoskeletal pathologist. Because of the mas-
sive size of the tumor, the lack of patient comorbidities, and a subcentimeter pulmo-
nary nodule suspicious for metastatic disease (Fig.  9.4a), the general consensus 
reached at the conference was that she was an ideal candidate for induction adria-
mycin/ifosfamide chemotherapy. The patient tolerated the chemotherapy well and 
had an excellent clinical response to the chemotherapy with softening of the mass 
and stabilization of the pulmonary nodules.

She subsequently underwent wide re-resection taking the large surgical tract en 
bloc with the tumor (Fig. 9.5). Because of the unique location on the back, excision 
of the 10 cm wide tract of skin was able to be easily apposed with a tension-free 
closure (Fig. 9.6). The patient healed uneventfully and returned to daily swimming at 
3 months postoperatively. The pulmonary nodule has remained stable at the latest 

a

b

Fig. 9.4  (a) Axial CT 
denoting a plural-based 
pulmonary nodule (arrow) 
suspicious for metastatic 
disease at initial patient 
presentation. Of note, the 
left-sided massive soft 
tissue mass can be seen in 
the dorsal soft tissues. (b) 
Six-month postoperative 
axial CT demonstrating no 
interval growth of the 
pulmonary nodule (arrow). 
Of note, the left-sided 
massive soft tissue mass 
has been resected from  
the dorsal soft tissues
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a

b

Fig. 9.5  (a) Intraoperative 
photograph during 
re-resection of a massive 
back soft tissue sarcoma 
following unplanned 
inappropriate biopsy 
procedure. (b) Wound 
closure with trapezius 
advancement to gain 
appropriate coverage, 
post-operative function,  
and tension-free closure

Fig. 9.6  Six-month 
follow-up evaluation 
showing a well-healed 
longitudinal incision  
and excellent functional 
outcome with symmetric 
overhead shoulder range  
of motion despite partial 
resection of periscapular 
musculature to obtain wide 
surgical margins at the 
time of tumor re-resection
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follow-up 6 months postoperatively (Fig. 9.4b) with no evidence of recurrent disease 
at the surgical site. It would appear her risk for local and distant relapse at this point 
is identical that of a planned primary resection in the same clinical setting. However, 
because of the time gap in referral, she may have been spared the chemotherapy had 
she been primarily referred to orthopedic oncology sooner.

Case 2: Increased morbidity of surgery without additional reconstruction needed
Often an unplanned resection can be salvaged with a more morbid re-resection that 
doesn’t necessarily need to involve amputation or complex reconstruction. Such a 
case involves a 31-year-old male who had a “bump” on his back for several years 
before rapid growth of it commenced approximately 1 year prior to his presentation 
to a musculoskeletal oncology team.

Unfortunately, he presented to three outside surgeons first who all attempted an inci-
sion and drainage for presumed refractory abscess. The last two surgeons sent a portion 
of the evacuated tissue to a community pathologist that returned the diagnosis of a 
benign fibrous tumor. By the time he was referred to a musculoskeletal oncology team, 
he had experienced three separate unplanned procedures through three separate widely 
spaced incisions, had no local advanced imaging or systemic staging, and experienced 
continued rapid growth of his tumor throughout his pre-referral course (Fig. 9.7).

a

bFig. 9.7  (a) Axial fat- 
satured T1-weighted MRI 
with gadolinium contrast 
enhancement of a massive 
superficial lower back 
sarcoma with fungation and 
large necrotic/hemorrhagic 
central contrast void.  
(b) Clinical photograph  
of the patient’s tumor with 
central malignant ulceration 
noted by extensive eschar 
formation
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Following consultation with a multidisciplinary sarcoma treatment group, the 
outside pathology slides were reviewed resulting in a diagnosis of dermatofibrosar-
coma protuberans (DFSP). The patient underwent wide re-resection of the tumor 
and surrounding skin from the region of fungation and prior procedures. This left a 
massive defect over his lower back (Fig. 9.8), but because of the amount and mobil-
ity of truncal skin, he was able to be closed via multiple V-Y advancement flaps by 
the plastic and reconstructive surgery team (Fig. 9.9). He did not require free flaps, 
tissue transfers, or skin grafting, but a significant portion of the skin could have been 
saved obviating the morbid closure had he not had multiple scattered incisions into 
the tumor across the lower back or had he been referred sooner when his tumor was 
much smaller. He did go on to heal his wounds and secondarily granulate the open 
confluence by 2 months postoperatively.

His resected tumor (Fig. 9.10) was meticulously evaluated for signs of fibrosar-
comatous degeneration, given its massive size [84], but no such histopathologic 
change was not found. Because DFSPs are characteristically indolent with a ten-
dency to locally recur, but with a low propensity to metastasize [85], it is likely that 
his oncologic outcome is and will be similar to a planned DFSP resection. However, 
the massive scarring and months-long healing process may have been avoided with 
appropriate workup and primary planned resection at the time of his initial presenta-
tion to an outside facility 1 year prior, while the lesion was most certainly smaller 
and no additional incisions had been made in the skin. Correct initial pathologic 
analysis by a musculoskeletally trained pathologist may have facilitated earlier 
referral as well.

Fig. 9.8  Intraoperative 
photograph demonstrating 
massive skin loss with 
uncoverage of nearly the 
entire dorsal sacral and 
buttock region at the 
expense of an 
oncologically-sound 
re-resection of the sarcoma
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a

c

b

Fig. 9.9  (a) Intraoperative photograph showing V-Y advancement flaps for closure without tissue 
transfer. (b) Final wound closure with (c) open central confluences treated with vacuum-assisted 
closure for healing by secondary intention

Fig. 9.10  Clinical  
photograph of the  
re-resected fungating 
sarcoma and adjacent skin 
with multiple, wide-spread 
unplanned procedure healed 
incisions (arrows)
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Case 3: Increased morbidity of surgery with additional reconstruction needed
Many post-procedural contaminated tumor fields require very large segments of 
tissue removal in order to attain a wide, tumor-free margin at re-resection. As a 
result, adjacent bone, skin, muscle, and/or neurovascular bundles have to be 
sacrificed that otherwise were not involved with the primary tumor in situ. 
Quite often this additional resection in the setting of limb salvage requires some 
form of reconstruction to maintain a functional limb: bone grafting or endo-
prosthetics for bony defects, neurovascular grafting or bipass for vital neuro-
vascular bundle resections, and flaps, skin grafting, or free tissue transfers for 
soft tissue defects.

This predicament was seen in a 75-year-old male who required soft tissue recon-
struction for limb salvage after unplanned resection without overt alteration of his 
oncologic outcome. He initially presented to a community institution with signs, 
symptoms, and plain radiographs consistent with end-stage degenerative gonarthro-
sis. He was taken to the operating room for a total knee arthroplasty, but upon skin 
incision, a juxta-articular mass was encountered. This was presumed to be a menis-
cal cyst and was removed piecemeal with a rongeur. However, the surgeon recog-
nized upon the intralesional procedure that the mass was not cystic at all and astutely 
abandoned proceeding further until pathology was known on the resected 
specimen.

Unfortunately, the pathology report came back consistent with a pleomorphic 
rhabdomyosarcoma, a highly aggressive tumor that carries with it a very poor 
oncologic prognosis in older adults [74, 75]. The patient was promptly referred to 
orthopedic oncology and discussed at the biweekly sarcoma conference. Given 
the rarity of this pathology in adults, the first step was confirmation of the diagno-
sis by a musculoskeletal pathologist and MRI review by a musculoskeletal radi-
ologist (Fig. 9.11). Once the diagnosis and anatomic boundaries were confirmed, 
the patient was staged with PET-CT that was negative for metastatic disease 
(Fig. 9.12a). Because of the anticipation of a large soft tissue defect upon review 
of MRI, plastic surgery was consulted, and a combined surgical resection and 
staged reconstruction plan was developed between them and orthopedic oncology. 
Because of the well-coordinated multidisciplinary effort, the patient was able to 
undergo re-resection within 2  weeks of presentation to the orthopedic 
oncologist.

The re-resection required burring of the adjacent tibia and removal of a very 
large region of skin overlying the knee joint (Fig.  9.13a). Once final margins 
were determined to be negative, plastic surgery performed a local gastrocnemius 
flap reconstruction with split thickness skin graft several days later (Fig. 9.13b). 
The wound did heal by 6 weeks postoperatively (Fig. 9.13c), but the patient’s 
function was limited secondary to pain, leg weakness, and edema. However, con-
sistent with the aggressivity of the patient’s disease [74, 75], he subsequently 
developed locoregional lymph node metastases 3 months postoperatively. He was 
immediately evaluated by the medical oncologist in the core sarcoma treatment 
team who already had familiarity with the patient from the sarcoma conference 

9  Multidisciplinary Approach to Salvage of Unplanned Sarcoma Resections



160

a b

Fig. 9.11  A 75-year-old male with confirmed pleomorphic rhabdomyosarcoma following 
unplanned resection. (a) Clinical photograph of the patient’s incision and palpable tumor/postop-
erative hematoma outlined with the methylene blue pen. (b) Axial fat-saturated T2-weighted MRI 
following the unplanned resection. Note the large anteromedial residual tumor focus with exten-
sive perilesional post-surgical edema and hematoma formation

a b

Fig. 9.12  (a) Full-body SPECT PET CT obtained for tumor staging prior to re-resection demon-
strating isolated increased metabolic activity about the right knee. (b) Axial PET CT obtained for 
tumor restaging 3 months postoperatively demonstrating marked avidity of the ipsilateral inguinal 
lymph nodes that contained confirmed metastatic disease by biopsy
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meetings. However, the patient progressed rapidly with widespread metastases 
(Fig.  9.12b) and succumbed to his disease 4  months postoperatively, not ever 
able to begin chemotherapy.

Because of the intrinsic biology of his presenting tumor, it is likely that his onco-
logic outcome and death were not related to the intralesional procedure; although, 
there is no way to definitively conclude this. However, the requirement of the large 
soft tissue reconstruction and bone burring could have been prevented with an 
appropriate planned resection. Although the patient died of metastatic spread of the 
disease, he may have had a better functional outcome with better pain control for his 
remaining life with an oncologically sound initial resection.

Case 4: Unnecessary amputation
A 69-year-old female with a history of uncontrolled atrial fibrillation and severe 
dilated cardiomyopathy presented with a massive dominant arm antecubital soft 
tissue tumor with impending fungation (Fig.  9.14). She had experienced 3 prior 
unplanned, intralesional debulkings and irrigation/debridements over a 5-year 
period prior to referral. She was immediately discussed at the biweekly multidisci-
plinary sarcoma conference. She was offered a percutaneous biopsy, which revealed 

a

c

b

Fig. 9.13  (a) Intraoperative photograph following wide re-resection of a pleomorphic rhabdo-
myosarcoma demonstrating exposed tibia and adjacent knee joint capsule with no remaining soft 
tissue coverage. (b) Pedicled local gastrocnemius flap used for soft tissue coverage of the surgi-
cal defect performed 5 days after re-resection once permanent specimen margins were confirmed 
negative. (c) Complete healing of the gastrocnemius flap covered by split-thickness skin graft 6 
weeks post-operatively
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a diagnosis of synovial cell sarcoma; staging studies revealed numerous metastatic 
pulmonary nodules (Fig. 9.15).

Given her age and cardiac history, she was not an appropriate candidate for first-
line, high-dose, cytotoxic chemotherapy. Therefore, her prognosis was very grave 
given the clinical stage and limited treatment options. Further, because of the size 
and location of the tumor, she had extensive distal upper extremity lymphedema and 
neurologic deficits, leaving a heavy, painful, non-functioning arm.

As a result of her many surgeries and prolonged time to referral allowing 
increased growth, the entire elbow was infiltrated with tumor (Fig. 9.16). After a 
thorough discussion with the multidisciplinary team, she underwent successful 
above-elbow amputation as a palliative measure. She went on to heal very well 
(Fig. 9.17) with excellent shoulder function and required no pain medication. She 
was subsequently treated with palliative chemotherapy and is still alive at 6 months 
postoperatively. However, it is likely that she will not experience complete disease 
remission in her remaining life [86].

With a massive, infiltrative tumor leaving behind a painful, non-functioning 
limb, amputation can provide an excellent outcome [87]. However, with the likeli-
hood of dying of her disease, living her remaining life without her dominant upper 
extremity is certainly morbid and function limiting. Given the size and stage of 

Fig. 9.14  Clinical 
photograph of a massive 
antecubital soft tissue 
sarcoma with impending 
fungation, extensive 
scarring from prior 
unplanned procedures,  
and robust edema distally 
due to local lymphatic  
and venous compression 
from the tumor bulk

Fig. 9.15  Axial chest CT 
showing metastatic 
pulmonary synovial cell 
sarcoma
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Fig. 9.16  Sagittal fat-saturated 
T2-weighted MRI of a 69-year-old 
female with confirmed synovial cell 
sarcoma following multiple unplanned 
resections over a several year course 
showing extensive lobular local 
infiltration of disease including 
involvement of the radiocapitellar joint

Fig. 9.17  Clinical photograph at 6 
month follow-up following above elbow 
amputation showing excellent local 
wound healing
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the tumor coupled with the length of time and multiple surgeries between initial 
presentation and the time when she was finally referred to orthopedic oncology, 
it is quite possible that a local limb-sparing resection may have been initially pos-
sible. Likewise, the chance for cure would have been much higher if the tumor had 
not spread to the lungs yet at that time. However, the sad part of care for patients 
experiencing unplanned resections of sarcoma is that these suppositions will never 
be known with any certainty.

Case 5: Death
This case was briefly mentioned in a previous publication regarding unplanned 
resection of sarcoma [5] but will be discussed in greater detail here. It involves 
an otherwise healthy 48-year-old female who presented initially to the orthope-
dic oncologist’s outpatient office in a wheelchair with failure to ambulate. History 
revealed a mass found in her left thigh after “bumping” into her bathroom coun-
ter 6  months previous. She presented at that time to a community orthopedic 
surgeon who presumed a hematoma and aspirated 500 mL of fluid from the thigh. 
The fluid collection rapidly reaccumulated over a few weeks, and she was then 
taken to the operating room for an evacuation, irrigation, and debridement. 
Following that procedure, she reaccumulated the mass and began to show signs 
of wound infection. She was taken back to the operating room for a second 
debridement and application of a wound vacuum-assisted closure (VAC). After 
2 months of failure of the VAC to cure her infection, she was referred to muscu-
loskeletal oncology due to the complexity of the condition. No imaging was 
done, and none of the aspirated or evacuated tissues were ever sent for pathologic 
analysis or culture.

Physical examination at the orthopedic oncology clinic revealed a hot, edema-
tous thigh with intense rubor and a wound VAC apparatus over a 5 cm wound on the 
anterolateral left mid-thigh. She was slightly tachycardic and was direct admitted to 
the hospital for monitoring and workup. Overnight she went into septic shock and 
gross purulence was seen at the VAC site.

She was taken urgently to the operating room for irrigation and debridement, 
culture, and biopsy of the large, suspicious mass seen on the imaging done upon 
admission (Fig.  9.18). Cultures of the wound revealed polymicrobial growth 
with mixed bacterial and fungal organisms, including Candida tropicalis, 
vancomycin-resistant Enterococcus, and Escherichia coli, and she was begun on 
appropriate parenteral antibiotics and antifungals in accordance with infectious 
disease consultation. Biopsy revealed a high-grade hemorrhagic extraskeletal 
osteosarcoma. Staging was then done that revealed a solitary pulmonary metas-
tasis (Fig. 9.19a).

This case was discussed at the multidisciplinary sarcoma conference, with a plan 
to begin chemotherapy once the infection was adequately treated. However, the 
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patient continued to show signs of infection after several days of systemic antibiot-
ics and was thus taken for wide resection of the entire infected tumor cavity. This 
unfortunately necessitated a massive radical anterior thigh compartment resection 
along with the tumor (Fig. 9.20). The patient continued to decline and serial imag-
ing demonstrated rapid progression of her pulmonary disease (Fig. 9.19b, c). She 
was never able to regain her ambulatory status and was never medically stable 
enough to begin systemic cytotoxic chemotherapy. She succumbed to respiratory 
failure and anemia as a result of her pulmonary disease and recurrent malignant 
pleural effusions despite several procedures by the cardiothoracic surgery team.

a b

c

Fig. 9.18  (a) Axial T2 fat saturated MRI image of a massive, infected left thigh sarcoma with 
extensive intratumoral emphysema and cutaneous fungation in a 48-year-old female treated for 
over 6 months at an outside institution with repeated aspirations and surgical debridements for 
presumed hematoma. No advanced imaging or biopsy was done prior to her presentation at the 
authors’ institution. (b) Clinical image of the fungating thigh wound and (c) purulent myonecrosis 
removed at first attempt to eradicate her infection. (Reprinted with permission from Tedesco NS, 
Henshaw RM. J Am Acad Orthop Surg 2016;24(3):150-159.)
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Fig. 9.19  Rapid progression of pulmonary metastatic disease in the 48-year-old female with 
extraskeletal osteosarcoma (a) at initial presentation to the authors’ institution, (b) one month later, 
and (c) two months after initial presentation and immediately prior to death. (Reprinted with per-
mission from Tedesco NS, Henshaw RM. J Am Acad Orthop Surg 2016; 24(3):150-159.)

Fig. 9.20  Intraoperative resection of the same 48-year-old female’s infected left thigh sarcoma 
and entire anterior thigh muscular compartment after serial debridements and systemic 
polyantimicrobial agents failed to clear her infection. The vessel loops surround the superficial 
femoral artery and vein and the exposed femur can be seen deep to the distal end of the tumor being 
elevated by the surgeon. (Reprinted with permission from Tedesco NS, Henshaw RM. J Am Acad 
Orthop Surg 2016; 24(3):150-159.)
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A retrospective look at the pulmonary disease and how rapidly it progressed over 
her 2-month hospital stay suggests it is possible her initial presentation 6 months 
prior may not have demonstrated any evidence of pulmonary disease. However, if 
she did have metastatic spread at that time, she would have been a candidate for 
neoadjuvant chemotherapy with pulmonary metastectomy that could potentially 
save or at least prolong her life. Further, radiation could have been used as a local 
adjuvant to help avoid removal of her entire anterior thigh that may have allowed 
her to ambulate safely.

This case is a sober reminder of the diligence required for adequate initial 
workup and planned treatment of a potential sarcoma. Had the initial general ortho-
pedist recognized the presenting mass or worked it up appropriately, a lot of the 
issues with this case could have been avoided. Recognition that a 500 mL hema-
toma should not occur in a young, healthy individual after insignificant trauma is 
paramount to raising index of suspicion for a tumor. Had the initial treating surgeon 
recognized this, it is quite likely her life could have been spared.

9.8	 �Summary

Unplanned resection of sarcoma has been a major problem for patients and physi-
cians involved in sarcoma care alike. Since these issues were first reported in the 
1980s, there has been little to no progress in the way the medical community views, 
evaluates, and treats patients presenting with a mass involving the trunk, extremi-
ties, spine, or retroperitoneum. This is all despite the fact that, however rare, sar-
coma is always in the differential diagnosis of an extremity mass until proven 
otherwise.

Primum non nocere (“first, do no harm”) is the credo by which all physicians and 
allied healthcare professionals live, but it appears that this platitude has been largely 
ignored when it comes to care of tumors and tumor-like conditions of the musculo-
skeletal system. This is no more evidenced than by the literature exposing the harm 
done with unplanned resections, including increased costs to the patients and health-
care system, increased morbidity and mortality for the patient, increased psycho-
logical distress for both the patient and treating physician, and the medicolegal 
ramifications to the treating physician involved in such a “whoops” surgery. Yet, 
unplanned resections continue to happen at an alarming rate and may even be more 
common than planned resections.

Treatment of these patients poses many dilemmas for tertiary referral centers 
involved with regular sarcoma care. Salvage of these situations is predicated on 
restoring oncologic prognosis to identical that of a similar presentation with a 
planned resection, while maximizing functional and emotional outcomes. This 
requires strict focus of a multispecialty, multidisciplinary team adept at dealing with 
these issues, organizing workup and treatment in an efficient manner, and providing 
the best collective experience available for each situation on a case-by-case basis.

In the future of sarcoma care, a coordinated, multidisciplinary, international effort 
should be employed to develop an educational curriculum and referral guidelines 
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for community physicians who may encounter a tumor involving the musculoskel-
etal system. Education of the medical community at large will need to begin at an 
early stage in each care provider’s career. Techniques of tumor resection, appropriate 
workup of a mass, knowledge of sarcoma, and focus on both classic and non-classic 
sarcoma presentations will be required if unplanned resections are to be abated. 
Caution with interpretation of “group” studying of these cases (i.e., combining into 
the same cohort of “unplanned resections” an unplanned, small, subcutaneous tumor 
excision and a reamed, intramedullary nailing of a fracture in a bone with missed 
sarcoma) should be taken. Ideally, future studies on the subject should be aimed at 
direct comparison of matched tumor presentations with the only variable being the 
unplanned resection to elucidate the true effect of the unplanned sarcoma resection.
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10Radiation Therapy for Sarcomas

Keith Unger, Marie Gurka, and K. William Harter

10.1	 �Soft Tissue Sarcoma of the Extremity and Superficial 
Trunk

Historically, amputation was the treatment of choice for soft tissue sarcomas (STS) 
of the extremity [1, 2]. Advances made throughout the latter half of the last century 
have led to local control rates approaching 90%, utilizing a multimodality approach 
that allows for functional limb preservation in the vast majority of cases [3]. Recent 
progress in radiation therapy includes personalization of adjuvant radiation therapy, 
utilization of preoperative radiation therapy in selected cases, and the application of 
novel treatment techniques to improve outcomes.

10.1.1	 �Adjuvant Radiation Therapy

While surgery is the foundation of treatment for STS, the addition of adjuvant radia-
tion therapy to the treatment paradigm improves outcomes in selected patients. The 
evidence suggests that radiation therapy reduces local recurrence in the setting of 
limb-sparing surgery and occasionally after amputation [4–7], yet no trial has 
demonstrated a clear survival benefit.

Amputation was the standard treatment for STS of the extremity until small, 
nonrandomized studies of limb-preserving surgery followed by radiation demon-
strated local control rates of approximately 80% or greater [8–10]. These results led 
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to a landmark randomized trial conducted at the NCI (National Cancer Institute) 
comparing amputation to limb-preserving surgery plus postoperative radiation ther-
apy (PORT) in patients with high-grade extremity STS [11]. The radiation dose was 
50 Gy to the entire anatomic area at risk for local spread and 60–70 Gy to the tumor 
bed. All participants received adjuvant chemotherapy. While patients had a higher 
rate of local recurrence with limb-sparing therapy, four vs. none, the disease-free 
survival and overall survival were not significantly different between the two arms. 
This established that amputation was not necessary in most cases.

Two additional randomized trials have examined the role of adjuvant radiation 
therapy after limb-sparing surgery. In a follow-up randomized trial at the NCI, limb-
sparing surgery alone was compared to surgery followed by radiation in patients 
with high- and low-grade STS [4]. Patients with high-grade sarcoma also received 
adjuvant chemotherapy. Radiation was given postoperatively as 45 Gy delivered to 
a wide field followed by an 18 Gy boost to the tumor bed. Postoperative radiation 
was found to significantly decrease local recurrence in both high-grade and low-
grade sarcomas. At a median follow-up of almost 10 years, local recurrence rates in 
the PORT arms were 0% and 4% for high grade and low grade, respectively. In 
patients not receiving radiation, they were 19% and 33%, respectively. However, 
this was at the expense of worse limb strength, increased edema, and decreased 
range of motion. Fortunately, these deficits were often transient and rarely impacted 
activities of daily life or global quality of life.

Recently, a 20-year update of this trial focusing on the quality of life outcomes 
was published [12]. The authors reported that there was a trend toward increased 
rate of pathologic fracture, wound complications, and edema with adjuvant radia-
tion. There was a nonsignificant difference in OS favoring PORT; however, the 
study was not powered to detect a survival difference. In summary, both studies 
concluded that the use of adjuvant external beam radiation therapy (EBRT) for 
patients at low risk of recurrence should be selective. It is important to recall that 
these conclusions are made based on older radiation techniques. Newer modalities, 
such as intensity-modulated radiation therapy (IMRT), have improved sparing of 
critical structures; therefore, long-term results of contemporary trials may have 
lower fracture and complication rates after radiation as discussed below [13].

The only other randomized study comparing limb sparing surgery (LSS) alone to 
surgery plus radiation utilized brachytherapy. In the study by Pisters et al., en bloc 
resection alone was compared to resection plus brachytherapy. A total dose of 
42–45 Gy was delivered by an iridium-192 implant over 4–6 days. With a median 
follow-up of 6.3 years, the local control rate with high-grade lesions was 89% in the 
brachytherapy group and 66% without adjuvant radiation (P = 0.0025). Adjuvant 
brachytherapy had no impact on local control in patients with low-grade lesions 
(P = 0.49). Furthermore, radiation did not impact survival in either group [5].

In a later update of this paper, with a median follow-up of 100 months, there 
was a reported 24% wound complication rate with brachytherapy. This included 
patients requiring reoperation, persistent seroma requiring repeat aspirations, 
wound separation greater than 2 cm, hematoma greater than 25 mL, or purulent 
wound discharge. Larger resection specimens were associated with an increased 
complication rate [14]. In the NCI study of adjuvant external beam radiation, the 
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rate of similar wound complications was 17% [4]. These three randomized trials are 
summarized in Table 10.1.

Additional large, nonrandomized series have supported the benefit of adjuvant 
radiation therapy for extremity STS. In a systematic review by the Swedish Council 
of Technology Assessment in Health Care, adjuvant radiotherapy improved the 
local control rate in combination with limb-preserving surgery in the treatment of 
STS of extremities and trunk with local control rates equal to or approaching 90% 
[3]. This has also been supported by a large retrospective review performed by the 
Scandinavian sarcoma group study [15]. Lastly, an overall survival benefit in favor 
of PORT for patients with high-grade sarcomas was demonstrated in a recent SEER 
analysis with a hazard ratio 0.67, 95% confidence interval 0.57–0.79. There was no 
overall survival benefit in patients with low-grade sarcomas [16].

10.1.2	 �Preoperative Radiation Therapy

There are several potential advantages to preoperative as compared to postoperative 
radiation therapy for STS of the extremity including: (1) reduced radiation dose to 
a smaller target volume resulting in fewer long-term complications [17, 18], (2) 
facilitation of surgical resection by means of tumor regression and reducing the pos-
sibility of microscopic tumor seeding at the time of surgery [19], and (3) easier 
delineation of target volumes.

Table 10.1  Results of randomized trials with adjuvant radiation therapy for soft tissue sarcoma 
of the extremity and superficial trunk

Study Study schema

Number 
of 
patients Radiation dose Chemotherapy

Local 
control

NCI 
(Rosenberg et 
al. 1982 [11])

Amputation
vs

16 – Doxorubicin, 
cyclophosphamide, 
and methotrexate

100%

LSS + EBRT 27 50 Gy + 10 to 
20 Gy boost

85%

NCI (Yang et 
al. 1998 [4])

LSS Alone 44 (HG) – Doxorubicin and 
cyclophosphamide

80%

LS + EBRT 47 (HG) 45 Gy + 18 Gy 
boost

100%

LSS Alone 24 (LG) – – 67%

LSS + EBRT 26 (LG) 45 Gy + 18 Gy 
boost

96%

MSKCC 
(Pisters et al. 
1996 [5])

LSS 63 (HG) – Doxorubicin-based 
in selected patients

70%

LSS + Brachytherapy 56 (HG) 42–45 Gy 
(Ir-192)

91%

LSS 23 (LG) – – 74%

LSS + Brachytherapy 22 (LG) 42–45 Gy 
(Ir-192)

64%

Abbreviations: LSS limb sparing surgery, EBRT external beam radiation therapy, HG high grade, 
LG low grade, Ir- Iridium
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However, concerns with preoperative therapy include delays in surgery, while 
radiation is being administered and prolonged wound healing afterward. To verify 
that oncologic outcomes were not different between preoperative and postoperative 
radiation, a randomized trial was conducted in Canada, which was stopped early 
due to increased postoperative wound complication with preoperative therapy. A 
total of 190 patients were enrolled. Preoperative radiation was given as a wide field 
of 50 Gy in 2 Gy fractions with an additional 16 Gy to 20 Gy to the tumor plus a 
2 cm expansion after resection if the margins were positive. Patients in the adjuvant 
(PORT) arm received 66 Gy in 33 fractions. The wound complication rates were 
35% vs. 17% in the neoadjuvant and PORT groups, respectively (P = 0.01), with 
most complications occurring in patients with lower extremity sarcomas. Moreover, 
limb function at 6 weeks postsurgery was worse in the neoadjuvant group (P = 0.01) 
[20]. At 5 years, both arms had comparable local control rates (93% vs. 92%) and 
OS (73 vs. 67%, P = 0.48). Of the 129 patients evaluated for limb function at 21 to 
27 months after surgery, limb function was similar, but there was a statistical trend 
for less fibrosis in the neoadjuvant radiation group (P = 0.07) [21].

A meta-analysis consisting of mainly retrospective studies supported the finding 
that delaying surgery does not lead to a detriment in survival with preoperative 
radiation therapy [22]. This paper confirmed that preoperative therapy increased 
wound healing complications, while postoperative treatment had higher rates of late 
fibrosis and decreased limb function. In general, a preoperative approach should be 
strongly considered for large lesions and high-grade tumors, in order to downstage 
the tumor, decrease treatment fields, and allow easier treatment planning. This is 
particularly applicable for large, myxoid liposarcomas, which respond well to radia-
tion compared to other histological subtypes [23] (Fig. 10.1).

a b

Fig. 10.1  A 52 year old woman with a large, recurrent myxoid liposarcoma, who was treated with 
pre-operative radiation therapy to a total dose of 45 Gy. (a) Pre-treatment coronal MRI demonstrat-
ing the mass in the popliteal fossa measuring 10 cm cranial-caudal by 6 cm transverse by 7 cm 
anterior-posterior. (b) MRI after pre-operative radiation therapy, which demonstrates the mass has 
markedly diminished in size, measuring 4.5 cm cranial-caudal by 2.7 cm transverse by 4.4 cm 
anterior-posterior
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10.1.3	 �Neoadjuvant Radiation Therapy Combined 
with Chemotherapy

Early reports utilizing doxorubicin (Adriamycin) with neoadjuvant radiation ther-
apy for STS of the extremity had promising local recurrence rates of <10% and 
survival rates of 74% in Stage III tumors [24]. More intensive chemotherapy with 
mesna, Adriamycin, ifosfamide, and dacarbazine (MAID) combined with radiation, 
followed by resection [25], was also encouraging, and the RTOG conducted a phase 
II cooperative trial based on this regimen. Oncologic outcomes were satisfactory, but 
5% of patients experienced a treatment-related death, deeming this regimen too 
toxic [26].

The advent of targeted therapies may produce more effective, but less toxic treat-
ment regimens when chemotherapy and radiation are combined. Vascular endothe-
lial growth factor (VEGF), a promoter of angiogenesis, is overexpressed by most 
malignant tumors, including soft tissue sarcomas [27]. A small phase II has demon-
strated promising outcomes, with three complete responses out of 20 patients, who 
received bevacizumab with radiation prior to resection [28].

10.1.4	 �Patient Selection

Due to the increased risk of long-term morbidity from radiation after surgery, efforts 
have been made to identify patients that may not benefit from adjuvant radiation. 
Most of these data originate from single-institution experiences at large centers. In 
a retrospective series that included patients from 1970 to 1994, 74 of 242 patients 
with localized STS of the trunk and extremity were treated with limb-sparing sur-
gery without radiation. The 10-year local control rate was excellent, reaching 100% 
for patients with resection margins ≥1 cm regardless of tumor grade, size, site (trun-
cal v extremity), or depth (superficial v deep) [29].

A more recent prospective trial also reported high local control rates for selected 
patients with T1 STS of the extremity and trunk treated with LSS alone. 
Postoperative external beam radiation was employed only for patients with micro-
scopically positive surgical margins. Of the 88 patients enrolled, 74 (84%) under-
went R0 resection and were, therefore, treated by surgery alone. The median 
follow-up was 75 months. The cumulative incidence rates of local recurrence after 
an R0 resection at 5 and 10 years were 7.9% and 10.6%, respectively. [30]. In a 
retrospective series from Memorial Sloan Kettering Cancer Center, there was no 
benefit with adjuvant radiation for STS < 5 cm in size [31]. Subcutaneous or intra-
muscular high-grade sarcomas less than 5 cm in size or for low-grade sarcoma of 
any size can be treated with surgery alone and are adequate if wide excision with a 
1 cm margin of surrounding tissue can be obtained. However, it is important to note 
that data supporting these guidelines are from large, high-volume, and experienced 
centers.
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10.1.5	 �Margin Status

Re-excision is preferred if margins are not clear after initial surgery. Several studies 
have noted higher recurrence rates after adjuvant radiation when margins are posi-
tive [32, 33]. A review of 100 patients with high-grade sarcoma and positive mar-
gins treated with surgery alone or surgery plus adjuvant radiation reported local 
recurrence rates of 56% and 74%, respectively [32]. Although adjuvant radiation 
reduces the recurrence risk in the setting of positive margins, the local control rate 
is inferior to what is observed in large series in which most patients underwent R0 
resections [4, 5]. If a positive margin cannot be re-excised, it is recommended that 
the adjuvant radiation dose be escalated to a minimum of 64 Gy due to statistically 
significant improvements in  local control, disease-free survival, and overall 
survival [33].

10.1.6	 �Radiation Therapy Alone for Unresectable Disease

In circumstances where surgery is precluded, radiation therapy may offer palliation 
in regard to local control. An early report by Tepper reported a 5-year local control 
rate of 33% in patients treated with external beam radiation therapy with doses 
ranging from 64 to 66 Gy [34]. This series was updated and the most recent report 
includes 112 patients that have been treated with definitive radiation therapy for 
gross disease. The 5-year local control rate was dependent on tumor size and dose. 
For lesions <5 cm, 5–10 cm, and >10 cm, the local control rates at 5 years were 
51%, 45%, and 9%, respectively. In patients who received more than 63 Gy, the 
5-year local control rate was 60% compared to 22% in patients receiving lower 
doses. Furthermore, higher dose resulted in improved 5-year DFS and OS. However, 
increasing the dose to >68 Gy was also associated with a higher rate of treatment 
complications (26% vs. 8%, p = 0.02) [35].

10.1.7	 �Specific Radiation Modalities

Brachytherapy and Intraoperative Radiation Therapy. Other radiation modalities, 
such as brachytherapy and intraoperative radiation therapy (IORT), are also effec-
tive in decreasing local recurrence after limb-sparing surgery. Brachytherapy is 
appealing due to its superior conformality compared to 2D and 3D radiation therapy 
and decreased treatment time compared to external beam radiation.

In general, reported rates of local control have been slightly lower than those 
reported with EBRT. At experienced centers the 5-year local control rates range 
from 82 to 84% [5, 36]. Other single institutions report slightly inferior local control 
rates (67–75%) [37–39]. Due to concerns that highly conformal treatment such as 
brachytherapy and IORT alone may not effectively treat subclinical areas at risk or 
areas of extra compartmental spread, some have examined the use of brachytherapy 
or IORT as a boost in combination with EBRT. Together these series demonstrate 
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5-year local control rates of 63–91.5% with wound healing complication rates of 
12–34%. [30, 40–42].

IMRT/IGRT. Advances in treatment planning and delivery, such as intensity-
modulated radiation therapy (IMRT), allow many centers the ability to deliver 
highly conformal treatment. A recent comparison of IMRT to brachytherapy found 
that IMRT provided improved 5-year local control rates in high-grade STS, 92% 
compared with 81% (p = 0.04), respectively. Yet the rate of significant wound com-
plications was 19% with IMRT compared to 11% with brachytherapy. Complications 
requiring reoperation were observed in 2% of patients treated with IMRT compared 
with 6% for those treated with brachytherapy. Neither of these complication rates 
were significantly different [43].

10.2	 �Retroperitoneal Sarcomas

Retroperitoneal (RPS) and intra-abdominal soft tissue sarcomas account for approx-
imately 14% of soft tissue sarcomas [44]. Therefore, one can estimate that up to 
1200 retroperitoneal sarcomas occur annually in the United States. Sarcomas aris-
ing in the retroperitoneum are often large at the time of diagnosis. The relatively 
large size of these tumors along with frequently involved nearby critical organs 
often precludes a R0 resection, although in modern series complete resection (R0-
R1) rates range from 80 to 90% [45–48]. Local failure is the predominant pattern of 
relapse and cause of morbidity and death in this disease [49].

10.2.1	 �Adjuvant Radiation

Radiation in either the pre- or postoperative setting is an appealing treatment modal-
ity due to the high local failure rates after surgery alone, which ranges from approxi-
mately 40 to 60% [45, 46, 48]. Adjuvant radiation therapy has been proven to be 
highly effective in STS of the extremity, and efforts have been made to translate this 
into the management of retroperitoneal sarcomas [50]. Technical concerns in deliv-
ering an effective dose of external beam radiation to the retroperitoneum postopera-
tively include uncertainty in the target volume, potential delays due to recovery 
from surgery, and dose limitations due to nearby structures such as the bowel or 
kidneys [51]. Therefore, postoperative trials have generally involved a combination 
of IORT or brachytherapy with EBRT.

In a small randomized trial that included 35 patients, 20 Gy IORT in combination 
with postoperative EBRT (35 to 40 Gy) was compared with postoperative EBRT 
alone (50 to 55 Gy). With a median follow-up of 8 years, there was no difference in 
overall survival, but local recurrences were more common with external beam radia-
tion therapy alone at 80% compared to 40% in patients who received IORT [52]. In 
a single-institution prospective trial, 32 patients with primary or recurrent RPS were 
treated with maximal tumor resection, IORT, and postoperative EBRT when feasi-
ble. IORT was given to a dose of 12–15 Gy high-dose rate (HDR), and 78% of 
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patients received additional EBRT to a dose of 45–50.4 Gy. The 5-year actuarial 
local control rate for the whole group was 62%. For patients with primary disease, 
the local control rate was 74% compared to 54% in patients with recurrent disease. 
The most frequent treatment complications included gastrointestinal obstruction 
(18%) followed by fistula formation (9%), peripheral neuropathy (6%), hydrone-
phrosis (3%), and wound complication (3%) [53].

More recently, aggressive surgical approaches, mostly done in Europe, have 
improved local control rates [48, 54]. Since the implementation of frontline aggres-
sive surgery (en bloc resection of tumor and involved organs), one center has 
reported a decrease in 5-year local recurrence rate from 48 to 28% [48]. Despite this 
more aggressive surgery, PORT has been shown to significantly improve recurrence-
free survival at 5 years compared to surgery alone, 60% vs. 47%, respectively, with 
an adjusted hazard ratio of recurrence of 0.43 (95% CI, 0.20–0.88, P = 0.02).

10.2.2	 �Neoadjuvant Radiation

Preoperative radiation is an attractive option since it reduces the risk of tumor seed-
ing at the time of resection and may improve the rate of gross total resection [55]. 
Furthermore, having the tumor in place allows better delineation of treatment vol-
umes and targets, while the tumor itself displaces the bowel away from the high-
dose area. A combined analysis of two prospective single-arm trials demonstrated 
that preoperative EBRT followed by surgical resection of RPS is feasible and safe. 
In addition, patients with intermediate- or high-grade RPS treated with preoperative 
radiation and surgery had a median survival >60 months, which compares favorably 
to historical controls [56–61]. Although the 5-year local recurrence-free survival 
rate was 60%, local failure remained the predominant pattern of recurrence [62].

Improvements in treatment delivery, such as the utilization of IMRT, allow pre-
operative dose escalation utilizing a dose-painting technique. In a report by Tzeng, 
patients received 45 Gy to the entire tumor with an integrated boost to the posterior 
retroperitoneal tumor margin of 57.5 Gy. The 2-year local control rate was 80%, 
with two recurrences out of 16 patients [63]. More novel approaches for dose esca-
lation include the placement of mesh spacers to displace critical organs [64].

Due to the success of preoperative radiation with extremity sarcoma and results 
of the previously mentioned trials, accrual for phase III trials has been initiated. 
Unfortunately, ACOSOG Z-9031 was closed early due to poor accrual. The EORTC 
has an ongoing randomized trial which will hopefully further elucidate the role of 
preoperative radiation in RPS.

10.3	 �Desmoid Tumors/Aggressive Fibrosis

Complete excision, when possible, is the primary treatment for desmoid tumors 
[65, 66]. For small, asymptomatic aggressive fibromatosis, radiation therapy is 
often applied when the risk of recurrence or tumor growth would result in 
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functional limitations [67, 68]. Factors influencing recurrence include tumor 
size, location (intra-abdominal vs. extremity), patient age, and margin status 
[68–70]. Albeit, margin status is controversial as some have demonstrated an 
increased risk of recurrence with positive margins [70–72] and others have not 
[69, 73, 74].

Definitive radiation therapy alone can be used in the setting of inoperable des-
moid tumors of the extremity, head and neck, and superficial trunk as opposed to 
amputation. Local control at 3 years after external beam doses of at least 50 Gy 
ranges from 81.5 to 92% [73, 75]. The response to radiation therapy can be slow 
with tumor regression seen after 3  years [75]. In the absence of prior radiation, 
doses of 54–58 Gy should be used. Radiation is generally not recommended for 
retroperitoneal or intra-abdominal desmoid tumors.

10.4	 �Sarcomas of the Head and Neck

As in other sites, the mainstay of treatment for sarcomas of the head and neck is 
surgery. Postoperative radiation should be applied for low-grade tumors when 
margins are close (<1 cm) or positive and for all high-grade tumors [76]. Radical 
resection results in a high rate of local control for soft tissue sarcomas, but achiev-
ing this in the head and neck area is often not possible [29]. Wide margins may be 
obtained, but nevertheless the recurrence rates for high-grade STS after a wide 
local excision still approach 50% in several series [77–79]. Consequently, most 
patients are treated with adjuvant radiation, including those with low-grade 
lesions.

Patients who would likely have gross residual disease after surgery are appropri-
ate candidates for upfront radiation treatment. If the lesion is likely to be resectable, 
the dose is 50 Gy followed by surgery 4–6 weeks after. One advantage of preopera-
tive radiation treatment is that the risk of late complications may be decreased 
because a lower dose is applied. This is highly pertinent if radiation treatment is 
near the eyes or optic apparatus. If surgery will not be feasible, definitive radiation 
therapy to high doses should be used. In this event, the use of IMRT or proton beam 
therapy may reduce the risk of late complications when the tumor is in close prox-
imity to dose-limiting normal tissues [80]. The outcomes for radiation alone for 
unresectable sarcomas are poor [34, 35].

10.5	 �Radiation for Salvage Treatment and Metastatic Disease

10.5.1	 �Salvage Treatment

In patients, who have an isolated local recurrence after surgery alone, multimodality 
aggressive therapy can be safely administered. Re-irradiation with external beam 
radiation combined with surgery for local recurrence should be used cautiously due 
to the high risk of complications and poor results. In a series of 62 patients treated 
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with EBRT and surgery after previous irradiation, there was no benefit in regard to 
local control with the addition of radiation. Furthermore, complication rates were 
very high in patients who received re-irradiation compared to those who did not 
(80% vs. 17%, p < 0.001), and the amputation rate was also higher (35% with radia-
tion vs. 11% without, p = 0.05) [81].

Re-irradiation with brachytherapy is a safer option. Twenty-six patients, who 
previously received external beam irradiation, were treated with surgery and 
brachytherapy. The mean dose of radiation prescribed at the implant procedure 
was 47.2 Gy +/− 1.6 Gy (range, 11.0–50.0 Gy). The 5-year local recurrence-free, 
distant recurrence-free, disease-free, and overall survival rates after brachyther-
apy were 52%, 75%, 33%, and 52%, respectively. Complications occurred in five 
patients: three had wound breakdown, one with osteonecrosis, and one with neu-
ralgia [82]. Another series, with shorter follow-up, reported a local control rate 
of 100% at a median follow-up of 24 months after re-irradiation with brachy-
therapy [83].

10.5.2	 �Metastatic Disease

Radiation mainly plays a role in the palliation of metastatic disease for painful bony 
lesions. Fractionated stereotactic radiation therapy or radiosurgery has been demon-
strated to be effective modalities for lung and spine metastases with local control 
rates ranging from 82 to 88% [84–86].

10.6	 �Bone Sarcomas

Primary malignancies of the bone are rare and represent less than 0.2% of all can-
cers [87]. Osteosarcoma, chondrosarcoma, and Ewing’s sarcoma are the most com-
mon bone sarcomas. Bone sarcomas exhibit a wide range of clinical behaviors and 
have heterogeneous histologic and molecular profiles. Osteosarcoma is the most 
common primary malignancy of bone, occurring mainly during childhood and ado-
lescence, which is concomitant with the period of most active skeletal growth. 
Osteosarcomas that occur in patients older than 40 years are typically associated 
with pre-existing conditions, such as Paget’s disease or prior radiation exposure. 
Chondrosarcomas occur primarily in patients over 40 years of age.

Primary and metastatic bone tumors should be managed by a multidisciplinary 
team with the necessary expertise in surgical, radiation, and medical oncology. 
Surgery is the mainstay of treatment for most malignant bone tumors. Advances 
in surgical techniques including soft tissue and bone transfer, prostheses, and che-
motherapy agents have contributed to the routine use of limb-sparing approaches 
rather than amputation. Local control for osteosarcomas and chondrosarcomas is 
typically incumbent upon wide excision with negative surgical margins. Radiation 
therapy is generally not used in the primary management of osteosarcomas and 
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chondrosarcomas, but can be used for tumors not amenable to surgical resection 
or in the setting of positive margins. Palliative radiation therapy can be considered 
for unresectable metastatic or symptomatic local disease. Radiation therapy for 
unresectable osteosarcomas and chondrosarcomas requires high doses to limited 
treatment volumes while sparing surrounding normal tissues. Advanced tech-
niques should be considered, including intensity-modulated radiation therapy and 
proton beam treatment.

10.6.1	 �Osteosarcoma

Historical experiences in the pre-chemotherapy era have demonstrated that high 
doses of radiation therapy can provide definitive treatment for osteosarcoma. In 
1955, Cade reported complete responses to radiation therapy with subsequent 
delayed amputation for those who did not develop metastases [88]. Similarly, high 
doses of preoperative radiation therapy were shown to result in complete histologic 
responses in six of seven patients in a series reported in 1973 [89]. A dose response 
has been reported in one series, with all lesions controlled with doses greater than 
90 Gy [90].

The current standard of care for osteosarcomas involves neoadjuvant chemo-
therapy followed by resection and additional chemotherapy. Definitive, adju-
vant, and preoperative radiation therapy has been applied in highly selected 
cases, including when the tumor is subtotally resected, resected with positive 
margins, or when surgery would result in undue morbidity. In a study by Machak 
et  al., 31 patients with extremity osteosarcomas were treated with induction 
chemotherapy followed by definitive radiation therapy after refusing surgical 
resection [91]. The 5-year local progression-free survival and overall survival 
were 56% and 61%, respectively. Local control was correlated with response to 
induction chemotherapy. Delaney reported their experience with 41 patients 
treated with radiation therapy for osteosarcomas that were not resected or 
excised with close or positive margins [92]. The local control rate at 5 years fol-
lowing gross total resection, subtotal resection, and biopsy alone was 78%, 
78%, and 25%, respectively.

Radiation therapy has been applied for the management of osteosarcomas arising 
in anatomic sites in which wide surgical resection would result in loss of structural 
or functional integrity. The Cooperative Osteosarcoma Study Group reported their 
experience with 67 patients with pelvic osteosarcomas, including 30 patients who 
underwent intralesional surgery or no resection [93]. They reported improved sur-
vival in patients treated with radiation therapy if radical, wide, or marginal resec-
tions were not possible. In a study of 111 patients with mandibular osteosarcoma, 
25 patients received postoperative radiation, including 13 patients who had incom-
plete resections [94]. There was no significant benefit of postoperative radiation 
after R1 resection, though the doses were less than 55 Gy in many cases which the 
authors concluded were inadequate. In contrast, Laskar found improved overall 
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survival with the addition of radiation therapy following R1 or R2 resection for 
osteosarcomas of the head and neck [95].

10.6.2	 �Chondrosarcoma

Although chondrosarcomas are considered relatively radioresistant tumors, radia-
tion therapy is used to maximize local control in selected situations. Radiation 
therapy can be indicated for chondrosarcomas when radical surgery is not possi-
ble or in the adjuvant setting following incomplete resections. Goda reported on 
60 patients with extracranial chondrosarcomas treated with pre- or postoperative 
radiation therapy [96]. The median preoperative dose was 50 Gy and the median 
postoperative dose was 60 Gy. Following R0, R1, and R2 resections, the local 
control rates were 100%, 94%, and 42%, respectively. In a series from MD 
Anderson, 5 of 11 patients had local control with definitive radiation therapy with 
40–70 Gy [97]. In a study using the National Cancer Database, 400 patients were 
treated for chondrosarcomas of the head and neck, of which 84 patients received 
combined surgery and radiation therapy, typically in the setting of positive mar-
gins. The disease-specific survival at 5 and 10 years for the entire cohort was 87% 
and 71%, respectively [98].

Proton beam and particle radiation therapy has been shown to result in high rates 
of local control and survival in resected chondrogenic tumors of the skull base and 
axial spine [99, 100]. Due to anatomic constraints in these areas, complete micro-
scopic resection is often not feasible and adjuvant radiation is typically recom-
mended. Proton therapy has the advantage of minimal dose in the exit beam, 
allowing for relative sparing of adjacent critical organs such as the spinal cord and 
brainstem. A series from Massachusetts General Hospital included 229 patients 
with chondrosarcomas of the skull base treated with a combination of photon and 
proton radiation therapy with doses of 66 to 83 cobalt gray equivalent (CGE) result-
ing in a 10-year local control rate of 94% [101]. Ares reported on 22 patients with 
skull base chondrosarcomas treated with proton radiation therapy with a 5-year 
local control rate of 94% and a 5-year freedom from high-grade toxicity rate of 94% 
[102]. Local control rates greater than 90% have also been reported using carbon 
ion radiation therapy [103, 104].

Since particle therapy is not universally available, stereotactic radiosurgery 
(SRS) and stereotactic body radiation therapy (SBRT) are alternative techniques for 
the treatment of skull base and spine chondrosarcomas [105]. In a study from Jiang, 
16 patients with 12 cranial and 8 spinal lesions were treated with SRS or SBRT 
using 1–5 fractions to 22–30 Gy [106]. The 3-year actuarial control rate was 80% 
for primary tumors and 50% for recurrent tumors. Lower control rates were associ-
ated with metastatic, recurrent, and spinal tumors as well as tumors treated with 
lower doses. An example of a primary myxoid chondrosarcoma of the lumbar spine 
after resection and adjuvant SBRT is shown in (Fig. 10.2).
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10.7	 �Radiation Therapy Techniques

Due to the number of anatomic sites involved by sarcomas and the settings in which 
radiation therapy is indicated, a diversity of radiation therapy techniques must be 
utilized. These techniques include three-dimensional (3D) conformal planning, 
intensity-modulated radiation therapy (IMRT), particle beam radiation therapy, 
brachytherapy, intraoperative radiation therapy (IORT), and stereotactic body radia-
tion therapy or stereotactic radiosurgery. Knowledge of the patterns of spread of sar-
comas and the associated anatomic compartments is essential to radiation planning.

10.7.1	 �Treatment Volumes

Radiation therapy target volumes for sarcomas are primarily based on the physical 
examination, operative findings, radiology studies, and patterns of spread. 
Standardized target volume may not be suitable for all sarcoma histologies, and 
anatomic sites must be considered when defining target volumes. CT-based 

Fig. 10.2  A stereotactic body radiation therapy (SBRT) plan for a myxoid chondrosarcoma of the 
lumbar spine after resection and stabilization. A CT myelogram was used for planning. The pre-
scription isodose line (red) was treated to 3000 cGy in 5 fractions. Note the conformality of the 
isodose lines around the spinal cord
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radiation therapy planning techniques are required. In the preoperative setting for 
extremity sarcomas, gross tumor volume (GTV) is optimally delineated based on 
the co-registration between a contrast-enhanced T1-weighted MRI and the planning 
CT scan since MRI better defines soft tissue as compared to CT [107]. The clinical 
tumor volume (CTV) is defined as the GTV plus a margin to account for subclinical 
disease spread. The optimal margin used to form the CTV has yet to be established, 
and the risks of missing tumor cells must be weighed against the risks of late toxic-
ity. Peritumoral edema visualized on T2-weighted MRI images has been found to 
harbor tumor cells in a small study of patients reported by White [108]. The CTV 
has been previously defined as the GTV plus 3–4  cm longitudinal margins and 
1.5  cm radial margins, which likely covers suspicious peritumoral edema in the 
majority of cases [109, 110]. The CTV should be edited based on clinical judgment 
if the suspicious edema extends beyond these margins. The CTV should also be 
modified to not extend beyond the end of the compartment in the longitudinal direc-
tion or the intact fascial or bone barriers. See Table 10.1. The CTV to planning tar-
get volume (PTV) expansion is dependent on the immobilization of the patient, 
treatment site, and daily imaging techniques. This margin should be individualized 
by institutions based on the setup variability that is observed.

For extremity sarcomas treated in the postoperative setting, a “shrinking field 
technique” is commonly used in which the tumor bed is targeted with a margin fol-
lowed by a reduced field to the tumor bed with a smaller margin. See Table 10.2. 
The optimal margin around the tumor bed is the subject of controversy. Traditionally, 
a 5–7 cm margin in longitudinal direction around the tumor bed is utilized to field 
edge [9, 111]. The radial margins are typically 2–3 cm to the field edge and the 
surgical scar and drain sites are included. However, low local recurrence rates have 
been reported with more limited treatment volumes that exclude the scar using 
brachytherapy [5]. If the scar is being irradiated, bolus should be applied to ensure 
full dosing of the scar. Elective nodal radiation therapy is not routinely used given 
the low risk of lymph node involvement in most sarcomas. Regional lymph node 
radiation should be considered for epithelioid sarcoma, clear cell sarcoma, high-
grade rhabdomyosarcoma, and synovial sarcoma.

Circumferential irradiation of the extremity should be avoided and at least 1 cm 
of tissue should be spared to reduce the risk of edema. At least half of the cross sec-
tion of underlying weight-bearing bone should be spared and irradiating the entire 

Table 10.2  Suggested external beam radiation therapy treatment guidelines for extremity soft 
tissue sarcomas

Setting Phase Clinical target volume (CTV) Dose (Gy)

Preoperative Phase I GTV + 4 cm longitudinal and 1.5 cm radial 50–50.4

Phase IIa Original GTV + 2 cm longitudinal and 1.5 cm radial 16–26

Postoperative Phase I Surgical bed + 4 cm longitudinal and 1.5 cm radialb 45–50.4

Phase II Surgical bed + 2 cm longitudinal and 1.5 cm radial 10–16

GTV gross tumor volume
aIf indicated for positive margins in the adjuvant setting
bModified to include the surgical scar and drain exit scar if indicated
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joint should be avoided if possible. Treatment of the hand, foot, and forearm by 
high-energy photons may require the use of bolus or other techniques to ensure 
uniform dosing [112].

10.7.2	 �Dose

For adjuvant radiation therapy of extremity sarcomas, the initial treatment vol-
ume is usually irradiated to 45–50 Gy followed by an additional 10 Gy boost 
for negative margins or 16–18 Gy for microscopically positive margins. In the 
setting of gross residual disease, a boost of 20–26 Gy is often utilized if normal 
tissue can be adequately spared. See Table 10.2. Several studies have indicated 
a benefit for dose escalation, while others have failed to demonstrate an asso-
ciation [113–115]. In a retrospective series of 775 patients with soft tissue sar-
comas treated with adjuvant radiation therapy, doses ≥64 Gy vs. < 64 Gy were 
independently associated with improved local control [116]. Local control rates 
were specifically improved with doses of 64–68 Gy for recurrent disease, head 
and neck or deep trunk tumor sites, and positive or uncertain margin status; 
higher doses did not completely abrogate the effects of positive margins. In the 
preoperative setting, 45–50 Gy is typically used for extremity sarcomas. A boost 
using external beam radiation therapy or IORT should be considered for positive 
margins if re-resection is not possible; however, investigators have questioned 
the benefit of a boost [117, 118]. With external beam radiation therapy, a boost 
of 16–18 Gy is used for microscopic disease and 20–26 Gy for gross residual 
disease.

10.7.3	 �Selected Techniques

Brachytherapy may be used as a stand-alone treatment or in combination with 
external beam radiation therapy following resection for sarcomas. Brachytherapy 
has also been used for re-irradiation after local recurrence [82]. Techniques include 
low-dose rate (LDR) brachytherapy with iridium-192 or iodine-125, fractionated 
high-dose rate (HDR) brachytherapy, or IORT high-dose rate therapy. HDR or 
LDR catheters are placed at intervals of 1–1.5 cm at the time of surgery to encom-
pass the CTV with a margin, typically using a single-plane implant [119]. For 
LDR brachytherapy as monotherapy, doses of 45–50 Gy at 0.45 Gy per hour are 
used between 5 and 14 days after wound closure. When LDR brachytherapy is 
used as a boost to external beam radiation therapy, doses of 15–25 Gy at 0.45 Gy 
per hour are used. Intermediate- or high-grade sarcomas of the extremity or super-
ficial trunk can be treated with brachytherapy as adjuvant monotherapy when the 
surgical margins are negative [38, 39, 119]. However, adjuvant brachytherapy 
alone should not be used if the CTV cannot be encompassed by the implant; if 
normal tissue tolerance cannot be met; in the setting of positive margins; or if there 
is evidence of cutaneous tumor spread. Adjuvant brachytherapy alone has been 
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previously shown to not improve outcomes for low-grade sarcomas and is there-
fore not recommended [120].

IMRT has been increasingly utilized for the treatment of sarcomas, as it can 
spare normal tissue in close proximity to the tumor volume. In contrast to con-
ventional radiation therapy techniques, IMRT enables variations in the radiation 
intensity within each beam by using advanced computer planning algorithms 
typically delivered using multileaf collimators on the treatment machine. Image-
guided radiation therapy (IGRT) is another technology that has emerged that can 
reduce dose to the surrounding normal tissue. IGRT relies on daily imaging of 
the patient in the treatment position to improve targeting and reduce setup errors. 
IGRT allows for a reduction in the treatment volume since large fields are often 
required due to the uncertainty in treating sarcomas, especially in sites where 
rigid immobilization is not possible. Encouraging results have been demon-
strated using IMRT and IGRT in the pre- and postoperative setting for sarcomas, 
and further study is warranted in larger patient cohorts [13, 43, 121]. See 
(Fig. 10.3a–b).

Stereotactic radiosurgery (SRS) and stereotactic body radiation therapy (SBRT) 
have a role in the treatment of sarcomas. SRS and SBRT utilize highly accurate and 
precise techniques to deliver high doses over a few number of treatment sessions, 
while sparing surrounding normal tissue. SRS refers to treatment in a single frac-
tion, while SBRT is typically delivered in 2–5 fractions. These techniques are often 
delivered using a modified linear accelerator, which includes the CyberKnife 
(Accuray, Inc., Sunnyvale, CA). Studies have applied SRS or SBRT for metastatic 
sarcoma to the brain [122, 123], lung [85, 124], and spine [125–127].

10.7.4	 �Treatment Complications

Complication rates following radiation therapy for sarcomas can vary drastically 
and are related to the treatment site, tumor type, patient age, and patient medical 
history. The acute effects of radiation therapy typically include dermatitis, moist 
desquamation, and risks of wound complications. Patients are indefinitely at risk for 
late radiation-related sequelae, though the majority will develop within 5  years 
[128, 129]. Late complications include fibrosis, edema, bone fracture, decreased 
range of motion, lymphedema, and internal organ injuries.

Pre- or postoperative radiation therapy is associated with a risk of wound com-
plications. See Table 10.3. In a National Cancer Institute of Canada (NCIC) study 
of 182 extremity sarcoma patients randomized to preoperative or postoperative 
radiation therapy, preoperative treatment resulted in a 35% wound complication rate 
as compared to 17% with postoperative radiation [20]. Factors associated with risks 
of wound complications following preoperative radiation therapy include lower 
extremity tumor location, increased age, and brachytherapy boost [130]. Adjuvant 
brachytherapy alone increased wound complication rates in a study of 105 patients 
with extremity and superficial truncal sarcomas to 44% as compared to 14% with 
surgery alone [131]. In contrast, adjuvant brachytherapy showed no significant 
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difference in wound complications as compared to surgery alone when the brachy-
therapy was delayed until the fifth postoperative day [5].

In patients undergoing limb preservation surgery for soft tissue sarcomas with or 
without adjuvant radiation therapy, approximately 50% of patients have significant 

a

b

Fig. 10.3  (a, b) An intensity modulated radiation therapy (IMRT) plan for the adjuvant treatment 
of a recurrent high-grade spindle sarcoma of the groin. The gross tumor specimen measured 13 × 
12 × 6 cm and was resected with microscopically positive margins. The prescribed cumulative 
dose was 6660 cGy over 37 fractions at 180 cGy per fraction using 6 MV photons. The treatment 
was delivered using daily image-guidance. The dose is depicted using a color wash; note the rela-
tive sparing of the adjacent critical structures including the genitalia and bone
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functional impairments, but the frequency of disability is less [132]. The NCIC 
randomized trial reported higher rates of grade 2 or higher fibrosis (48% vs. 32%) 
and nonsignificantly increased rates of edema (23% vs. 15%) and joint stiffness 
(23% or 18%) in patients receiving postoperative radiation as compared to preop-
erative radiation. Field size predicted for fibrosis, joint stiffness, and edema [21]. 
Stinson found that treatment of more than 50% of the joint was associated with joint 
contracture, and doses greater than 63 Gy in the lower extremity were associated 
with increased moderate to severe edema rates [133]. Bone fractures can occur in 
3–10% of patients following radiation therapy and limb preservation surgery [12, 
134–136]. Pak found a dose-volume relationship that predicted for femoral neck 
fractures and found no fractures when the mean dose was under 40 Gy [136]. Novel 
radiation therapy techniques, including preoperative IGRT and IMRT, are being 
evaluated to minimize the risks of acute and late radiation-related complications.

10.8	 �Multidisciplinary Care

An experienced multidisciplinary team composed of members from radiation 
oncology, surgery, medical oncology, radiology, and pathology is required for man-
agement and selection of therapy for bone and soft tissue sarcomas. Additionally, 
the multidisciplinary sarcoma team facilitates greater staging accuracy and 
improved coordination of care. Modern radiation therapy techniques, such as IMRT, 
necessitate using advanced imaging modalities to aid in treatment planning. An 
MRI scan co-registered with CT simulation images should be used for planning 
preoperative radiation therapy for extremity STS to accurately account for the 
extent of disease. Consultation with an experienced radiologist can further aid the 
radiation oncologist in target delineation. Collaboration between the radiation 
oncologist and the surgeon is critical in the preoperative and postoperative setting 
to identify anatomic regions which are at high risk for recurrence to ensure 

Table 10.3  Wound complication rates associated with radiation therapy for soft tissue sarcomas

Treatment Study Patient (n) RT dose (Gy)
Wound 
complications (%)

Preoperative RT O’Sullivan et al. [20] 88 50 35

Cannon et al. [137] 269 50 (range, 
44–70)

34

Pisters et al. [138] 26 50 23

Postoperative RT O’Sullivan et al. [20] 94 66 17

Cannon et al. [137] 143 60 (range, 
50–72)

16

Beane et al. [12] 70 63 17

Brachytherapy Ormsby et al. [139] 21 45 14a

Arbeit et al. [131] 54 30–50 44

RT radiation therapy, NA not applicable
aWound complications defined as requiring operative intervention
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appropriate targeting. In the postoperative setting, this includes leaving surgical 
clips to identify the operative bed for subsequent radiation therapy. A phase II study 
reported decreased wound and treatment morbidity by using the planned skin flaps 
identified by the surgeon as an avoidance structure for preoperative IMRT [13]. 
Given the complexity of radiation therapy for bone cancers and STS, multidisci-
plinary collaboration is essential.
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11Chemotherapy and Multidisciplinary 
Approaches to Pediatric Sarcomas

AeRang Kim, Jeffrey S. Dome, and Holly J. Meany

Collectively, sarcomas represent 12% of cancers occurring in individuals between 
birth and 19 years of age; 60% are soft tissue sarcomas and 40% are bone sarcomas 
[1]. Soft tissue sarcomas may be broadly divided into two groups: rhabdomyosar-
coma (RMS) and non-rhabdomyosarcoma soft tissue sarcomas (NRSTS). The two 
most common malignant primary bone sarcomas are osteosarcoma (OS) and Ewing 
sarcoma (ES). The incidence of sarcomas rises sharply from early childhood into 
adolescence, as shown in Fig. 11.1. An exception is a peak during infancy, largely 
explained by the occurrence of fibrosarcoma and other NRSTS in this age group. 
RMS occurs throughout a broad age range, with a peak incidence between age 1 and 
4 years. NRSTS demonstrates the aforementioned peak in infancy followed by a 
nadir during the first decade of life and then an increase in adolescence and young 
adulthood. The peak incidence of both OS and ES is in the second decade of life.

The treatment of sarcomas has been a vexing challenge in the field of pediatric 
oncology. There has not been a demonstrable improvement in 5-year survival in any 
pediatric sarcoma type since 1990 [2]. Survival rates for patients with metastatic 
sarcomas have been especially disappointing despite the conduct of clinical trials 
that have introduced new chemotherapy agents into standard backbones of therapy. 
This chapter provides an overview of the workup and multidisciplinary treatment of 
the common pediatric bone and soft tissue sarcomas.
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11.1	 �Multidisciplinary Management of Sarcomas

The successful treatment of sarcomas involves numerous specialists, ideally work-
ing together in a coordinated manner. The need for a multidisciplinary approach 
begins at the time of diagnosis and extends through the treatment course. The diag-
nosis is typically made after a patient presents with symptoms and is referred for a 
radiology study. The radiologist can help distinguish between a benign or malignant 
process and advise on appropriate imaging studies to delineate the extent of disease. 
The diagnosis is confirmed via surgical biopsy or resection, performed by an ortho-
pedic oncologist, general surgeon, or interventional radiologist, depending on the 
tumor site. The surgical approach should be planned with the medical and radiation 
oncologists, who can advise on the indications for neo-adjuvant therapy. Additionally, 
the pathologists should be apprised of the clinical and imaging features, so that an 
appropriate histologic and molecular workup may be undertaken. As described in 
the sections below, the therapy of sarcomas is multimodal, involving surgery, che-
motherapy, and radiation therapy, so the different specialists have continued involve-
ment throughout the treatment course. A successful functional and emotional 
outcome is also optimized by inclusion of nurses, physical therapists, social work-
ers, psychologists, and child life specialists.

Recognizing the importance of a multidisciplinary approach, we established a 
Multidisciplinary Sarcoma Program at the Children’s National Health System sev-
eral years ago. The program includes oncologists, surgeons, radiologists, radiation 
oncologists, pathologists, nurses, physical therapists, biologists, social workers, and 
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a genetic counselor. We hold bimonthly clinics that begin with a preclinic confer-
ence that includes a journal club, followed by radiology review and discussion of 
the patients who will be seen that day. Aside from fostering collaborative medical 
planning, the sarcoma clinic provides a logistical benefit for patients and families, 
who are able to have a “one-stop shopping” experience and see several specialists 
in a single clinic visit.

11.2	 �Bone Sarcomas

11.2.1	 �Osteosarcoma

OS is the most common primary bone cancer of childhood and adolescence. It is a 
tumor of malignant connective tissue that, by definition, produces osteoid. The 
World Health Organization (WHO) classification system recognizes the following 
histologic subtypes: conventional (osteoblastic, chondroblastic, and fibroblastic), 
telangiectatic, small cell, low-grade central, secondary, parosteal, periosteal, and 
high-grade surface [3]. Conventional OS, a high-grade tumor, is the most common 
variant seen in children and adolescents. With the exception of the low-grade central 
and parosteal types, all types of OS are treated with a combination of surgical resec-
tion and chemotherapy. The value of chemotherapy in the treatment of periosteal 
OS is an area of controversy.

11.2.1.1  �Clinical Presentation and Evaluation
The most common sites of OS in children and adolescents are the femur (50%), tibia 
(26%), and humerus (10%) [4]. The axial skeleton may be involved, particularly in 
older individuals. Pain, which may be intermittent, is the most frequent presenting 
symptom. Swelling is another sign of OS, which may be minimal at first but becomes 
progressively worse over time. Approximately 10–20% of patients with newly diag-
nosed OS have distant metastases detectable on imaging studies. The lungs are by 
far the most common site of metastatic disease, followed by the bone. Other 
reported, but infrequent, locations of tumor spread include lymph nodes, the liver, 
the brain, and soft tissue [4–6].

The diagnostic workup of OS involves several imaging modalities. Plain films 
of the affected bone are a valuable initial tool. Typical radiologic features of OS 
include lytic, sclerotic, or mixed lesions that may be confined to the medullary 
canal but often destroy the cortex and elevate soft tissue. Osteoid produced by tumor 
cells appears cloudlike with ill-defined margins. Periosteal reaction, appearing as 
triangular-shaped elevations called Codman triangle, occurs frequently. The major 
limitation of plain films is their insensitivity in delineating the extent of tumor 
involvement. Magnetic resonance imaging (MRI) is more accurate in defining tumor 
extent, including skip lesions in distant areas of the affected bone, and anatomic 
relationships with muscle, nerves, and vessels. Computed tomography (CT) is also 
accurate in determining tumor extent, but MRI is recommended because it does not 
involve ionizing radiation [7, 8]. Radiologic studies are also critical to assess for 
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distant metastases. Chest CT is the most sensitive way to detect lung metastases, 
though CT sometimes underestimates the burden of lung metastatic disease and, 
conversely, can detect nodules that are not confirmed to be tumor by biopsy. Bone 
scintigraphy, using technetium-99m-methylene diphosphonate (MDP), is the most 
commonly used technique to detect distant bone metastases. A comparison of fluo-
rodeoxyglucose positron emission tomography (FDG-PET) with MDP bone scans 
found that for OS, the two techniques have similar sensitivity in detecting bone 
metastases [9]. However, for ES, PET scan was more sensitive. Functional imag-
ing modalities, such as PET scans and dynamic contrast-enhanced MRI, have been 
used to predict OS responsiveness to chemotherapy, but this has not been adopted 
as standard of care at most centers [10–12].

Distinguishing between OS and other tumors or conditions requires a biopsy. 
The choice between open and percutaneous biopsy varies according to institutional 
preference. Open biopsies provide the greatest quantity of tissue for microscopic 
examination and the conduct of biology studies. Percutaneous biopsies, either core 
or needle, are less invasive and can be performed by an interventional radiologist 
with rapid recovery time. With either type of biopsy, the biopsy site should be 
planned with the orthopedic oncologist so that the biopsy tract can be excised at the 
time of definitive resection.

11.2.1.2  �Surgery
Surgery was the first available therapy for OS and remains the centerpiece of treat-
ment today. Once the diagnosis of OS is established, the current standard is to 
administer neo-adjuvant chemotherapy to treat micrometastatic disease and facili-
tate subsequent surgical resection. The surgical options for treating bone tumors are 
described in other chapters, but most patients undergo limb salvage procedures in 
which the affected portion of the bone is removed and replaced with an artificial 
implant (endoprosthesis), cadaveric bone graft (allograft), or both (allograft-pros-
thetic composite). A significant challenge in young patients is the small size of the 
limb and vessels and the amount of remaining skeletal growth. Approximately 5% 
of patients undergo amputation, usually when tumor resection cannot be accom-
plished with a limb salvage procedure. Another surgical option is rotationplasty, 
which involves resecting the distal femur but leaving an intact neurovascular bundle 
to the tibia. The tibia is then rotated so that the foot is inverted and fixated to the 
remaining femur, resulting in a functional joint (the ankle) to replace the knee. A 
removable prosthesis may then be fitted with good results. Regardless of the proce-
dure performed, it is critically important to achieve complete surgical resection with 
negative margins, if possible.

Surgery also plays an important role in the treatment of pulmonary metastases. 
Although the outcome for patients with pulmonary metastases has traditionally 
been poor, surgical resection of both primary and metastatic diseases combined with 
chemotherapy has increased disease-free survival rates to 20–40%. After relapse, 
resection of metastases may significantly extend the survival time.

A. Kim et al.
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11.2.1.3  �Radiation Therapy
OS is a radioresistant tumor that requires very high doses to achieve local control. 
As such, radiation therapy does not play a major role in initial management. 
However, there are settings in which radiation therapy may be employed to comple-
ment surgery in the setting of positive microscopic margins. Radiation therapy may 
be useful in the setting of unresectable tumors (especially of the spine) and for pal-
liative care, to curtail tumor growth and alleviate symptoms [13].

11.2.1.4  �Chemotherapy
Before the era of chemotherapy, 80% of patients with localized OS would develop 
pulmonary metastases despite complete tumor resection via radical amputation. In 
the 1970s, it was recognized that high-dose methotrexate, doxorubicin, and cisplatin 
have activity against osteosarcoma (reviewed in [14]). In 1978, the Mayo Clinic 
reported improved survival without chemotherapy, which was attributed to improved 
surgical techniques or a change in the natural history of OS [15]. As a result, adju-
vant chemotherapy was not the definitive standard of care until prospective random-
ized trials firmly established the benefit of chemotherapy [16, 17]. In the mid-1970s, 
the Memorial Sloan Kettering Cancer Center pioneered the use of preoperative neo-
adjuvant chemotherapy with response-based chemotherapy after definitive surgical 
resection [18]. Purported advantages of this approach included the more immediate 
treatment of micrometastatic disease and the facilitation of surgical resection. 
Additionally, assessing tumor response to chemotherapy provided prognostic infor-
mation such that poor histologic responders were found to have survival rates of 
only 40–50% compared to good responders, with survival rates >70% [4, 19]. 
However, attempts to improve the survival rate by increasing pre- or postoperative 
chemotherapy or changing chemotherapy agents after surgery have been unsuccess-
ful [20].

Today, the most commonly used chemotherapy regimens for osteosarcoma 
include high-dose methotrexate, doxorubicin, and cisplatin (MAP), with or without 
ifosfamide. For localized disease, current regimens have resulted in durable event-
free survival (EFS) estimates of 60–70% [4, 21, 22]. For metastatic disease, durable 
EFS is only 20–40% [4, 23, 24]. Table  11.1 summarizes impactful cooperative 
group trials for osteosarcoma that were reported in the past 10 years.

Recent clinical trials have evaluated novel approaches to improve outcomes. The 
INT-0133 study, conducted by the Children’s Cancer Group (CCG) and the Pediatric 
Oncology Group (POG), posed two questions. The first question was to evaluate the 
benefit of adding muramyl tripeptide phosphatidyl ethanolamine (MTP-PE) to a 
chemotherapy backbone of MAP. MTP-PE, also called mifamurtide, is a synthetic 
lipophilic analogue of a mycobacterial cell wall component that potentiates the 
immune system by activating monocytes and macrophages. Mifamurtide showed 
activity against OS in preclinical models and in early-phase clinical trials. The sec-
ond question was to evaluate the benefit of adding ifosfamide to the standard MAP 
backbone (MAPI). The study was conducted using a 2 × 2 factorial design result-
ing in four treatment arms: MAP±mifamurtide and MAPI±mifamurtide. The initial 
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Table 11.1  Recent cooperative group chemotherapeutic trials in patients with osteosarcoma

Study Hypothesis Patients Results Conclusion

INT-0133 
[21, 24]

Randomized study to test 
whether ifosfamide or 
mifamurtide improves 
outcome of patients with 
osteosarcoma treated with 
methotrexate, 
doxorubicin, and cisplatin 
(MAP)

Localized: 
n = 662

−Ifos: 6 years
EFS: 63%

Ifosfamide did not 
improve EFS or 
OAS

+Ifos: 4 years
EFS: 64%

For localized 
disease, 
mifamurtide 
showed a 
statistically 
significant 
improvement in 
OAS and a trend 
toward 
improvement  
in EFS

−Ifos: 6 years
OAS: 73%

+Ifos: 6 years
OAS: 75%

−mifamurtide: 
6 years
EFS: 61%

+mifamurtide: 
6 years
EFS: 67%

−mifamurtide: 
4 years
OAS: 70%

+ mifamurtide: 
4 years
OAS: 78%

Metastatic: 
n = 91

−Ifos: 4 years
EFS: 35%

+Ifos: 4 years
EFS: 34%

−Ifos: 4 years
OAS: 52%

+Ifos: 4 years
OAS: 43%

−mifamurtide: 
5 years
EFS: 26%

+mifamurtide: 
5 years
EFS: 42%

−mifamurtide: 
5 years
OAS: 40%

+mifamurtide: 
5 years
OAS: 53%

findings of the study found that adding ifosfamide made no difference in event-free 
survival (EFS) for patients with localized OS [19]. Addition of mifamurtide made 
no difference in EFS in the MAP arm but seemed to improve EFS in the MAPI 
arm. This suggested an interaction between ifosfamide and mifamurtide. However, 
longer-term follow-up did not observe this interaction [21]. Longer follow-up con-
firmed that adding ifosfamide had no impact on EFS or overall survival (OAS). 
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Table 11.1  (continued)

Study Hypothesis Patients Results Conclusion

EURAMOS 
[20, 25]

Good histologic response 
(>90% necrosis): 
randomized study of 
maintenance therapy with 
pegylated interferon in 
addition to MAP

Good 
histologic 
response 
(localized 
and 
resectable 
metastatic): 
n = 716

MAP: 3 years
EFS: 74%

Neither interferon 
nor ifosfamide/
etoposide improved 
outcomes

MAP-IFN: 3 
years
EFS: 77%

MAP: 5 years 
OAS: 81%

MAP-IFN: 5 
years
OAS: 84%

Poor histologic response 
(<90% necrosis): 
randomized study of 
ifosfamide/etoposide in 
addition to MAP

Poor 
histologic 
Response 
(localized 
and 
resectable 
metastatic): 
n = 615

MAP: 3 years 
EFS: 54%

MAPIE: 3 
years
EFS: 52%

MAP: 5 years 
OAS: 68%

MAPIE: 5 
years
OAS: 66%

SFOP-OS94 
[145]

Randomized comparison 
of pre-op chemotherapy 
with MTX/Dox versus 
Ifos/etoposide/MTX for 
localized disease. Good 
histologic response 
continued same therapy 
post-op. Poor histologic 
responders had post-op 
therapy altered to include 
other active agents

Localized 
disease: 
n = 234

5 years
EFS: 62%

MTX/Ifos/etoposide 
yielded a higher rate 
of good histologic 
responders than 
MTX/Dox. There 
was no significant 
difference in 
survival between the 
arms, but a trend 
toward improved 
EFS in the MTX/
Ifos/etoposide arm

5 years
OAS: 76%

ISG-OS1 
[22]

Randomization for patients 
with nonmetastatic OS to 
receive preoperative MAP 
chemotherapy versus MAP 
with ifosfamide. 
Postoperatively, patients in 
the MAP arm received Ifos 
only for poor histologic 
response. Patients in the 
MAPI arm received 
ifosfamide postoperatively 
regardless of response

Localized 
disease: 
n = 246

MAP: 5 years 
EFS: 64%

Ifosfamide did not 
provide a benefit 
for EFS or OASMAPI: 5 years 

EFS: 55%

MAP: 5 years 
OAS: 73%

MAPI: 5 years 
OAS: 74%

EFS event-free survival, OAS overall survival, MTX methotrexate, Dox doxorubicin, Ifos ifos-
famide, MAP methotrexate/doxorubicin/cisplatin, MAPI methotrexate/doxorubicin/cisplatin/ifos-
famide IFN interferon
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However, there was a suggestion that mifamurtide modestly improved EFS (6-year 
EFS 67% versus 61%, p = 0.08) and OAS (6-year OAS 78% versus 70%). For meta-
static disease, the pattern of benefit for ifosfamide and mifamurtide was the same: 
there was clearly no benefit for ifosfamide, but there was a suggestion, though not 
statistically significant, that mifamurtide improved EFS and OAS [24]. Mifamurtide 
has been approved for use in Europe, but is not approved by the Food and Drug 
Administration in the United States.

The recently completed EURAMOS study, an international collaboration 
between the Children’s Oncology Group (COG), German-Austrian-Swiss 
Cooperative Osteosarcoma Group (COSS), European Osteosarcoma Intergroup 
(EOI), and Scandinavian Sarcoma Group (SSG), also addressed two questions. 
Patients with a good histologic response to chemotherapy, defined as a necrosis rate 
>90% after 10 weeks of preoperative MAP chemotherapy, continued MAP for a 
total of 29 weeks of therapy and were randomized to stop therapy or receive a main-
tenance phase with pegylated interferon alfa-2b [25]. The study showed no improve-
ment in EFS with interferon, though many patients discontinued interferon early. 
Patients with a poor histologic response to chemotherapy were randomized to con-
tinue MAP therapy or receive MAP with ifosfamide and etoposide (MAPIE) [20]. 
There was no EFS or OS benefit with the MAPIE arm, though more toxicity and 
second malignancies were observed.

11.2.1.5  �Experimental Therapeutics/Targeted Agents
Phase 2 trials for OS included studies of topotecan, imatinib, oxaliplatin, ixabepi-
lone, docetaxel, iproplatin, irinotecan, and rebeccamycin [26]. Aside from docetaxel, 
which produced 1 complete response and 1 partial response among 21 evaluable 
patients, there were no objective responses [27]. Several case series have reported 
objective responses in recurrent OS to the gemcitabine/docetaxel combination, and 
this combination is commonly used in the treatment of recurrent OS [28–30]. Phase 
2 studies of trastuzumab, an anti-HER2 antibody, and inhaled granulocyte-mono-
cyte stimulating factor (GM-CSF) did not show evidence of activity for metastatic 
or recurrent OS, respectively [31, 32]. Current studies are evaluating the bisphos-
phonate zoledronic acid for metastatic OS. A previous study found that administra-
tion of zoledronic acid with chemotherapy is feasible [33]. Current and future 
studies will evaluate the activity of eribulin (novel microtubule inhibitor), deno-
sumab (monoclonal antibody directed against receptor activator of nuclear factor 
kappa B ligand, RANKL), dinutuximab (anti-GD2 antibody), and glembatumumab 
vedotin (targets a transmembrane glycoprotein) [26].

11.2.1.6  �Recurrent Disease
Most recurrences of OS occur in the lungs (~75%), followed by distant bone (~15%) 
and local bone (~10%) [34]. Durable survival rates following recurrence are only 
20–35% [35, 36]. Surgery plays a crucial role in the management of recurrence. 
Numerous studies have confirmed the benefit of resecting pulmonary metastases, 
both in terms of OAS rate and duration of survival [37]. In some cases, multiple 
thoracotomies are necessary to achieve a long-term cure. Although responses to 
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chemotherapy are observed, the effect of chemotherapy on long-term survival in 
recurrent OS remains undefined.

11.2.2	 �Ewing Sarcoma

First described by James Ewing in 1921, Ewing sarcoma (ES) is a tumor derived 
from mesenchymal cells. ES is the second most common primary malignant bone 
cancer with approximately 225 new cases diagnosed annually in patients less than 
20 years of age in North America. Compared to osteosarcoma, ES tends to occur 
more frequently in the axial skeleton and arise from the diaphyseal region of the 
bone but may also arise in the soft tissues. The most common primary tumor sites 
are the long bones of the lower extremities, pelvic bones, and the bones of the chest 
wall. Metastatic disease, present in approximately 25% of patients with ES, typi-
cally involves the lungs, bone, bone marrow, or a combination of these sites.

The most common age of diagnosis is the second decade of life, although 20%–
30% of cases are diagnosed in the first decade, with a slight male predominance. ES 
more frequently affects Caucasian patients as compared to Asians, African-
Americans, or Africans [38–42].

11.2.2.1  �Clinical Presentation and Evaluation
Local pain followed by swelling or a palpable mass is often the initial presenting 
symptom though, based on the affected site, specific symptoms will vary. Fever, 
fatigue, loss of appetite, weight loss, and other nonspecific symptoms may occur but 
are more common in more advanced or metastatic disease.

Initial imaging should include plain radiographs of the involved region, which 
classically demonstrate a lamellated or “onionskin” periosteal reaction. A lytic 
lesion with spiculated periosteal reaction or detachment of the periosteum from the 
bone (Codman triangle) can also be associated with ES. Additional evaluation of the 
primary site with MRI delineates the full extent of bone and soft tissue involvement 
as well as the relationship of the tumor to surrounding structures.

Tissue biopsy is the preferred method to confirm the diagnosis. Histologically, 
ES is a small round blue cell tumor characterized by membrane expression of CD99 
with positivity for vimentin by immunohistochemical analysis. A reciprocal chro-
mosomal translocation involving the EWS gene on chromosome 22 and an ETS-type 
gene, most commonly the FLI 1 gene on chromosome 11 [t(11;22) (q24;q12)], is 
present in greater than 85% of Ewing tumors. These pathognomonic translocations 
can be detected using fluorescence in situ hybridization and/or reverse transcription-
polymerase chain reaction and add confirmation to the histologic diagnosis.

Patients with ES are classified as having either localized or metastatic disease. 
Metastatic evaluation includes bone scintigraphy, bone marrow aspirates and biop-
sies, and a chest CT scan. FDG-PET imaging is more frequently being incorporated 
into the metastatic workup for patients with ES as it has been shown to provide 
important diagnostic information as well as correlation to response to chemotherapy 
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and outcome [43–46]. Current cooperative group clinical trials are prospectively 
evaluating the utility of FDG-PET.

The presence of metastatic disease, older age at diagnosis, axial primary tumor, 
and larger tumor size have been shown to be independent negative prognostic fac-
tors in multivariate analysis [47, 48]. Other studies have suggested features such as 
male sex, fever, anemia, high-serum LDH level, and type of chemotherapy regimen 
may also be prognostic [49]. For the group of patients with metastatic disease, there 
was a trend for better survival in those with lung involvement compared with those 
with bone metastases or a combination of lung and bone metastases [50].

11.2.2.2  �Treatment Overview
Treatment for ES includes systemic, multi-agent chemotherapy as well as local con-
trol with surgical resection, radiation therapy, or a combination of these two modali-
ties. An interdisciplinary team including medical oncology, orthopedic surgery, and 
radiation oncology is advisable to determine the optimal treatment plan aiming to 
maximize antitumor effect and minimize acute and late adverse effects [41]. Patients 
with localized ES have a 5-year overall survival of 65% to 75%. Patients with meta-
static disease have a significantly lower 5-year overall survival of <30%, with the 
exception of those with isolated pulmonary metastasis where overall survival ranges 
30–50% [40, 50].

11.2.2.3  �Surgery
Surgery is the most commonly used form of local control. Patients with an isolated, 
resectable tumor after induction chemotherapy typically go on to have surgical 
resection of their primary tumor, a limb salvage procedure in the case of extremity 
bone lesions. The aim of surgery is resection with negative margins defined in pedi-
atric protocols as bony margins of at least 1  cm, with a 2–5  cm margin recom-
mended. For soft tissue tumors, at least 5 mm in fat or muscle with 2 mm through 
fascial planes is required. When complete surgical resection with pathologically 
negative margins is achieved, postoperative radiation therapy is not required.

11.2.2.4  �Radiation Therapy
Radiation therapy is an effective method of local control for patients in ES [51–53]. 
Typically radiation is utilized for patients in whom surgical resection with negative 
margins cannot be achieved or when surgical resection would be deforming or par-
ticularly morbid. Radiation is recommended for metastatic sites that are not com-
pletely resected, including whole-lung radiation for patients with pulmonary disease 
at diagnosis and radiation to involved, unresected lymph nodes. The ongoing Euro-
Ewing study is randomizing patients with lung metastases to receive high-dose 
therapy with autologous stem cell transplant (ASCT) versus pulmonary radiation.

11.2.2.5  �Chemotherapy
Early trials demonstrated chemotherapy regimens incorporating vincristine, doxo-
rubicin, cyclophosphamide, and actinomycin D to be active in patients with ES, 
particularly for localized disease (Table  11.2) [54]. The addition of ifosfamide 
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Table 11.2  Recent chemotherapeutic trials in patients with Ewing sarcoma

Study Hypothesis Patients Results Conclusion

United 
Kingdom 
Children’s 
Cancer 
Study Group 
(UKCCSG) 
and the 
Medical 
Research 
Council 
Bone 
Sarcoma 
Working 
Party 
Ewing’s 
Tumour 
Study (ET-1), 
1978–1986 
[54]

Vincristine, 
cyclophosphamide, 
doxorubicin, 
actinomycin D 
with radiotherapy ± 
surgery to the 
primary tumor

120 patients with 
localized disease

45 remain 
alive 
(median 
follow-up 
11.2 years)

Long-term 
survival has 
improved in 
patients 
treated for 
ES22 patients with 

metastatic disease
2 remain 
alive

Cooperative 
Ewing’s 
Sarcoma 
Study 
(CESS) 86, 
1986–1991 
[55]

Vincristine, 
cyclophosphamide, 
doxorubicin, 
actinomycin D in 
standard-risk 
patients, and 
ifosfamide in  
place of 
cyclophosphamide 
in high-risk 
patients (large or 
central axis 
tumors)

301 
patients 
with 
localized 
disease

Standard-risk 
group n = 52

10-year 
EFS = 52%

High-risk 
patients seem 
to have 
benefited 
from 
intensified 
treatment that 
included 
ifosfamide

High-risk 
group 
n = 241

10-year 
EFS = 51%

National 
Cancer 
Institute 
protocol 
INT-0091 
(CCG-7881 
and 
POG-8850), 
1988–1992 
[56]

Randomized trial 
adding ifosfamide 
and etoposide to 
standard 
chemotherapy 
(doxorubicin, 
vincristine, 
cyclophosphamide, 
dactinomycin) in 
patients with ES

398 
patients 
with 
localized 
disease

Standard 
therapy 
group 
n = 200

5-year EFS =  
54 ± 4%

The addition 
of ifosfamide 
and 
etoposide 
significantly 
improved 
outcome for 
patients with 
localized 
disease

5-year OAS 
=61 ± 3.6%

Experimental 
therapy 
group 
n = 198

5-year EFS =  
69 ± 3%

5-year 
OAS =  
72 ± 3.4%

120 
patients 
with 
metastatic 
disease

Standard 
therapy 
group n = 62

5-year EFS =  
22 ± 6%

5-year 
OAS = 35%

Experimental 
therapy 
group n = 58

5-year EFS =  
22 ± 5%

5-year 
OAS = 34%

(continued)
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[55] and, later, ifosfamide and etoposide [56] significantly improved outcomes 
for patients with localized disease, even those considered at higher risk (central 
axis primary tumor location and large initial tumor volume). A recent Children’s 
Oncology Group (COG) randomized phase 3 trial evaluated chemotherapy dose 
intensification through interval compression in patients with localized ES. Patients 
received cycles of vincristine, doxorubicin, and cyclophosphamide alternating with 
ifosfamide and etoposide administered every 21  days (standard therapy arm) or 
every 14 days (intensified therapy arm). Local control included surgery and/or radi-
ation therapy. A statistically significant difference was observed in the 5-year EFS 
between the standard and intensified arms, 65% and 73%, respectively (p = 0.048). 
Importantly the toxicity of the regimens was similar [57]. This interval-compressed 
backbone is now considered the standard therapy for localized disease in North 
America.

ES patients with metastatic disease at presentation and patients with disease 
recurrence remain a challenge. High-dose chemotherapy with ASCT has been eval-
uated in these groups, but results are inconclusive. Select studies suggest benefit in 
small patient cohorts, but with significant toxicity [58–60]. A larger European study 
demonstrated a 3-year EFS of 27% and 3-year OAS of 34% in patients with meta-
static ES following induction chemotherapy, local control, then high-dose chemo-
therapy with busulfan and melphalan, and ASCT [61]. A risk-stratified treatment 
approach for high-dose therapy was developed from this study based on prognostic 
factors.

In an effort to improve outcomes, clinical trials for patients with newly diag-
nosed ES are ongoing. In the COG AEWS1031 study, patients with localized 

Study Hypothesis Patients Results Conclusion

Children’s 
Oncology 
Group phase 
3 protocol 
AEWS0031, 
2001–2005 
[57]

Randomized 
controlled trial of 
intensification 
through interval-
compressed 
chemotherapy 
(vincristine-
doxorubicin-
cyclophosphamide 
and ifosfamide-
etoposide) in 
patients with 
localized ES

568 
patients 
with 
localized 
disease

Standard 
therapy 
group 
n = 284

5-year 
EFS = 65%

Intensifi
cation 
through 
interval-
compressed 
chemo
therapy is 
more 
effective than 
chemo
therapy 
administered 
every 
3 weeks, 
without 
increase in 
toxicity

Intensified 
therapy 
group 
n = 284

5-year 
EFS = 73% 
(p = 0.048)

EFS event-free survival, OAS overall survival

Table 11.2  (continued)
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disease receive the standard interval-compressed backbone of vincristine, doxorubi-
cin, cyclophosphamide, ifosfamide, and etoposide, with a randomization to receive 
or not receive vincristine, topotecan, and cyclophosphamide.

11.2.2.6  �Experimental Therapeutics/Targeted Agents
In patients with metastatic ES, a phase 2 randomized trial will compare disease 
response following a standard therapy arm of interval-compressed multi-agent che-
motherapy to an experimental arm with interval-compressed multi-agent chemo-
therapy and the addition of ganitumab (AEWS1221). Ganitumab is a fully human 
monoclonal antibody directed against the insulin-like growth factor receptor 1 
(IGF-1R). Early studies have demonstrated response in ES following single-agent 
IGF-1R therapy [62, 63].

Other therapies are undergoing evaluation in patients with recurrent ES includ-
ing antiangiogenesis agents (bevacizumab), small-molecule tyrosine kinase inhibi-
tors (cabozantinib), inhibitors of the insulin receptor and IGF-1R (linsitinib), poly 
(ADP-ribose) polymerase (PARP) inhibitors (olaparib), and immunotherapeutic 
approaches such as anti-GD2 monoclonal antibody therapy and cancer vaccine 
trials.

11.3	 �Soft Tissue Sarcomas

11.3.1	 �Rhabdomyosarcoma

RMS is the most common sarcoma in children less than 20 years of age and accounts 
for approximately 40% of all pediatric soft tissue sarcomas [64]. Although RMS 
can arise anywhere in the body, certain locations can be more common based on age 
and subtype, and clinical signs and symptoms correlate with site of disease. The 
overwhelming majority of RMS occurs sporadically with no known predisposing 
factors; however, the development of RMS has been associated with tumor predis-
position syndromes such as Li-Fraumeni Syndrome [65], neurofibromatosis type 1 
[66], Costello syndrome [67], and DICER1 mutations [68].

The WHO describes four subtypes of RMS, embryonal (ERMS), alveolar 
(ARMS), pleomorphic, and spindle cell/sclerosing [3]. Each type has distinct 
molecular, genetic, and clinical features. The majority of ARMS are characterized 
by translocations between the FOXO1 gene on chromosome 13 and either the PAX3 
gene on chromosome 2 [t(2;13) (q35;q14)] or PAX7 gene on chromosome 1 [t(1;13) 
(p36;q14)] [69]. ERMS is characterized by LOH at the 11p15 locus suggesting 
tumorigenesis by inactivation of a tumor suppressor gene [70]. Genes with recur-
ring mutations include those in the RAS pathway, observed in one-third of cases 
[71]. Identifying translocations may be of prognostic significance as there are data 
that demonstrate that ARMS carrying translocation behaves differently from ARMS 
that does not and from ERMS [72, 73]. In young children, the spindle cell subtype 
has recurring chromosomal rearrangements involving the NCOA2 gene and is 
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associated with favorable outcome [74]. Importantly, gene expression of tumors 
will likely play important roles in classification, stratification of treatment, and 
identification of new potential therapies.

General principles of RMS therapy begin with histologic diagnosis (± molecu-
lar subtyping), primary site and extent of disease, and extent of surgical resection 
[75]. Cooperative groups have defined risk-adapted treatments requiring a multidis-
ciplinary approach including surgery, chemotherapy, and usually radiation. The two 
major staging systems developed by the Intergroup Rhabdomyosarcoma Study 
Group (IRSG) are site-modified TNM staging system (stage) and pathologic extent 
of resection (group) detailed in Tables 11.3 and 11.4 [76, 77]. The COG Soft Tissue 
Sarcoma (STS) Committee defines low-, intermediate-, and high-risk groups based 
on the clinical stage, group, and histology (Table 11.5) [78].

11.3.1.1  �Surgery
The aim of surgery should be for complete surgical resection whenever possible at 
diagnosis without causing major function or cosmetic defects [75]. This is not fea-
sible for many RMS, particularly when located in parameningeal, orbital, and geni-
tourinary areas. For tumors where complete surgical resection is not possible due to 
location, size, or invasion, biopsy should be undertaken to determine histology. 

Table 11.3  Intergroup Rhabdomyosarcoma Study Group (IRSG) staging system [12, 13]

Stage Sites Tumor size Lymph node Metastasis

1 Orbit, non-PM Any N0, N1 M0

Head/neck

GU-non-bladder/prostate

Biliary tract/liver

2 All other ≤ 5 cm N0 M0

3 All other ≤ 5 cm N1 M0

>5 cm N0 or N1

4 Any Any N0 or N1 M1

Abbreviations: N0 no regional lymph nodes clinically involved, N1 regional lymph nodes clinical 
involved, M0 no distant metastasis, M1 distant metastasis

Table 11.4  Intergroup Rhabdomyosarcoma Study Group (IRSG) grouping system [12]

Group Extent of disease and surgical result

I Localized tumor, completely resected

II Localized tumor, grossly removed with

�(a)  Microscopic margins

�(b)  Involved regional lymph nodes

�(c)  Both a and b

III Localized tumor with gross residual disease or biopsy only

IV Distant metastasis present at diagnosis (including positive cytology in CSF/pleural/
peritoneal fluid) regardless of surgical approach
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There does not appear to be significant benefit in debulking operations on progres-
sion free or overall survival in RMS [79]. For tumors that are incompletely resected 
upfront, but have potential for complete resection, primary re-excision is often rec-
ommended as improvement in survival can be produced by primary surgical re-
excision if feasible [80].

Surgery may also be used in a delayed primary excision (DPE) or as second-look 
surgery either during or at the end of therapy. DPE following induction chemother-
apy may allow for reduced doses of radiation therapy without affecting local control 
outcomes [81]. Second-look surgeries of residual tumor either during or at the end 
of therapy have previously been evaluated. Persistence of radiographic masses at 
the end of therapy is well known, but biologic potential is uncertain, and resection 
of residual masses at the end of therapy has not been associated with improved 
outcome [82]. However, second-look surgeries may demonstrate whether viable 
tumor is present, which has decreased failure-free survival compared to those with-
out viable tumor [83]. One challenge is to determine which residual masses war-
rant second-look procedures that may alter treatment and mitigate response. Further 
study evaluating imaging modalities such as FDG-PET may have a role in the future.

In addition to the primary site, careful attention should be made to regional 
lymph node assessment. Specific guidelines of histologic or radiologic assessment 
vary among cooperative groups. The COG requires ipsilateral retroperitoneal lymph 
node dissection for boys ≥10 years of age with paratesticular tumors, whether or not 
nodes are enlarged by imaging studies. This requirement is based on results from 
the IRS-IV trial, which showed inferior outcome for boys ≥10 years of age classi-
fied as Group I based on imaging alone [84]. In patients with extremity tumors, 
approximately half have regional lymph node involvement [85], and surgical sam-
pling of clinically negative regional lymph nodes is recommended in current trials. 
The role of FDG-PET and less aggressive surgical sampling with sentinel node 
biopsy is of ongoing interest [86].

11.3.1.2  �Radiation Therapy
There is a clear role for radiation in non-resected/residual RMS; however, the extent 
and dose vary depending on cooperative group. The COG STS has historically 
based radiation doses on the amount of tumor that remains after initial surgery and 
pre-chemotherapy [87, 88]. The European cooperative groups have allowed for 

Table 11.5  COG rhabdomyosarcoma risk groups [14]

Risk 5-year FFS % Stage Group Histology

Low, subset 1 90 1 or 2 I or II ERMS

1 III orbit ERMS

Low, subset 2 87 1 III non-orbit ERMS

3 I or II ERMS

Intermediate 65–73 2 or 3 III ERMS

1, 2, or 3 I, II, or III ARMS

High <30 4 IV ERMS/ARMS

Abbreviations: FFS failure-free survival, ERMS embryonal rhabdomyosarcoma, ARMS alveolar 
rhabdomyosarcoma
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radiation dose reduction and elimination based on the amount of tumor remaining 
after chemotherapy initiation with or without DPE [89]. The COG STS has evalu-
ated RT dose reduction after DPE, which demonstrated no significant change in 
EFS or OAS compared to historical controls, but this was only applicable to patients 
who are eligible for DPE [81].

Current RT guidelines have evolved and reducing toxicity associated with 
radiotherapy remains an important goal in RMS therapy [90–94]. COG STS cur-
rently recommends a cumulative dose of between 36 and 41.4 Gy for microscopic 
residual disease, whereas higher cumulate RT doses between 50.4 and 54 Gy (45 for 
orbital tumors) are used for gross residual disease. The use of “cone down” has been 
used for patients who initially presented with unresectable tumors who have 
responded to neoadjuvant chemotherapy. Advances in radiation technology and 
growing use of intensity-modulated RT (IMRT) [95, 96] and proton beam therapy 
[97, 98] continue to be evaluated in order to minimize dose received by normal sur-
rounding tissue. Survival data suggest comparable outcome with potential for 
reductions of late effects [99]; but ongoing research is needed.

11.3.1.3  �Chemotherapy
All patients with RMS should receive chemotherapy for both local and systemic 
therapies. Chemotherapy has primarily been given in combination with regimens 
containing vincristine, actinomycin D, and cyclophosphamide (VAC) [75]. 
Duration and intensity have varied depending on risk stratification as outlined in 
Table 11.5. The primary strategy for low-risk patients who generally have excel-
lent survival outcomes has been to reduce acute and long-term toxicities associ-
ated with therapy. In the most recent COG low-risk RMS study (ARST0331), 
shorter duration that included lower-dose cyclophosphamide and RT did not com-
promise the failure-free survival with subset-one low-risk ERMS [100]. For inter-
mediate-risk patients, no significant improvement in failure-free survival was 
seen with additional chemotherapeutic agents systematically introduced in ran-
domized trials beyond that achieved with VAC therapy [76, 101, 102]. The initial 
data from the recently completed ARST0531 study showed that the addition of 
vincristine and irinotecan (VI) to VAC may have reduced acute toxicity without 
compromise in survival [102]. High-risk patients are currently treated on inten-
sive multidrug regimen (additional agents with doxorubicin, ifosfamide, etopo-
side, irinotecan) where early outcome data showed an improved failure-free 
survival at 18 months that is 20% higher than previous studies, longer term follow 
up did not demonstrate improvement in survival [103].

11.3.1.4  �Experimental Therapeutics/Targeted Agents
With the increasing understanding in the pathogenesis and genomics of RMS 
and growing repertoire of molecularly targeted agents in development, early 
clinical trials evaluating these agents for recurrent RMS have become available. 
Agents targeting the RAS pathway [71], angiogenesis [104, 105], and immune 
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pathways [106] are being explored in both preclinical and clinical settings. 
Whether these agents have clinical promise, how genomic alterations will be 
evaluated, and ultimately how these will be incorporated into current therapy 
will be key to improving outcome and decreasing the acute and late effects of 
current multimodal therapy.

11.3.1.5  �Recurrent Disease
The long-term prognosis for patients with recurrent or progressive RMS remains 
poor [107]. Metastatic recurrence, prior radiation therapy, initial tumor size 
>5 cm, and time to relapse <18 months are unfavorable prognostic features for 
survival after recurrence [108]. The selection of further treatment depends on 
many factors such as site(s) of recurrence and previous treatments, which should 
be evaluated and planned in a multidisciplinary approach. For patients with 
regional or local recurrence, therapy may include aggressive surgical removal 
and/or local radiotherapy. Adjuvant chemotherapy will be needed for further dis-
ease control, and previous agents used may direct choice of relapsed regimen 
therapy.

11.3.2	 �Non-rhabdomyosarcoma Soft Tissue Sarcomas

Pediatric NRSTS are a rare and heterogeneous group of tumors with over 50 dis-
tinct histologic subtypes with a wide spectrum of local aggressiveness and meta-
static potential [109]. In children, synovial sarcoma, fibrosarcoma, fibrohistiocytic 
tumors, and malignant peripheral nerve sheath tumors are the most common his-
tologies [110, 111]. NRSTS are much more common in adolescents and adults and 
much knowledge regarding diagnosis; prognosis and therapy are based on sar-
coma treatment in adults [112, 113]. However, there are differences that must be 
appreciated. Some histologic subtypes may behave differently in children, and 
local control measures, such as surgery and radiation, have to take into consider-
ation the patient age, long-term function, and complications [114]. A multidisci-
plinary team of surgeons, pathologists, medical oncologists, and radiation 
oncologists is instrumental in the diagnosis and treatment of this heterogeneous 
group of sarcomas.

Similar to RMS, NRSTS can arise anywhere in the body, with the most common 
sites being extremities and trunk [115, 116]. Clinical signs and presentation will 
depend on site of disease. Due to the rarity of disease, accurate diagnosis of NRSTS 
is complex, and diagnoses are based on multiple evaluations including morphology, 
immunohistochemistry, cytogenetics, and molecular factors [117, 118]. Many are 
now defined by specific chromosomal translocations, cytogenetic abnormalities, 
and molecular studies (Table 11.6). Factors that most influence survival in pediatric 
NRSTS are presence of metastasis, histologic grade, size of primary tumor, and 
extent of surgical resection [115]. Based on these factors, prognosis and survival 
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estimates can be classified into low-, intermediate-, and high-risk groups [119]. 
Individualized therapy may vary depending on clinical presentation and histology, 
as some tumors may be more chemotherapy and radiation sensitive than others; in-
depth discussion for each type of pediatric NRSTS is beyond the scope of this chap-
ter. Caring for a pediatric NRSTS patient must be done in a multidisciplinary 
manner for the best outcome.

11.3.2.1  �Surgery
Local control is key and the first consideration in the treatment of pediatric 
NRSTS. Only a small percentage of patients with NRSTS presents with metastatic 
disease at presentation [120]. Surgery remains the principal therapeutic modality in 
pediatric NRSTS. Whenever possible, a complete surgical resection of the primary 
tumor with adequate margins is recommended, with re-excision recommended for 
residual disease or inadequate margins if feasible as tumors with <1 cm margins 
have higher rate of recurrence [121]. The ability for complete resection is a crucial 
prognostic factor with the estimated 5-year survival rate for patients with com-
plete resection, unresected disease, and metastatic disease as 86%, 52%, and 17%, 
respectively [116]. Adequate margins or resection with wide margins is not always 
feasible, in particular in pediatric patients and depending on location of disease.

Lymph node sampling or dissection is not routine for pediatric NRSTS but 
should be considered for certain histologies such as clear cell sarcoma [122] and 
epithelioid sarcoma [123], as these histologies have greater tendency for regional 
lymph node metastasis. Pulmonary disease is the most common site of metastasis 
for NRSTS, and in adults about 20% of NRSTS will develop evidence of metastatic 

Table 11.6  Frequent chromosomal aberrations in select non-rhabdomyosarcoma soft tissue 
sarcomas [53]

Histology Chromosomal aberration Gene involved

Alveolar soft part sarcoma t(x;17) (p11.2;q25) ASPL/TFE3

Clear cell sarcoma t(12;22) (q13;q12), t(2;22) 
(q33;q12)

ATF1/EWS, EWSR1/
CREB1

Congenital (infantile) 
fibrosarcoma

t(12;15) (p13,q25) ETV-NTRK3

Dermatofibrosarcoma 
protuberans

t(17;22) (q22;q13) COL1A1/PDGFB

Desmoplastic small round 
cell tumors

t(11;22) (p13;q12) EWS/WT1

Epithelioid 
hemangioendothelioma

t(1;3) (p36;q25) WWTR1/CAMTA1

Epithelioid sarcoma Inactivation SMARCB1 SMARCB1

Inflammatory myofibroblastic 
tumor

t(1;2) (q23;q23), t(2;19) (q23;q13), 
t(2;17) (q23;q23), t(2;2) (p23;q13), 
t(2;11) (p23;p15)

TPM3/ALK, TPM4/ALK, 
CLTC/ALK, RANBP2/
ALK, CARS/ALK

Synovial sarcoma t(x;18) (p11.2;q11.2) SYT/SSX

Tenosynovial giant cell tumor t(1;2) (p13;q35) CSF1
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disease [124]. The principles of surgery remain, with complete surgical resection of 
all sites required for cure, and yet the long-term survival remains dismal in these 
patients [124].

11.3.2.2  �Radiation Therapy
There are no standardized guidelines for radiation therapy (RT) in pediatric NRSTS, 
and much of the framework is adapted from adult STS experience [125, 126]. The 
extent of surgery, histologic grade, and size seem to play the most important in 
determining the need for adjuvant radiation therapy [127, 128]. Preoperative radia-
tion should also be considered in particular for patients with high-grade, large 
tumors for which adjuvant radiation will be given regardless, as the total volume 
and dose of RT can be significantly lower in these cases [129]. Although preopera-
tive RT may affect wound healing, there may be some advantage to minimizing 
long-term late effects [130, 131]. These decisions again should be considered in a 
multidisciplinary fashion.

11.3.2.3  �Chemotherapy
The role of chemotherapy varies for pediatric NRSTS, and again there is no stan-
dardized guideline. Certain histologies such as synovial sarcoma [132] have greater 
chemosensitivity than others. The two chemotherapeutic agents that have shown 
clinical benefit with objective tumor shrinkage in a variety of NRSTS are doxo-
rubicin and ifosfamide [133]. For most pediatric NRSTS, chemotherapy may be 
most indicated in unresectable or metastatic disease, although tumor response and 
ultimate survival may only be modestly improved with chemotherapy [116]. In an 
updated large meta-analysis in the outcome of over 1900 adults treated on 18 trials 
comparing local therapy alone to local therapy plus chemotherapy, adjuvant chemo-
therapy demonstrated a modest increase in the overall recurrence-free interval (10%) 
and slight reduction in absolute risk of death (HR 0.77, 95% CI 0.64–0.93, p = 0.01) 
[134]. There are differences in the distribution of histologies in adult versus pediatric 
NRSTS, so direct extrapolation is not always possible, and whenever feasible, medi-
cal therapy for pediatric NRSTS should be done within the context of a clinical trial.

Fibrosarcoma is one histology highlighted here due to the stark differences 
between pediatric and adult types. Fibrosarcoma represents about 30% of the soft 
tissue malignancies in children less than 1 years of age, and because this specific 
entity has been found to be less aggressive and more curable than fibrosarcoma in 
older children and adults, it is typically called infantile fibrosarcoma (IFS) [114, 
135, 136]. IFS is characterized by specific translocation t(12,13) involving the 
ETV6-NTRK3 genes, which is also seen in cellular mesoblastic nephroma, differen-
tiating it from adult fibrosarcomas [137]. Clinical presentation also differs in that in 
infants, it typically presents in an extremity site and with rapid growth. They are 
typically quite responsive to chemotherapy, with the most common agents used 
being vincristine and actinomycin with or without cyclophosphamide [135, 138]. 
Patients may have good prognosis and long-term survival even in the setting of 
marginal or subtotal resection [135, 138, 139]. Radiation is typically not required 
and often avoided due to the very young age of these children.
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11.3.2.4  �Experimental Therapeutics/Targeted Agents
Pediatric NRSTS are histologically diverse, many with pathognomonic transloca-
tions on molecular characterization. With the increasing understanding in the patho-
genesis of these tumors and the increasing pipeline of targeted agents for cancer 
therapy, targeted agents may have a significant role in the future treatments of these 
malignancies. There is evidence to support the role of the mTOR pathway in malig-
nant peripheral nerve sheath tumors [140, 141], angiogenesis inhibitors in alveolar 
soft part sarcoma [142], and other tyrosine kinases expressed in a range of NRSTS 
[143, 144]. Many of these developments have led to clinical trials evaluating these 
novel compounds in the clinical setting.

In conclusion, pediatric NRSTS are a diverse group of malignancies for which 
treatment primarily consists of surgery for local control with radiation and/or che-
motherapy to aid in local control. However, the actual treatment plans vary depend-
ing on the age, location, clinical presentation, and histology such that these tumors 
should be treated at expert centers with a multidisciplinary team of surgeons, 
oncologists, radiation oncologists, and pathologists.
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12Chemotherapy and Other Systemic 
Approaches to Adult Sarcomas

Dennis A. Priebat

12.1	 �Overview

Sarcomas are rare, mesenchymal tumors of the soft tissue and bone that exhibit a 
marked heterogeneity in their clinical presentation, biologic behavior, and histo-
logic and molecular features. Approximately 15,610 new cases are diagnosed annu-
ally, 12,310 of which arise from the soft tissues (50–60% of which involve the 
extremities) and 3300 from bones [1]. Major advances in the treatment of these 
tumors have been limited by an inability to accumulate sufficient numbers of similar 
patients to perform prospective randomized clinical trials with results that can 
achieve statistical significance.

Until the 1970s, surgery was the accepted method for the primary management 
of most soft tissue and bone sarcomas of the extremities. However, surgery alone, 
especially wide resection, was associated with a high incidence of local recurrences. 
Even when local control was achieved, more than 50% of patients with soft tissue 
sarcoma (STS) and 80% of patients with skeletal sarcoma (osteogenic and Ewing’s 
sarcoma) eventually developed distant metastasis and died, usually within 2 years.

Nonsurgical treatment modalities (i.e., radiation therapy and chemotherapy) 
were subsequently found to exhibit reproducible antitumor effects against these 
neoplasms. Initially used only in the treatment of metastatic disease, they were later 
used as a part of combined modality therapy in the adjuvant (postoperative) setting 
and then as preoperative (neoadjuvant, induction) therapy in an attempt to preserve 
limb function and/or increase long-term survival. More recently, molecular targeted 
therapies have been developed, which for the most part have a more favorable toxic-
ity profile but have thus far yielded limited results, (except for gastrointestinal stro-
mal tumors {GISTs}).
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12.2	 �Soft Tissue Sarcoma (STS)

Despite the development of successful therapeutic modalities for local tumor con-
trol (e.g., limb-sparing surgery and radiation therapy), 40–50% of patients, particu-
larly those with high-grade, large, deep tumors, will have local recurrences and die 
from metastases that were not apparent at presentation. An additional 10% of 
patients will have metastasis (usually the lung) at the time of initial diagnosis. 
Consequentially, chemotherapy was used initially to treat metastatic disease. It was 
later used to attempt to increase survival after local treatment and to also possibly 
maximize the number of candidates for limb-sparing surgery.

12.2.1	 �Chemotherapy Development

Only two single agents, doxorubicin and ifosfamide, have shown a reproducible 
response that is greater than 20% for soft tissue sarcomas. The largest experience 
with single-agent chemotherapy in this disease is with doxorubicin. A steep dose-
response relationship can be seen, as was first demonstrated in the Southwest 
Oncology Group (SWOG) study in the 1970s, in which a dose of 75 mg/m2 given 
every 3 weeks was shown to have a superior response rate to doses of 60 and 45 mg/
m2 [2]. Further evidence of a dose response has come from other studies of doxoru-
bicin administered alone, as well as in conjunction with ifosfamide [3]. Unfortunately, 
doxorubicin is associated with dose-limiting cardiotoxicity, which can be reduced 
without altering the drug’s effectiveness by administering it as a continuous IV infu-
sion over 72–96 h via a central venous catheter or by concomitant use of dexrazox-
ane (a cardioprotectant) [4]. To obtain an optimal response, it appears to be important 
to achieve a dose intensity of at least 70 mg/m2 every 3 weeks.

Analogues of doxorubicin have been developed in an effort to reduce the potential 
for cardiotoxicity that exists at higher cumulative doses. Epirubicin has been the 
most extensively studied. The EORTC Sarcoma Group compared equitoxic doses of 
doxorubicin 75 mg/m2 and epirubicin 150 mg/m2 (given as a single bolus or frac-
tioned over 3 days). An overall response rate of 18% was obtained. No difference 
was seen between the three study arms; however, myelosuppression was greater for 
epirubicin than for doxorubicin. The incidence of cardiotoxicity was similar for both 
agents. Unfortunately, none of the currently available anthracycline analogues show 
any advantage over doxorubicin for patients with soft tissue sarcomas [5]. Liposomal 
doxorubicin has demonstrated activity in soft tissue sarcomas (especially angiosar-
coma, Kaposi sarcoma, and desmoid tumors) [6, 7, 8]. However, for most other STS, 
the response rates are not equivalent to doxorubicin, and doses greater than 50 mg/
m2 are fraught with debilitating mucocutaneous toxicity (hand-foot syndrome) [9].

Alkylating agents have also been studied extensively, but only ifosfamide has 
shown activity equivalent to that of doxorubicin. There was debate over its activity 
compared with that of cyclophosphamide. In the 1980s, the EORTC performed a 
randomized trial comparing a 24-h continuous infusion of cyclophosphamide 1.5 g/
m2 vs. ifosfamide 5 g/m2 (chosen to produce a comparable degree of 
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myelosuppression) [10]. The response rate for ifosfamide in previously untreated 
patients with sarcoma was 25 vs. 13% for cyclophosphamide. In addition, ifos-
famide showed activity in previously treated patients and in patients who were resis-
tant to cyclophosphamide. There were no responses observed in patients crossed 
over to cyclophosphamide, indicating an incomplete cross-resistance between the 
two agents. Leukopenia was much less common in patients who received ifos-
famide, suggesting that further dose escalation would be possible.

Both the dosage and scheduling appear to be important factors for the use of 
ifosfamide in soft tissue sarcomas. Doses of less than or equal to 8 g/m2 demon-
strated clinical activity in numerous studies in the 1980s. But it was only in the 
1990s that a dose-response relationship was recognized and fully evaluated [11]. 
There appeared to be further antitumor activity of high-dose ifosfamide (12–14 g/
m2) in patients who did not respond to lower doses or who relapsed after standard 
dose ifosfamide-containing regimens. Several dose-intensified studies have shown 
higher clinical response rates than conventional dose regimens. When ifosfamide is 
used as a single-agent therapy, several experts recommend that a dose of ≥10 g/m2 
be the minimum needed to obtain an optimal response for patients with soft tissue 
sarcomas. With the availability of mesna (M), which protects against urothelial tox-
icity (i.e., hemorrhagic cystitis), the clinical use of this agent became practical. The 
scheduling of ifosfamide appears to be clinically important. Studies by Antman 
et al. [12] and Patel et al. [11] have suggested that a 2–4-h IV bolus schedule appears 
to have approximately twice the response rate as a continuous IV infusion. An 
EORTC randomized trial that compared two different dose schedules of ifosfamide 
(5 g/m2 over 24 h vs. 3 g/m2 over 4 h, day 1–3) demonstrated an advantage for the 
IV bolus intensive regimen in terms of response (10 vs. 25%) [13]. This same group 
also evaluated ifosfamide given at 12 g/m2 as a 72-h continuous IV infusion every 
four weeks which yielded an overall response rate of only 14% [14].

Ifosfamide has been shown to have significant activity against synovial cell sar-
coma. With the availability of mesna, it is much safer to use, but it still has dose-
limiting myelosuppression, renal, and Central Nervous System (CNS) toxicity. 
Vigorous hydration with electrolytes and bicarbonate/acetate must be utilized to 
prevent severe metabolic acidosis and to reduce the risk of significant neurotoxicity. 
Central nervous system toxicity usually presents as a metabolic encephalopathy that 
may include confusion, blurred vision, mutism, auditory or visual paranoid halluci-
nations, seizures, and rarely, coma. The exact mechanism for this toxicity is not 
known, but it may be related to the accumulation of chloroacetaldehyde, one of 
ifosfamide’s metabolites. Patients who are particularly prone to renal and CNS tox-
icity include those with a poor performance status, low serum albumin level (< 3 
gm/dL), renal dysfunction (as indicated by a prior nephrectomy, clinical or subclini-
cal renal tubular dysfunction, or previous treatment with cisplatinum), and bulky 
pelvic disease, as well as those over the age of 65 [15].

Neurotoxicity is usually self-limited. Methylene blue (50 mg IV) and diazepam 
(5 mg IV) have been reported to reverse the encephalopathy; however, methylene 
blue should not be given to patients who are glucose-6-phosphate dehydrogenase 
(G6PD) deficient. Both agents can be given prophylactically in subsequent cycles to 
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prevent neurotoxicity (i.e., methylene blue 65  mg tablets four times per day). 
Hematologic toxicity in terms of myelosuppression has been lessened using the 
hematopoietic growth factors G- or GM-CSF, but patients still can develop dose-
limiting thrombocytopenia [15–17].

Dacarbazine (DTIC) has also been used extensively for soft tissue sarcomas, but 
it has a response rate under 20% as a single agent. Emesis, a major side effect, can 
be reduced when the drug is given as a continuous IV infusion. A similar oral for-
mulation, with similar efficacy, temozolomide (undergoes conversion to 3-methyl-
(triazen-1-yl) imidazole-4-carboxamide {MTIC}), has also been developed [18]. Of 
note, it has shown specific activity against non-gastrointestinal leiomyosarcoma. 
Administering this at night and utilizing a daily low-dose scheme (75 mg/m2 by 
mouth) reduce the incidence of emesis and enhance tolerability.

12.2.2	 �Combination Therapy in the Treatment of Advanced 
Disease

Given the modest results of single-agent chemotherapy in the treatment of soft 
tissue sarcomas, several combination chemotherapy regimens have been explored. 
There is still controversy as to whether single-agent doxorubicin or a multiagent 
regimen that includes doxorubicin is better for the treatment of advanced disease. 
Based on its activity in refractory and relapsed soft tissue sarcoma, ifosfamide 
with mesna has been studied in combination with doxorubicin.

Patel and colleagues at MD Anderson Cancer Center (MDACC) escalated the 
doses of doxorubicin and ifosfamide and have reported the highest observed 
response rates for STS. They conducted two pilot studies to evaluate the feasibility 
and activity of doxorubicin at either 75 or 90 mg/m2 combined with ifosfamide at 10 
g/m2 (2 g/m2 for 5 days), with G-CSF support. The overall objective response rate 
in 79 evaluable patients was 65%. There was no further benefit in response in the 
higher doxorubicin dose arm, but about 50% of patients experienced grade 3–4 
thrombocytopenia within the first two cycles and virtually all patients by cycle 
three. This higher dose therapy is felt to be feasible only for selected patients (i.e., 
age less than 65, ECOG performance status 0–1, no prior chemotherapy, and radia-
tion therapy to less than 20% of the bone marrow) [19].

To try to conclusively answer the question of whether the combination of doxo-
rubicin plus ifosfamide produces superior outcomes, the EORTC performed a ran-
domized phase III study of doxorubicin 75 mg/m2 and ifosfamide 10 g/m2 over 4 
days with growth factor support vs. doxorubicin 75 mg/m2 alone. There was no 
significant difference in overall survival (median 12.8 vs. 14.3 months, HR = 0.83, 
p = 0.076). However, median progression-free survival was significantly longer for 
the combination (7.4 vs. 4.6 months, HR = 0.74, p = 0.003), and the objective 
response rate (ORR) was doubled (26 vs. 14%, p < 0.006) [20]. Not surprisingly, 
toxicity was substantially higher for the combination. Thus, it was concluded that 
doxorubicin remains the standard first-line chemotherapy for most patients with 
advanced soft tissue sarcomas. However, in young (<65 years), good performance 
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status patients with symptomatic and/or small-volume disease where a response 
may render the tumor resectable and the patient disease-free, the use of the combi-
nation therapy should be considered and discussed with the patient due to the 
expected higher response rate.

An improved response rate may be more clinically important in the neoadjuvant 
setting for young, good performance status patients with a high-grade, borderline 
resectable lesion or for patients with pulmonary metastases who are borderline 
candidates for metastasectomy. A significant response could facilitate subsequent 
surgery and/or radiation therapy, and render the patient disease-free. For palliation, 
particularly in older or poor performance status patients, and in those with low- to 
intermediate-grade tumors, doxorubicin or doxorubicin/DTIC regimens seem pref-
erable. Toxicity can be reduced by giving this regimen as a continuous IV infusion.

Although early studies suggested a very low response rate in soft tissue sarcomas 
for gemcitabine, the MD Anderson group described a higher response rate, confirm-
ing the importance for timed delivery of gemcitabine, i.e., rate of 10 mg/m2/min. 
Hensley et al. combined gemcitabine (900 mg/m2) as a 90-min intravenous infusion 
on days 1 and 8 with docetaxel, 100 mg/m2 intravenous on day 8, and granulocyte 
growth factor support in patients with leiomyosarcoma [21].

After others confirmed activity in different sarcomas, the SARC group performed 
a randomized study comparing single-agent equimyelosuppressive doses and timed 
infusion of gemcitabine vs. gemcitabine/docetaxel. A Bayesian adaptive random-
ization design was used. Results reported by Maki et al. showed a statistically sig-
nificant benefit for the combination in terms of response rate and progression-free 
survival [22]. Overall responses were seen more often in leiomyosarcoma, undif-
ferentiated pleomorphic sarcoma/malignant fibrous histiocytoma, and angiosar-
coma. Based on this study and others, some have utilized this combination regimen 
as first-line treatment instead of a doxorubicin-containing regimen [23]. However, a 
recent prospective phase III GEDDIS study compared the doublet of gemcitabine/
docetaxel vs. doxorubicin as a first-line treatment in 257 patients with advanced 
unresectable or metastatic STS [24]. Patients were stratified by tumor histiotype 
(uterine LMS, synovial sarcoma, pleomorphic sarcoma, other). There was no differ-
ence in progression-free relapse at 24 weeks (46.1 vs. 46.0%) or median overall 
survival (71 vs. 63 weeks). In a planned subgroup analysis, there was no evidence 
of benefit for leiomyosarcoma vs. non-leiomyosarcoma (p = 0.326) or uterine vs. 
non-uterine leiomyosarcoma (p = 0.38). In addition, gemcitabine/docetaxel was 
found to have more toxicity. This study further confirmed that single-agent doxoru-
bicin should remain the standard of care for most patients with advanced unresect-
able or metastatic soft tissue sarcoma.

Although frontline chemotherapy for STS has been a doxorubicin +/− ifosfamide-
containing regimen for many years, there is increasing evidence suggesting that 
tailoring chemotherapy choices based upon specific sarcoma histiotypes is benefi-
cial due to different response profiles to a range of drugs. Other single agents that 
have been found to be more specific to certain tumor subtypes include paclitaxel 
[25, 26]  and other taxanes for angiosarcoma [27–29], irinotecan for small cell sar-
comas, and dacarbazine (or temozolomide) for leiomyosarcoma [30].
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12.2.3	 �Newer Approved Drugs for Soft Tissue Sarcoma

Pazopanib is a multitargeted, orally-active inhibitor of several tyrosine kinases 
(TKIs), including vascular endothelial growth factor receptor (VEGFR). The 
European Organisation for Research and Treatment of Cancer (EORTC) performed 
a worldwide, randomized, double-blind phase III study (PALETTE trial) comparing 
800 mg pazopanib vs. placebo in 369 patients with a variety of sarcoma subtypes 
(but excluding adipocytic sarcomas based on previous phase II data) whose disease 
had progressed during or after first-line chemotherapy (including an anthracycline) 
[31, 32]. Median progression-free survival was found to be significantly higher in 
the pazopanib arm (4.6 vs. 1.6 months, HR 0.31, p < 0.0001), and benefit was seen 
across all histologic subtypes. Partial responses were 6 vs. 0%, and stable disease 
was 67 vs. 38%. There was no significant difference in overall survival (12.5 vs. 
10.7 months HR 0.86). The most common grade III/IV treatment-related toxicities 
included fatigue, hypertension, anorexia, diarrhea, and a transient elevation of liver 
function tests. There was also an increased drop in left ventricular ejection fraction, 
venous thromboembolism, and pneumothorax seen in the pazopanib group. Based 
on these results, pazopanib was approved by the FDA in April 2012 for treatment of 
patients with advanced STS (excluding adipocytic sarcomas). Close monitoring is 
recommended during the first 9 weeks because of the small risk of fatal hepatotoxic-
ity,  and concomitant use of drugs that raise the gastric pH are to be avoided (proton 
pump inhibitors and histamine H2 receptor antagonists) since an elevated gastric pH 
may decrease bioavailability.

Trabectedin, originally isolated from a Caribbean sea sponge (but now synthe-
sized), has been shown to be an active agent for patients with advanced leiomyosar-
coma and myxoid/round cell liposarcoma and has been available in the European 
Union and other countries for more than 5 years [33]. It appears to cause apoptosis 
by poisoning the DNA nucleotide excision repair machinery. This drug was recently 
approved in the United States, based on the results of a phase III multicenter trial 
[34] of trabectedin (1.5 mg/m2 over 24 h) vs. dacarbazine, (1000 mg/m2), both given 
every 3 weeks [35–37]. While the primary endpoint median overall survival was not 
significantly different (12.4 vs. 12.9 months), there was a significant improvement 
seen in progression-free survival (median 4.2 vs. 1.5 months, HR 0.56, p < 0.0001) 
and in overall clinical benefit (34 vs. 19%). Significant benefit was seen for both 
uterine and non-uterine leiomyosarcomas and in the myxoid/round cell liposarcoma 
group as well. The most common grade III/IV toxicities were neutropenia, throm-
bocytopenia, anemia, and elevation of hepatic enzymes. Trabectedin carries a risk 
of severe and fatal neutropenic sepsis, rhabdomyolysis, hepatotoxicity, extravasa-
tion soft tissue necrosis, and heart failure. Pretreatment with intravenous dexameth-
asone is recommended to ameliorate the hepatotoxicity [38]. Patients most at risk 
for life threatening toxicity are those with liver function tests that show an obstruc-
tive pattern with elevation of alkaline phosphatase.

Eribulin, previously approved for breast cancer, inhibits microtubules through a 
distinct mechanism separate from other microtubule agents (e.g., taxanes, vinca 
alkaloids). A recent multicenter phase III trial of eribulin (1.4 mg/m2 Days 1 and 8) 
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vs. dacarbazine (850–1200 mg/m2), both administered every 3 weeks, led to its 
recent FDA approval for liposarcoma with a similar median progression-free sur-
vival, but a median overall survival benefit of 15.6 vs. 8.4 months (HR 0.77, p = 
0.017) [39, 40].

Most recently, the safety and efficacy of olaratumab (platelet-derived growth fac-
tor receptor-alpha blocking antibody) were evaluated [41] in a randomized phase II 
clinical trial of 133 patients with multiple subtypes of metastatic soft tissue  
sarcoma; patients received either olaratumab (OLA) and doxorubicin (DOX) or 
doxorubicin alone. The objective response rate for combined OLA + DOX was 18.2 
vs. 7.5% for DOX alone; median progression-free survival was 8.2 months for the 
combination and 4.4 months for DOX alone (HR 0.74). However, there was a highly 
significant benefit in median overall survival, 26.5 months for OLA + DOX com-
pared to 14.7 months for DOX alone (HR 0.46, p = 0.0003). Although the propor-
tion of some DOX associated toxicities were higher for the OLA arm (neutropenia 
and mucositis), this did not result in a higher rate of febrile neutropenia, infections, 
hospital admissions, or treatment-related mortality. There was also no significant 
difference in cardiac toxicity. The number of infusion-related reactions with olara-
tumab was 13% (8/64 patients), but this led to its discontinuation in only two 
patients (3%). The overall percentage of patients who discontinued treatment related 
to an adverse event was lower for the combined group (13%, 8/64) than in the DOX 
alone group (18%, 12/65). Based on the striking improvement in median overall 
survival (11.8 months) with an acceptable safety profile, olaratumab with doxorubi-
cin was granted accelerated FDA approval [42]. Pending its use in more patients 
with metastatic soft tissue sarcomas (i.e., larger phase III trial), this will probably 
lead to a potential paradigm shift in the standard of care of treatment for many 
patients with metastatic STS [41, 42].

12.2.4	 �Other Molecular Targeted Drugs

Based on the success of molecular targeted therapy for GIST, other driver targets 
and inhibitors have been found for several rare sarcomas. Imatinib is now approved 
for dermatofibrosarcoma protuberans (DFSP), where there is a characteristic 
t(17;22) translocation in which the co1A1 gene is juxtaposed to platelet-derived 
growth factor gene (PDGF), leading to upregulation of the PDGF receptor [43, 44]. 
Both sunitinib and cediranib have been shown to have activity against alveolar soft 
part sarcoma (ASPS), a highly vascular but inherently chemoresistant sarcoma [45, 
46]. Solitary fibrous tumor/hemangiopericytoma (SFT/HPC) is another rare, slow-
growing vascular tumor where it has been shown that several antiangiogenic agents 
have durable activity (i.e., bevacizumab with DTIC or temozolomide, sorafenib, 
and sunitinib) [47–49]. An extremely rare tumor, perivascular epithelioid cell 
tumors (PEComas), in which the mTOR signaling pathway is activated, appears to 
respond to sirolimus (an mTOR inhibitor) [50]. Crizotinib has been shown to have 
activity in inflammatory myofibroblastic tumor (IMFT) in which rearrangements of 
the anaplastic lymphoma kinase (ALK) gene occur in 50% of patients [51, 52]. 
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Table 12.1 lists several rare soft tissue sarcomas and their corresponding targeted 
therapy.

Early findings of activity in these rare sarcoma subsets are encouraging. However, 
despite these hopeful successes, further work is needed for the more common sar-
comas. Unfortunately, these are often associated with multiple and different molec-
ular abnormalities, where specific molecular targets have not yet been identified. 
Even when a known molecular target is identified, the response to targeted therapy 
is often short-lived, likely due to the development of resistance from activation of 
other cellular pathways. Future efforts to harness immune therapy, either alone or 
combined with targeted molecular therapy, will hopefully overcome such resistance 
and lead to more sustained responses.

12.2.5	 �Adjuvant Chemotherapy

Although the role of adjuvant chemotherapy is well established in the treatment of 
several sarcomas that occur predominantly in children (i.e., rhabdomyosarcoma, 
osteosarcoma, and Ewing’s sarcoma), as well as in GIST, its use in patients with a 
high risk of recurrence of adult-type soft tissue sarcomas (e.g., liposarcoma, leio-
myosarcoma, synovial sarcoma, etc.) remains controversial and unresolved. 
Published articles range from retrospective reviews of outcome at single institu-
tions, to prospective nonrandomized studies, to formal randomized trials.

Most of these studies have enrolled too few patients (less than 100), have used 
different patient inclusion criteria, and/or have had an imbalance between the two 
arms with respect to pathologic grade, histologic subtype, and anatomic site or uti-
lized different drugs, doses, and schedules (some with suboptimal doses and/or a 
delayed start). Several have an extremely short follow-up period, while others 
included patients with good risk factors (i.e., small, less than 5 cm and low-grade 
tumors). For these reasons, it is hard to draw definitive conclusions on the benefit of 
adjuvant chemotherapy.

Resection of pulmonary metastases and the use of preoperative chemotherapy 
may also affect overall survival. Furthermore, it is difficult to detect small but 

Table 12.1  Molecular 
targeted therapies for specific 
rare soft tissue sarcomas

Soft Tissue Sarcoma Targeted therapy

DFSP Imatinib

ASPS Cediranib

Sunitinib

SFT/HPC Bevacizumab/temozolomide

Sorafenib

Sunitinib

PEComas Sirolimus

IMFT Crizotinib
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potentially clinically important differences in survival, when only moderately effec-
tive chemotherapy regimens are used. Several single-arm studies show adjuvant 
chemotherapy to be beneficial when compared with historical controls; however, in 
nearly all prospective randomized trials with an observation arm, there is no differ-
ence in overall survival. Both the treated and observation (control) arms do better 
than previous historical controls. Most studies show a trend toward longer disease-
free survival but no significant increase in overall survival.

Tierney et al. of the MRC Cancer Trials Office and the Sarcoma Meta-analysis 
Collaboration published an individual patient data meta-analysis (IPD-MA) of 
updated outcomes of 1568 patients from 14 randomized trials of doxorubicin-based 
adjuvant chemotherapy vs. observation control [53]. The median follow-up period 
was 9.4 years. Soft tissue sarcomas of all sites, sizes, grades, and histologies were 
included. Only 59% of the histologic subtypes and 25% of the grading had been 
reviewed at the time of its publication. This IPD-MA showed a significant improve-
ment for adjuvant chemotherapy with respect to time to recurrence (local and dis-
tant) and disease-free survival but only a trend for benefit in overall survival. 
However, in the subset of patients with extremity soft tissue sarcoma (n = 886), 
there was a significant (7%) absolute benefit in overall survival at 10 years (p = 
0.029). Caution must be taken in interpreting the survival benefit as extremity STS 
was not included as part of the initial randomization and analysis, and there can be 
inherent dangers in the later evaluation of patient subsets [53]. Additionally, this 
early IPD meta-analysis is not fully relevant for present medical practice, since it 
did not include adjuvant studies containing ifosfamide or use hematopoietic growth 
factors to maintain dose intensity.

Frustaci et al. reported on the Italian Cooperative Soft Tissue Sarcoma Group’s 
randomized adjuvant trial of 104 patients with high-risk (i.e., high-grade, deep, and 
greater than 5 cm) extremity soft tissue sarcomas utilizing high doses of epirubicin 
and ifosfamide with G-CSF support. At a median follow-up of 24 months (range, 
5–57 months), there was a significant difference in favor of the chemotherapy arm 
for both disease-free (p = 0.001) and overall (p = 0.005) survival [54]. At interim 
analysis, after only half of the planned number of patients had been randomized, the 
investigators decided to stop accrual, even though follow-up was short. No evalua-
tion of toxicity was reported. Unfortunately, with further follow-up, the benefit in 
overall survival was lost [55].

A larger 351-patient randomized EORTC 62931 trial of five cycles of doxorubicin 
(75 mg/m2) and ifosfamide (5 g/m2) plus lenograstim (GM-CSF) showed no benefit 
in relapse-free survival or overall survival vs. placebo [56]. This has been criticized 
for using a lower ifosfamide dose (5 g/m2 instead of 9 g/m2) than was utilized in the 
Frustaci study and for having 24% of patients with tumors <5 cm in size.

A later updated meta-analysis of randomized trials (including 2145 patients) [57], 
added to the previous IPDM  reported by Tierney, also suggested that there was a 
small but appreciable benefit for patients receiving adjuvant chemotherapy (HR 0.86, 
p = 0.02). Unfortunately, the confidence intervals are too wide to draw any definitive 
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conclusions. An updated individual patient data meta-analysis would more reliably 
allow for the exact determination of benefit of adjuvant chemotherapy.

Since the survival of patients with high-grade extremity soft tissue sarcomas is 
already 50–70% at several centers, it will be increasingly difficult to show a statisti-
cally significant difference in randomized adjuvant trials [58]. More patients will be 
needed to show small differences in survival, a challenging proposition for such a 
rare disease. Patients with low-grade sarcomas should not be given adjuvant chemo-
therapy because of their inherently low rate of metastatic spread and excellent prog-
nosis. In addition, small (less than 5 cm), superficial, high-grade primary extremity 
sarcomas should not be included in chemotherapy trials, since studies also suggest 
that these patients have an excellent survival. Despite their limitations, the IPD-MA, 
the Italian study, and the updated meta-analysis all suggest that adjuvant chemo-
therapy may be beneficial for select patients with extremity soft tissue sarcoma. 
Future randomized trials should include only patients at high-risk for metastases 
(i.e., large, high-grade, deep-seated tumors and a good performance status) with a 
reasonable likelihood of local control (radical resection or resection with uninvolved 
margins and radiotherapy) [59]. The recent National Comprehensive Cancer 
Network (NCCN) Practice Guidelines recommend considering adjuvant chemo-
therapy with an aggressively dosed ifosfamide/doxorubicin regimen for patients 
with AJCC Stage IIB or III extremity sarcomas who have undergone optimal resec-
tion, with or without radiation therapy [60].

Our present approach is to consider adjuvant chemotherapy for patients on an 
individual basis, based upon the patient’s performance status, comorbid medi-
cal problems, age (usually under 65), tumor location and size, histologic subtype 
(chemosensitive), and grade. For many years, we have utilized an every 3-week 
AIM regimen, consisting of doxorubicin (75 mg/m2) given as a continuous IV infu-
sion through a double lumen central venous catheter with ifosfamide (2.25 g/m2/ 
day) given intravenously over 3 h for 4 days (total 9 g/m2), with pegylated G-CSF 
support afterwards.

12.2.6	 �Neoadjuvant Chemotherapy

Neoadjuvant (also referred to as induction or preoperative) chemotherapy for soft 
tissue sarcomas of the extremities evolved as a result of studies initially performed 
for osteogenic sarcoma. Routes of administration have included IV bolus, continu-
ous IV infusion, and intra-arterial regional therapy, with or without concomitant 
radiation therapy, and have also included isolated limb perfusion. Neoadjuvant ther-
apy has primarily been utilized for patients with large primary or recurrent sarco-
mas, usually with the goal of permitting a limb-sparing operation in patients in 
whom amputation may otherwise have been necessary or for converting a margin-
ally resectable tumor to one that can be adequately resected with preservation of 
extremity function. Other theoretical advantages include early treatment of micro-
metastases, an in  vivo assessment of the effectiveness of the chemotherapy, and 

D.A. Priebat



233

improved patient survival. Although initial local tumor control and limb salvage 
rates appear very good, most studies have enrolled only small numbers of patients 
and have short follow-up. Therefore, the effect of neoadjuvant therapy on disease-
free and overall survival rates is not fully known. There have been no prospective 
phase III randomized trials comparing preoperative and postoperative chemother-
apy for patients with soft tissue sarcoma. Nevertheless, patients with large, deep-
seated, high-grade lesions of the extremities are a high-risk group that is an optimal 
target population for investigating the effectiveness of multimodality treatment 
strategies.

A randomized phase II EORTC study (62874) randomizing 150 patients to either 
three cycles of neoadjuvant doxorubicin at 50 mg/m2 and ifosfamide at 5 g/m2 vs. 
surgery alone failed to show a survival benefit for the chemotherapy arm [61]. This 
trial suffered from slow accrual and was stopped early, before expansion into a 
phase III study. The low-dose intensity of both drugs may have contributed to this 
negative result (5-year disease-free survival 56 vs. 52%, p = NS).

When induction therapy is being considered for a patient with a large, high-
grade, extremity sarcoma, radiotherapy alone or with concomitant sequential che-
motherapy may also be utilized. Preoperative radiation therapy is usually associated 
with a higher rate of wound complications, while late tissue fibrosis is seen with 
postoperative adjuvant radiation therapy [62–64].

Hyperthermic isolated limb perfusion with melphalan and tumor necrosis factor 
(TNF) has been used at a limited number of centers in patients with large soft tissue 
extremity sarcomas that are close to bone, nerve, and/or blood vessels and in whom 
amputation would otherwise be necessary. A high limb salvage rate (> 80%) has 
been reported [65]. Nevertheless, this is a localized treatment when used alone, and 
there has been no control of or reduction in the recurrence of systemic disease, with 
patients dying from distant metastases. Further impeding study of this modality is 
the fact that TNF is not available in the United States.

Chemotherapy with regional hyperthermia (RHT) has also been utilized. The 
pleotropic effects of heat on the malignant cells and tumor stroma are felt to reduce 
tumor growth and progression, and heat stress-induced mechanisms may play a role 
in the initiation of antitumor immunity. An updated analysis of an EORTC-ESHO 
Intergroup randomized phase III trial of RHT combined with neoadjuvant chemo-
therapy vs. neoadjuvant chemotherapy alone showed a significantly improved long-
term overall survival for the RHT chemotherapy arm [66].

In general, neoadjuvant chemotherapy for large, high-grade soft tissue sarcomas 
of the extremities is feasible and associated with good local control and survival. 
Limb-sparing surgery is often possible for most of these patients. More aggressive 
regimens appear to reduce local recurrence and result in a high complete pathologic 
response rate. The best regimen, in terms of specific drugs or drug/radiation 
sequence, is not known at this time; also unknown is whether radiation therapy is 
necessary for all patients. However, neoadjuvant chemotherapy should be consid-
ered for patients who have traditionally been thought to be at high risk for local 
recurrence (i.e., patients with large, deep-seated, high-grade, extremity sarcomas 
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and a good performance status). We believe that amputation should rarely be per-
formed for large, high-grade extremity soft tissue sarcomas without first consider-
ing a trial of neoadjuvant therapy.

We utilize the same AIM regimen as previously mentioned in the adjuvant che-
motherapy section. NCCN guidelines suggest that preoperative radiation therapy 
alone, preoperative chemotherapy (with postoperative adjuvant radiation therapy), 
and preoperative chemoradiotherapy are all acceptable options [60]. In Europe, 
there is also the availability of neoadjuvant chemotherapy combined with regional 
hyperthermia. It is recommended that these patients be managed at a center with 
multidisciplinary expertise [67].

12.3	 �Bone Sarcomas

Sarcomas of the bone are typically classified by the type of matrix produced by the 
tumor; osteosarcomas are bone-producing tumors, chondrosarcomas produce carti-
lage, and fibrosarcomas have a fibrous matrix (a notable exception is Ewing’s sar-
coma). Although the incidence of bone sarcoma is much lower  than that for soft 
tissue sarcoma, the role and value of chemotherapy in the treatment of bone sar-
coma have been better studied and established compared to STS.

12.3.1	 �Osteosarcoma

Although osteosarcoma is a rare tumor, it is the most common malignant tumor of 
bone in adolescents and young adults. Approximately 900 new cases occur each 
year in the United States. It is more prevalent in males and has a strong predilection 
for the distal femur, proximal tibia, and proximal humerus. About 80% of patients 
have localized disease at the time of diagnosis. The most common sites of metasta-
sis are the lung and other bones.

Prior to 1970, the primary treatment of nonmetastatic osteosarcoma of the 
extremities consisted of surgical removal (usually amputation) and/or high-dose 
radiation therapy of the primary tumor. The 5-year disease-free survival rate was no 
more than 20%; lung metastases were the most common reason for treatment fail-
ures, even after radical amputation. Early investigations of chemotherapy for osteo-
sarcoma were unrewarding, and it was considered a chemoresistant tumor.

By the early 1970s, and continuing through the 1980s, reports began to emerge of 
effective drugs for the treatment of osteosarcoma, i.e., doxorubicin, high-dose meth-
otrexate with calcium leucovorin rescue, cisplatinum, and later ifosfamide. It was 
demonstrated that these agents could eradicate overt metastatic disease and improve 
disease-free survival, and they have since been incorporated into modern chemo-
therapy regimens in varying combinations. The major advances made over the past 
several decades in the treatment of osteosarcoma are a consequence of the develop-
ment of effective chemotherapy. The introduction of these agents into multidisci-
plinary treatment strategies has allowed for more conservative and limb-sparing 
procedures to be performed and has resulted in improved overall patient survival.
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12.3.1.1  �Chemotherapy Development
There has been a wide variation in reported response rates to methotrexate (e.g., 
0–80%), leading several investigators to question its effectiveness. The activity of 
methotrexate appears to be dose dependent, given that dose escalation has been 
associated with responses in patients previously unresponsive to lower doses [68]. 
It has the significant advantage of being nonmyelosuppressive, but it is expensive 
and needs to be used with care and appropriate monitoring, especially in older 
patients. It should only be considered for children, adolescents, and adults under age 
40. Rosen and others believed the variable response rates reported with methotrex-
ate were directly related to improper drug administration [69, 70]. Several studies 
have shown that for methotrexate to be effective in osteosarcoma, one must achieve 
a minimum peak serum concentration of greater than 1000 μmol (10−3 M) at the 
completion of a 4-h infusion (700 μmol after a 6-h infusion) [71]. To attain these 
drug levels, it is necessary to give a dose of at least 8–12 g/m2. Furthermore, exces-
sive amounts of intravenous hydration should not be administered during the first 24 
h, to limit urine output to less than 1400 cc/m2.

There also appears to be a steep dose-response rate for doxorubicin; i.e., doses 
≥70 mg/m2 have more activity than lower doses. Whether carboplatinum can be 
substituted for cisplatinum is still controversial. Carboplatinum has reduced renal 
and ototoxicity but produces more myelosuppression (including thrombocytopenia) 
and may be less active than cisplatinum. Initial reports indicated that the combina-
tion of bleomycin, cyclophosphamide, and dactinomycin (BCD) was effective in 
the treatment of metastatic disease, and in several early preoperative studies, this 
regimen was given with other known active agents. However, subsequent studies 
failed to confirm the activity of BCD when given alone, consequently it is not 
included in most modern chemotherapy regimens.

Ifosfamide appears to have significant activity for the treatment of both primary 
and recurrent osteosarcoma. It also has a clear dose-dependent response curve (with 
responses occurring at doses of 12–18 g/m2 in patients who had failed with previous 
doses below 10 g/m2). It has been given alone, or in a lower dose in combination 
with etoposide [72, 73].

How to best combine these known active drugs is still unknown, and there is still 
debate over what constitutes optimum chemotherapy. While most institutions uti-
lize an intensive multiagent regimen, some have questioned the merits of prolonged 
and complicated schemes over regimens that include fewer drugs given over a 
shorter time frame.

A study by the European Osteosarcoma Intergroup (EOI) explored whether the 
intensive use of two active agents, cisplatinum and doxorubicin, administered in six 
cycles over 18 weeks, is better than a more complex, multiagent-modified Memorial 
Sloan Kettering Cancer Center (MSKCC) T10-like regimen given over 44 weeks 
[74, 75]. There was poor patient compliance and a reduction in dose intensity with 
the multidrug regimen. The shorter, two-drug combination was found to have equiv-
alent survival outcomes to that observed with the modified T10 program, the 5-year 
progression-free and overall survival rates for both groups being only 44 and 55%, 
respectively. Unfortunately, these results are somewhat lower than that achieved in 
other previous studies.
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12.3.1.2  �Adjuvant Chemotherapy
Once chemotherapy had been found to be effective against metastatic disease, 
investigations were initiated to determine the efficacy of these agents in destroying 
micrometastases, which are thought to be present in most patients at the time of 
initial primary surgery (i.e., adjuvant or postoperative chemotherapy). In 1286 
patients collected from the world literature between 1946 and 1971 (prechemo-
therapy era), there was a 5-year mean survival rate of 19.7% (range 16–23%) 
[76, 77]. Eighty percent of patients developed metastases despite amputation, sug-
gesting the presence of micrometastatic disease in most cases.

In the 1970s, early uncontrolled adjuvant trials of single and multiagent chemo-
therapy regimens documented relapse-free survival rates of 35–60%. However, the 
contribution of adjuvant chemotherapy was then questioned by researchers from the 
Mayo Clinic, where the outcome with surgery alone was found to be improved 
(13% disease-free survival for patients treated in the 1960s compared with 42% for 
patients in the 1970s) [78, 79]. A randomized adjuvant chemotherapy trial at the 
Mayo Clinic of moderate-dose methotrexate (considered inadequate by today’s 
standards) vs. surgery alone indicated no benefit for adjuvant chemotherapy. The 
relapse-free survival of the surgery-alone group was 44%, more than twice what 
was expected based on the historical experience.

The exact role of adjuvant chemotherapy was heatedly debated. Some felt that 
an increased survival for osteosarcoma patients had occurred over time, due to 
diagnostic advances in staging, earlier detection of metastases, and improvements 
in surgical techniques and supportive care. Two subsequent prospective random-
ized trials conducted by the Multi-Institutional Osteosarcoma Study (MIOS) 
Group and the UCLA group resolved this controversy when they confirmed the 
significant favorable impact of adjuvant chemotherapy on outcome. They also 
corroborated the poor prognosis for patients treated with surgery alone (Table 12.2) 
[80–82].

Adjuvant chemotherapy has been shown to reduce the number of pulmonary 
metastases and to delay their appearance, thus possibly facilitating surgical removal. 
Interestingly, it has also changed the natural history of this neoplasm; more patients 
develop extrapulmonary metastases (e.g., to the skin, brain, and/or heart). Most tri-
als of adjuvant chemotherapy now report event-free survival rates of 45–65%. Even 
with the increased use of preoperative chemotherapy to induce tumor necrosis, 
intensive additional adjuvant chemotherapy is still believed to be needed for optimal 
results.

12.3.1.3	 �Induction Chemotherapy
Simultaneous advances with chemotherapy and improved techniques of primary 
surgical resection have reduced the need for amputation. New limb-sparing proce-
dures often required that surgery be delayed 2–3 months for the manufacture of a 
custom-made endoprosthesis. In the mid-1970s, Rosen et al. at MSKCC designed a 
strategy to use induction (neoadjuvant) chemotherapy to treat patients who were 
awaiting manufacture of their prosthesis in an effort to prevent progression of their 
disease during this time [83].
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The induction therapy approach had other potential benefits as well. It was felt to 
be an early defense against the possible presence of pulmonary metastases and had 
the theoretical advantage of being able to reduce the emergence of drug-resistant 
tumor cells. It was also thought to help downstage a tumor by reducing the size of 
any accompanying soft tissue mass and forming a surrounding reactive rim that 
would confine the tumor within a calcified periosteum. These effects could possibly 
lead to better tumor demarcation and permit successful tumor removal with a limb-
sparing resection. In addition, it provided an opportunity to test chemotherapy sen-
sitivity in vivo based on the initial histologic response, which could then be used to 
customize or tailor adjuvant chemotherapy.

When intensive multiagent regimens were used, induction chemotherapy tri-
als have often produced better relapse-free survival rates (42–82%) than those 
reported for patients undergoing immediate surgery followed by adjuvant che-
motherapy [84–92]. Most modern induction protocols include a multidrug regi-
men, given for 6–18 weeks, followed by resection of the primary tumor, and 
then by 3–6 months of adjuvant IV chemotherapy. Drugs used in these regimens 
include cisplatinum and doxorubicin with or without high-dose methotrexate. 
Patients need to be followed closely, since a small number may be completely 

Table 12.2  Osteogenic sarcoma—randomized adjuvant chemotherapy studies

Adjuvant chemo. vs. observation Patients, n RFS, % OS, %

MAYO [79]

HDMTX+VCR 38 40

P = NS

vs. No adjuvant therapy 44

MIOS [82] 6 years

BCD+HDMTX ADRIA+CDDP 36 random 63 71

165 nonrandom

P = 0.001 P = 0.04

vs. No adjuvant therapy 12 48

UCLA [80] 2 years

BCD+HDMTX+VCR+ADRIA (+intra-
arterial ADRIA+XRT)

59 55 80

P = 0.004 P = 0.04

vs. No adjuvant therapy 20 48

Neoadjuvant vs. adjuvant POG#8651 [86]

Chemotherapy 5-year survival

DFS OS

Neoadjuvant 63.2 79.7

P = 0.60 P = 0.41

Adjuvant 65.5 75.3

RFS relapse free survival, OS overall survival, NS not significant, HDMTX high-dose methotrex-
ate, VCR vincristine, BCD bleomycin, cytoxan, dactinomycin-D, ADRIA adriamycin, CDDP cis-
platinum, XRT radiation therapy

Adapted from data tables published in Priebat et al. 1992 [84, 167]
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insensitive to induction chemotherapy and the tumor may continue to progress 
while on treatment. These patients need to be identified early so that they can be 
either switched to another chemotherapeutic regimen or have immediate surgi-
cal resection.

In conjunction with improvements in surgical technique and prosthetic devices, 
there was growing enthusiasm for limb-sparing surgery by orthopedic surgeons, 
which led to the more frequent use of induction chemotherapy. However, there were 
concerns about the development of resistant cells and/or an increase in growth of 
micrometastatic disease during treatment. The Pediatric Oncology Group (POG 
8651) performed a randomized trial of induction vs. adjuvant chemotherapy in 100 
patients under age 30 with nonmetastatic high-grade osteosarcoma [86]. Patients 
were randomized to immediate surgery or to presurgical treatment with two cycles 
(10-week duration) of high-dose methotrexate, cisplatinum, and doxorubicin. 
Except for timing, postsurgical chemotherapy (methotrexate, cisplatinum, doxoru-
bicin, and BCD), given over 44 weeks, was the same in both arms.

The survival rate for the group receiving induction chemotherapy was no better 
than that of the adjuvant chemotherapy-alone group (61 vs. 65%, p = 0.8), as were 
the limb salvage rates (50 vs. 55%). Poor responders in the induction arm were not 
crossed over to other agents; thus, the strategy of salvage (tailoring) therapy was not 
evaluated. The study has been criticized for the small number of patients random-
ized over a 7-year period at 37 institutions (suggesting a bias of patient selection), 
the relatively low rate of limb-sparing surgery in both groups, and the inclusion of 
BCD chemotherapy as a component of the regimen. Some have used this study as a 
reason not to give induction chemotherapy since there was no improvement in 
patient survival or limb salvage rate. However, for many others, the results suggest 
that induction chemotherapy did not compromise overall survival, as was initially 
feared, and it was felt that a more efficacious regimen would further improve the 
limb salvage rate [86].

Based on the POG study results and the input of most orthopedic oncologists, 
the use of preoperative (neoadjuvant) chemotherapy has become widely accepted 
due to the advantages of increased surgical planning time, potential of improved or 
more complete tumor removal, and the ability to assess the histologic response to 
chemotherapy.

12.3.1.4	 �Histologic Assessment of Chemotherapy Response
The response of osteosarcoma to preoperative chemotherapy may be assessed by 
clinical, laboratory, radiologic, and pathologic parameters. Clinical responses are 
noted with a decrease in pain, swelling, and heat. On laboratory analysis, there can 
be a reduction of an elevated alkaline phosphatase. With plain radiography and 
computerized tomography scan, one can see a reduction or complete disappearance 
of any associated soft tissue mass, revisualization of the fat planes between muscle 
bundles, healing of pathologic fractures, and organized deposition of calcium within 
the neoplastic bone (calcified periosteum). An arteriogram can offer a more objec-
tive means of assessing a tumor response, as manifest by a diminution or a 
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disappearance of tumor vascularity. Assessment by thallium three-phase scintigra-
phy or PET scan can also be helpful.

Despite the utility of these various findings, the histologic appearance of the 
resected primary tumor specimen after induction chemotherapy has emerged as the 
gold standard for evaluating and measuring a therapeutic response. Several patho-
logic grading systems for assessing the effect of induction chemotherapy have been 
developed, all of which are based on the degree of tumor cellularity and necrosis 
found within the resected specimen. Grading systems can be imprecise, subjective, 
and prone to sampling errors. Nevertheless, with careful attention to adequate and 
fastidious sectioning from many sites of the surgical specimen, a determination of 
response can be assessed which appears to correlate with patient outcome.

Most institutions now define a good pathologic response as >90% tumor necrosis 
and a poor response as ≤90% tumor necrosis. Certain subtypes, i.e., chondroblastic 
osteosarcoma, have lower reported rates of necrosis but show no difference in out-
come for good vs. poor responders. For all other subtypes, histologic response cor-
relates with patient prognosis [93–95].

12.3.1.5	 �Tailoring Adjuvant Therapy
The concept of tailoring adjuvant therapy, based on the histologic response of the 
primary tumor to induction chemotherapy, was first proposed by Rosen et al. and 
tested in the MSKCC T10 protocol [87]. This was formulated on the hypothesis that 
the responsiveness of the primary tumor to chemotherapy will predict the respon-
siveness of micrometastases. Thus, a good-responding patient receives the same 
drugs after surgery as before surgery, while the postoperative regimen of a patient 
who has responded poorly to induction chemotherapy is changed. Early results from 
the T10 protocol reported an excellent disease-free survival rate for poor-responding 
patients as well, suggesting that they could be salvaged with a modified adjuvant 
(postoperative) treatment.

The T10 protocol was a model for many trials launched in the 1980s, virtually 
all of which featured induction chemotherapy and the individualization of postop-
erative therapy based on the pathologic responsiveness of the primary tumor. 
Unfortunately, later studies from several groups, including the Children’s Cancer 
Study Group (CCSG), German-Austrian-Swiss Cooperative Osteosarcoma Study 
Group (COSS-82), and Rizzoli Institute, failed to confirm an improved prognosis 
for poor responders treated with alternative postoperative chemotherapy regimens 
[88–91]. Furthermore, an update of the MSKCC T10 protocol, reported by Meyers 
et  al. [92], indicated that Rosen’s promising preliminary results were not sus-
tained over time. With longer follow-up, the efficacy of tailored treatment was not 
demonstrated.

However, a study by Benjamin et al. from MDACC suggested that the addition 
of postoperative ifosfamide significantly improved the 5-year disease-free survival 
of poor-responding patients over that seen in their previous treatment regimens (67 
vs. 34%, respectively, p = 0.015) [96]. Other studies incorporating ifosfamide also 
documented better survival rates.
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12.3.1.6	 �Duration and Intensification of Induction Chemotherapy
There is considerable variability in the duration of induction chemotherapy. Most 
studies use an arbitrary time of 6–18 weeks with the administration of two to six 
cycles of chemotherapy. Some investigators have attempted to adjust surgical 
intervention to the time of maximal response to induction chemotherapy. Longer 
duration intensified chemotherapy regimens may be associated with a higher pro-
portion of good histologic responses; however, as the duration of induction che-
motherapy is prolonged, the value of using its effect on histologic response as a 
predictor of patient outcome may be lost. Thus, regimens of longer duration may 
result in a better histologic response which do not necessarily translate into 
improved patient survival. Meyers et al. have suggested that the rate of a good 
histologic response may be related to the duration of induction chemotherapy but 
that the duration of chemotherapy does not correlate with relapse-free overall 
survival [97].

Dose compression was evaluated by the European Osteosarcoma Intergroup 
(EOI) with chemotherapy given every 2 weeks with G-CSF support compared to 
every 3 weeks. Again, there was enhanced tumor necrosis seen, but with no survival 
advantage [98].

12.3.1.7  �Intra-arterial Chemotherapy
To improve the results of induction IV systemic chemotherapy, to further down-
stage tumors, and to augment the rate of successful limb-sparing procedures, sev-
eral investigators began to administer induction chemotherapy via the IA route 
[84]. This allows for a higher concentration of chemotherapy to be delivered to the 
primary tumor, with possible improved penetration of drug across the cell mem-
brane. Pharmacological studies have confirmed an increase in regional drug con-
centration, drug uptake, and tumor destruction when the IA route is utilized. 
Furthermore, the concentration of chemotherapy reaching the systemic circulation 
after initial intra-arterial passage has been found to be similar to that attained via 
the IV route and therefore should be enough to destroy any microscopic pulmonary 
metastases.

Jaffe et al. established the use of IA cisplatinum as a single agent for the treat-
ment of osteosarcoma in the pediatric population [99, 100]. IA cisplatinum has been 
given concurrently with different IV systemic agents. Small single-institution stud-
ies suggested that this allows for more limb-sparing procedures to be performed and 
does not substantially increase the risk of local recurrence or the development of 
metastatic disease. Such an approach has been associated with a higher tumor 
necrosis rate, perhaps making it possible to convert a marginal resection to a wide 
resection and to allow for a safer surgical procedure to be performed. Relapse or 
disease-free survival (DFS) rates for single-institution IA studies appear to be simi-
lar to those using IV induction chemotherapy.

The use of IA chemotherapy has been limited to centers with excellent angio-
graphic support and facilities. However, the cost, complexity, time commitment, 
and morbidity associated with this approach may not be justifiable. A prospective 
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randomized study from the Rizzoli Institute reported that patients who received 
induction IA cisplatinum had a significantly higher proportion of good histologic 
responses than those who received similar doses of IV cisplatinum, but there was no 
difference between the two groups in the number of limb-sparing procedures or 
survival [101].

Proof of benefit of IA induction chemotherapy will require prospective random-
ized investigation. To date, it has not appeared to make a significant difference in 
terms of disease-free and overall survival.

12.3.1.8  �Addition of Other Agents
The CCG/POG INT-0133 trial evaluated in a 2 × 2 factorial design whether the 
addition of ifosfamide and/or mifurmatide (muramyl tripeptide-phosphatidyl etha-
nolamine, MTPE) to a standard MAP regime (high-dose methotrexate, doxorubicin, 
and cisplatin) would improve outcome [102–104]. The results have been difficult to 
interpret, with an assumed interaction between the two added agents based on 
event-free survival, precluding statistical analysis. In a later follow-up publication, 
there appeared to be no interaction with a benefit in overall survival only for mifur-
matide, regardless of regimen. There is continued controversy as to whether there 
was enough statistical evidence to support the addition of mifurmatide. It has been 
approved in Europe, but not by the FDA, and is not available in the United States. 
No benefit for ifosfamide was found [105].

More recently, in an effort to perform larger-scale and statistically significant 
randomized trials for this rare tumor, a multisite, multinational, intergroup collabo-
ration was developed; i.e., the European and American Osteosarcoma Study Group 
(EURAMOS). Their first study, EURAMOS-1, was a prospective randomized trial 
to evaluate response-guided treatment modification (“tailoring”), both for good and 
poor histologic responding patients [106]. The addition of maintenance treatment 
with 2 years of pegylated interferon alpha-2b following completion of adjuvant che-
motherapy was assessed in good responding patients. While for poor responders, 
the addition of high-dose ifosfamide and etoposide to postoperative (adjuvant) che-
motherapy was evaluated [106].

For the good responder cohort, there was no significant benefit in survival with 
the addition of pegylated interferon to postoperative MAP chemotherapy when 
compared to MAP alone. Interestingly, a quarter of patients were never started on 
interferon, and 45% of patients who received interferon stopped the treatment early, 
due to the toxicity of the interferon [107]. In the poor responder group, there was no 
improvement in outcome with the addition of high-dose ifosfamide and etoposide 
when compared to continuing MAP alone [108]. However, there was an increase in 
toxicity and a higher rate of second malignancies [109].

Therefore, at the present time, there is no proven benefit of tailoring chemo-
therapy based on the pathologic response to neoadjuvant chemotherapy. 
Nonetheless, the creation of the EURAMOS group will serve as a model for further 
international collaboration with a resulting infrastructure for future joint efforts 
and trials [110–112].
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12.3.2	 �Relapsed Osteosarcoma

At present, there are few other agents with efficacy, after the aforementioned drugs, 
to be utilized for relapsed osteosarcoma. Patients with only a few pulmonary nod-
ules can benefit from an aggressive surgical approach (metastasectomy). 
Gemcitabine alone or with docetaxel has been shown to have some benefit [113]. 
High-dose chemotherapy with stem cell support has been ineffective. Sorafenib has 
been noted to have efficacy by nonstandard criteria, usually decreased activity on 
PET imaging, changes in CT tumor density, and improved clinical symptoms, but 
the responses have usually been of short duration with a 6 month PFS of only 29% 
[114]. More recently, an mTOR inhibitor was combined with sorafenib in order to 
overcome mTOR C2 resistance, resulting in a  45% 6-month PFS (thus showing 
prolonged stabilization of disease but not meeting the defined study endpoint of 
50%) [115, 116].

When evaluating new therapeutic agents in the treatment of osteosarcoma, 
Response Evaluation Criteria in Solid Tumors (RECIST) criteria may not always be 
a meaningful endpoint. Osteosarcoma does not always shrink in response to chemo-
therapy (especially if lacking a soft tissue component). This is because of the resid-
ual bone in the primary tumor and because the residual extracellular tumor matrix 
does not disappear despite tumor cell death. Patients with pulmonary metastases can 
have tumor cell necrosis but with resultant residual calcification and minimal tumor 
shrinkage. PET/CT can be helpful in assessing tumor activity as well as tumor 
extent. RECIST response can therefore be misleading and should not be solely used 
as response criteria for osteosarcoma [116].

Other agents in trial include eribulin [110, 117, 118], denosumab (RANK ligand 
antibody) [119], glembatumumab (novel antibody-auristatin conjugate) that targets 
the transmembrane glycoprotein GPNMB gene (osteoactivin) [120, 121], and an 
anti-GD2 (disialoganglioside) antibody [122].

In summary, the prognosis for patients with osteosarcoma of the extremities had 
markedly improved by the end of the twentieth century. More than two-thirds of 
patients who present with nonmetastatic disease are now cured. These advances are 
mainly due to the use of intensive multiagent chemotherapy. The impact of adjuvant 
chemotherapy is now indisputable, and it has become part of standard treatment. It 
is not clear which combination or duration schedule of chemotherapy is the best 
(among cisplatinum, doxorubicin, and high-dose methotrexate).

Limb-salvage surgery is now an accepted practice by orthopedic oncologists for 
most osteosarcoma patients. Most centers administer induction chemotherapy in 
order to enhance limb salvage opportunities, although its role in further improving 
patient survival remains uncertain. Dose intensification and/or dose compression 
has not resulted in improved survival outcomes. The benefit of tailoring adjuvant 
chemotherapy based on the histologic response of the primary tumor to induction 
chemotherapy has not been substantiated. New biomarkers are needed that can con-
clusively predict the histologic response and prognosis of patients at diagnosis, 
prior to induction chemotherapy, such that patients can be stratified into high- and 
low-risk subgroups.
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Finally, despite the enormous initial progress that has been made, we are still 
faced with limitations in the options for chemotherapy because of the small 
number of modestly active chemotherapeutic agents. There is a need for new 
drugs and strategies to treat those patients already known to have a poor prog-
nosis (e.g., chondroblastic subtype, metastases at presentation) earlier in the 
course of their treatment and for patients who recur later with metastatic 
disease.

12.3.3	 �Ewing’s Sarcoma

Ewing’s sarcoma is a rare, aggressive small cell sarcoma of the bone that may also 
arise from the soft tissues. It has a peak incidence occurring in adolescence and 
young adults. It is part of a spectrum of tumors known as the Ewing’s family of 
tumors (ESFT). Even when localized, it should be considered as a systemic dis-
ease with a high likelihood of recurrence and metastases after local treatment 
alone [124].

The treatment of Ewing’s sarcoma (ES) requires a multidisciplinary approach, 
combining risk-adapted intensified chemotherapy (neoadjuvant and adjuvant) with 
surgery and/or radiation therapy for control of both local and metastatic disease, 
requiring close coordination and communication between the treating physicians. 
Local treatment should be judiciously interposed in between and should not com-
promise or delay systemic chemotherapy. The dose and timing of chemotherapy 
are critical for improving outcome. Surgery is preferred if there is a function-pre-
serving surgical option or a lesion arising in dispensable bones. Radiation therapy 
is utilized for inadequate surgical margins or an unresectable/nonfunctional pre-
serving option because of tumor extent and/or location. This approach maximizes 
the chance of cure.

Although overall survival for patients with localized disease now approaches 
65–75%, patients with metastatic disease at clinical presentation do much worse 
with a 5-year overall survival of less than 30%. When there is isolated lung 
involvement amenable to surgical resection, it can approach 50%. Both acute and 
long-term toxicities from intensified therapy have occurred in long-term 
survivors.

Improvements in multimodality therapeutic strategies have been the result of 
several national and international group collaborations involving treatment of the 
pediatric and young adult group population. Initially, there were successive first-
line trials assessing the efficacy of vincristine, actinomycin D, cyclophospha-
mide (VAC), and doxorubicin (D). These were followed by studies involving 
alternating the VDC with ifosfamide/etoposide (IE). Then both dose intensifica-
tion and interval compression/dose density were evaluated. More recent studies 
attempted to refine treatments based on prognostic factors to further improve 
outcomes.

Fewer than 5% of ES arise in adults older than 40 years of age. There are no 
clinical trials that address treatment for adult patients with most published studies 
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excluding older individuals [123, 124]. Furthermore, adults more often have pelvic 
or extraskeletal primary disease, both of which are associated with a poor prognosis 
[125]. The treatment for adult patients with ES is guided by the general principles 
of treatment in children and adolescents [126–128].

In the 1970s, the Intergroup Ewing’s Sarcoma Study (IESS-1) combined VAC 
with doxorubicin, resulting in an improved survival for ES patients. The importance 
of doxorubicin dose intensity was established from the IESS-2 trial and eventually 
replaced actinomycin D in the VDC regimen [129, 130].

In the 1980s, the combination of ifosfamide/etoposide was found to have activity 
as a second-line treatment for ES [131]. This was then incorporated into the INT-
0091 first-line trial, alternating IE with VDC vs. VDC alone and showing a signifi-
cant benefit in survival for the alternating regimen in those patients with localized 
disease, thereby establishing this as the standard of care [132, 133].

The introduction of hematopoietic growth factors allowed for the testing of dose 
intensification of the alkylating agents contained in the alternating regimen or short-
ening the treatment interval of each treatment cycle [134]. The INT-0154 COG 
study randomized dose-intensified cyclophosphamide and ifosfamide vs. the stan-
dard dose for VDC/IE, but with the same cumulative dose given. No benefit was 
found [135]. The next COG trial AEWS0031 tested the interval compression con-
cept with VDC/IE given every 2 weeks vs. the standard cycle of every 3 weeks 
[136]. The dose dense 2-week regimen had a superior 5-year overall survival (73 vs. 
65%, p = 0.048), with no increase in toxicity. However, further subgroup evaluation 
showed that the benefit was seen only for patients 17 years of age and younger, 
establishing this dose dense regimen as the new standard of care in North America 
for patients with localized ES under 18 years of age.

High-dose chemotherapy with stem cell mobilization rescue has been utilized for 
patients with poor prognostic factors (metastases, recurrent and progressive disease, 
etc.). Several single-arm studies have suggested a benefit, but there has been no 
randomized study to definitively confirm a better outcome. Its beneficial role is 
controversial; therefore, its use has remained investigational [137–141].

The prognosis for patients with refractory or recurrent ES remains poor. To date, 
there is no standard second-line treatment. Several combinations have shown activ-
ity mostly in small studies, (i.e., topotecan/cyclophosphamide [142, 143], temo-
zolomide/irinotecan [144], and gemcitabine/docetaxel [113]).

With a better understanding of the molecular biology of ES and the critical role 
of the EWRS1 fusion oncogenes in its pathogenesis, strategies to target the fusion 
gene and/or its gene protein product have commenced, i.e., TK216 [145, 146]. 
Other approaches include the use of insulin-like growth factor receptors (IGF-IR 
monoclonal antibodies) [147–150], mTOR inhibitors, poly(ADP)-ribose poly-
merase (PARP) inhibitors, etc. [151, 152].

The treatment for patients with localized ES is improved but has plateaued with 
a cure rate of 65–75%. Patients with metastases and other poor prognostic factors 
have a much worse survival rate. New approaches for treatment, specifically those 
with a profile of reduced toxicity, are needed.
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12.3.4	 �Chondrosarcoma

Conventional chondrosarcomas (by far the most common) are resistant to standard 
chemotherapy regardless of grade, and therefore, surgery, when feasible, has been 
the principle treatment. Two aggressive variants of chondrosarcoma are associated 
with significant mortality, and for these, chemotherapy may be helpful.

Mesenchymal chondrosarcoma has a high-grade small cell (Ewing’s-like) 
component and can respond to treatment with a Ewing’s type of chemotherapy 
treatment [153, 154]. Dedifferentiated chondrosarcoma is associated with a high-
grade osteosarcoma or undifferentiated pleomorphic sarcoma (UPS) component 
in addition to a low-grade component and should be treated as an osteosarcoma 
[155, 156].

12.3.5	 �Malignant Fibrous Histiocytoma/Undifferentiated 
Pleomorphic Sarcoma of the Bone

This entity, in which there is no osteoid matrix being produced by the malignant 
cells, should be considered as a high-grade variant of osteosarcoma. It should be 
treated with an osteosarcoma-like regimen. However, results are somewhat inferior 
compared to patients with conventional osteosarcoma.

12.3.6	 �Giant Cell Tumor of the Bone (GCTB)

GCTB is a relatively rare benign (but locally aggressive) tumor of bone that is asso-
ciated with a high rate of local recurrence and a small risk (<5%) of pulmonary 
metastases (usually slow growing). Curettage with local adjuvants is the preferred 
treatment. For more advanced and recurrent disease, joint salvage may not be fea-
sible and resection could be indicated.

RANK ligand has been found to be overexpressed in GCTB [157]. Recent work 
has suggested that the use of denosumab, a fully-human monoclonal antibody to 
RANK ligand, blocks osteoclast maturation and resultant bone destruction. It has 
been used for cytoreduction in order to allow for potential intralesional surgery, 
therefore avoiding more invasive surgery. It has also been utilized as treatment for 
unresectable local disease and rare pulmonary metastases [158]. Unfortunately, 
interruption of treatment can be followed by regrowth; therefore, treatment usually 
needs to be maintained. It is usually well tolerated with an acceptable toxicity pro-
file with side effects consisting of headache and bone pain (1–10%), osteonecrosis 
of the jaw (1–2%), hypocalcemia, and hypophosphatemia (<0.1%). It was recently 
FDA approved (2013) for advanced or unresectable disease where surgery would 
result in severe morbidity. The long-term effects of treatment for GCTB are not 
known [159–161].
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Conclusions

Much of the progress in systemic therapy for sarcomas occurred in the last quarter 
of the twentieth century. Between the 1970s and 1980s, various chemotherapeutic 
agents were developed and tested with some evolving into standards of practice. 
With the availability of hematopoietic growth factors and improved supportive 
care, dose intensification became possible, thereby allowing for the maximum 
potential of active combination regimens and/or high-dose single-agent use.

However, by the beginning of the twenty-first century, a plateau in efficacy for 
available agents was reached. New and mechanistically different therapies were 
needed to enhance the therapeutic index and further improve patient outcomes. 
Encouraged by the significantly positive results seen with imatinib for gastrointes-
tinal stromal tumors (GISTs) and the continued advances in molecular genomics, 
several newer targeted therapies have shown modest success in other sarcomas 
[162]. Nevertheless, for most sarcomas with complex genomic profiles, results 
have been limited due to a lack of identifiable specific driver growth pathways 
and actionable targets. It is hoped that with continued improvements in genetic 
sequencing and with the reintroduction of immunotherapy for other solid tumors, 
new treatments will be forthcoming [163–166]. The expanding understanding 
of cancer immunology and more precise and directed immune modulation (i.e., 
checkpoint inhibitors, etc.) may lead to more successful long-lasting treatment 
approaches, which could possibly change the sarcoma treatment paradigm.

As we have entered the new millennium, the treatment of patients with sarco-
mas will become more individualized. Based on their rarity and heterogeneity, 
this will require further collaboration among a variety of different health disci-
plines and researchers. A multidisciplinary, multicenter, and international 
approach will need to be further promoted for the future development of new 
therapies and the rapid and efficient accrual to randomized studies. This will 
enable physicians to achieve the goal of optimum function, minimal morbidity 
and toxicity, and improved long-term survival for our patients with these rare 
neoplasms.
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for Metastatic Sarcoma
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13.1	 �Introduction

The fundamental difference between benign and malignant bone and soft tissue 
tumors is the ability to spread to other sites throughout the body. This ability to 
spread or metastasize often occurs in very specific patterns early in the disease 
(Table 13.1). However, once the metastatic process is advanced, multiple different 
sites are often involved.

Once a malignancy has metastasized, there is often a sense of dread or despair on 
the part of the patient and the healthcare team. Though a few patients may still be 
cured, in most patients there is a shift from treatment with curative intent to pallia-
tive care. The timing of the shift is usually predicated by the specific type of tumor 
and will be detailed in the discussion of the specific tumor types. Synchronous met-
astatic disease occurs when the staging evaluation reveals sites of metastatic disease 
at the initial presentation. In contrast, metachronous metastases occur when the ini-
tial staging evaluation was negative and a site of metastasis is discovered after treat-
ment or a disease-free interval.

The care of a patient with metastatic disease involves multiple disciplines. One 
individual must be the designated leader and always be accessible to the patient 
and/or family. The medical oncologist often utilizes salvage chemotherapy regi-
mens that balance both quality of life and deceleration of the progression of disease. 
The radiation oncologist plays an important role with the delivery of radiation to 
painful sites for palliation, and to sites that require greater local control to slow 
the disease down. When the disease has spread to the spine, the orthopedist or 
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neurosurgeon aids in preventing paralysis or neurologic pain. A mental health pro-
fessional may be necessary to treat reactive depression in both the patient and any 
family members and involved caretakers. The primary care physician often knows 
the patient and family best and may assist in pain control and the general health of 
all involved. Above all, a member of the healthcare team must manage the patient’s 
pain. Although it may not be possible to cure the patient with metastatic sarcoma, all 
efforts should be made to control the patient’s pain and optimize a patient’s function 
for the remaining duration of their life.

13.2	 �Assessing for Metastatic Disease

Staging studies are performed to evaluate possible sites of metastatic disease. These 
studies may include computerized tomography (CT) scans, magnetic resonance 
imaging (MRI) scans, technetium bone scans, and positron emission scans coupled 
with computerized tomography (PET/CT scans) when applicable. When these stud-
ies are performed, it is very important that an open line of communication is present 
between the patient and health team providers. It is important to give results 
promptly to the patient and family.

13.2.1	 �Computerized Tomography Scans of the Chest (CT Chest)

The lung parenchyma is the most common site, and often is the initial site, of spread 
in patients with metastases from sarcoma. Although chest radiographs can be used 
to screen the patient for the development of pulmonary metastases, most clinicians 

Table 13.1  Patterns of metastases in common bone and soft tissue sarcomas

Osteosarcoma Lung, bone

Ewing’s tumor Lung, bone, bone marrow

Chondrosarcoma Lung, bone

Undifferentiated sarcoma of the bone (malignant 
fibrous histiocytoma)

Lung

Adamantinoma Lungs, skin, lymph nodes

Undifferentiated soft tissue sarcoma (malignant 
fibrous histiocytoma)

Lung

Pleomorphic (high-grade) liposarcoma Lung

Myxoid liposarcoma Lung, retroperitoneum, other organs

Synovial sarcoma Lungs, lymph nodes

Rhabdomyosarcoma Lungs, lymph nodes

Epithelioid sarcoma Lungs, lymph nodes

Alveolar soft part sarcoma Lung, bone, brain, other organs
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routinely rely on computed tomography scans. The CT scan is usually done without 
contrast. There are many variations in restaging schedules, but a common plan for 
lung surveillance in patients with high-grade sarcomas is chest CT scans every 
3 months for 3 years, every 6 months for 2 years, and then once a year for life. For 
certain patients such as children and young adults in whom lifetime radiation expo-
sure is a concern, clinicians often opt to switch to plain chest radiographs or alter-
nate between CT and radiographs when restaging imaging is stable for a period of 
time, typically 1 year. For low-grade sarcomas, a frequent used schedule is every 
6 months for 5 years and then once a year for life.

Analysis of the CT scan can determine that (1) there is no evidence of metastatic 
disease or there are no nodules present; (2) there is no evidence of metastatic dis-
ease, but there is the presence of one or more pulmonary nodules that are less than 
1 cm in size (indeterminate nodules); and (3) there is the presence of metastatic 
disease (nodules that have increased in size) or the presence of one or more nodules 
that are greater than 1 cm.

13.2.2	 �Magnetic Resonance Imaging (MRI) Scans

The MRI scan can be used to evaluate a site where the patient has pain or the clini-
cian is suspicious that a metastatic focus is present. For example, a patient with a 
history of Ewing’s sarcoma may have back pain. The radiographs of the area of the 
spine may be normal, but MRI can be utilized to definitively check the bone marrow 
and soft tissues in the region of pain. If the MRI shows no evidence of tumor, then 
there is no oncologic cause of the pain. Compared to X-rays and CT scans, MRI is 
very sensitive in evaluating the bone marrow of the vertebral bodies.

Whole-body MRI has also been advocated to evaluate patients who may have 
spread from sarcoma. MRI scans are very sensitive in detecting soft tissue masses 
and involvement of the bone marrow. However, the cost and substantial time in the 
scanner required for whole-body MRI make this impractical in clinical practice.

13.2.3	 �Technetium Bone Scans

Nuclear medicine bone scans are useful to detect sites of spread to bones throughout 
the skeleton. These scans are very sensitive but are not specific. To verify that there 
is bone destruction in areas of increased uptake, radiographs any identified areas of 
activity need to be performed. If there are multiple areas of increased uptake and if 
radiographs show a destructive process, then metastases have most likely occurred.

False-positive scans commonly occur, and areas of increased uptake must not be 
considered as positive unless confirmatory radiographs are performed. Increased 
uptake may be secondary to arthritis, prior fractures, current stress fractures, Paget’s 
disease, infections, and several other causes. A new area of activity on subsequent 
scans is always concerning for the development of metastatic disease in the absence 
of trauma or surgery.
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13.2.4	 �Positron Emission Scans/Computerized Tomography  
(PET/CT) Scans

PET/CT scans are a very sensitive method of localizing tumors. The PET scan detects 
areas of abnormal metabolic uptake of radiolabeled glucose (FDG). The advantage 
of a combined PET/CT scan is that the entire body is imaged. Very subtle areas of 
increased uptake can be identified and correlated with specific anatomy, with a reso-
lution on computed tomography of approximately 1 cm. A major disadvantage is that 
not all areas which show increased activity are sites of metastasis (false positives), 
which often lead to further testing, greatly increasing patients’ anxiety.

13.3	 �Techniques for Confirmation of Metastatic Disease

In some patients the presence of metastatic foci is very apparent, while in others the 
findings may be very subtle. In patients with widespread disease (involving multiple 
sites such as the brain, liver, lungs, etc.), confirmation with a tissue biopsy is gener-
ally not necessary. In contrast, when there is just one new site or if the site is small, 
tissue confirmation is often necessary. Cancer survivors, particularly childhood can-
cer survivors with radiation exposure or chemotherapy regimens that include alkyl-
ating agents, are at a higher risk of developing other primary cancers compared to 
the general population [1]. These malignancies may present several years after diag-
nosis and treatment. If a tissue diagnosis is needed, most tissue biopsies are done 
percutaneously by fine-needle aspiration (FNA) or core needle sampling. A small 
needle is directed utilizing guidance (computerized tomography, magnetic reso-
nance imaging, fluoroscopy, or ultrasound) and a small piece of tissue is sampled.

Lung nodules are commonly encountered in sarcoma patients and may be inde-
terminate or normal findings, particularly in large urban areas. When nodules are 
large (over 6 mm) and/or multiple, it is often necessary to confirm that these nodules 
are indeed metastatic foci. There are a number of different approaches. If the pri-
mary tumor is responsive to chemotherapy, one option is to deliver that chemo-
therapy and see how the nodules respond over time, either disappearing, enlarging, 
or not demonstrating any significant change. If nodules enlarge, there is no question 
that a neoplasm is present. If nodules completely disappear, there may have been 
tumor present or the nodules were from a non-tumor etiology. An evaluation by a 
thoracic surgeon is often helpful and can be reassuring to the patient.

Solitary or oligometastases to the lung are still curable in about 20–25% of 
patients. The thoracic surgeon plays a very prominent role in patients with advanced 
disease. Removal of nodules can be both a diagnostic procedure (in regard to the 
confirmation of metastatic disease and the response to preoperative chemotherapy) 
and potentially curative if all the nodules can be removed.

There are many factors considered when planning a thoracotomy to remove nod-
ules of metastatic disease. A careful staging evaluation is important. If extrathoracic 
disease is present or if the primary tumor is not controlled, then thoracotomy is 
often not employed. If, in carefully selected patients, both the pulmonary and extra-
thoracic metastases can be resected, cure is still possible (Blackman). 
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The disease-free interval is extremely important. When a long period exists between 
the appearance of pulmonary nodules and the occurrence of a primary tumor, the 
prognosis is much better in regard to the efficacy of thoracotomy. Another consid-
eration is the number of pulmonary nodules and whether the nodules are bilateral or 
unilateral. When numerous small nodules are present in both lungs (greater than 
ten), the chance for cure is much lower [2]. When there are a small number of nod-
ules (<5), removal may result in cure. If any disease is left behind following resec-
tion, cure is not possible. The presence of pleural seeding excludes thoracotomy.

13.4	 �Salvage of Patients with Metastatic Disease

13.4.1	 �Osteosarcoma, Ewing’s Tumor, and Other Bone Sarcomas

Metastases can be found in patients with bone sarcomas in the following situations: 
(1) pulmonary metastases at presentation, (2) pulmonary and bone metastases at 
presentation, (3) pulmonary metastases after neoadjuvant chemotherapy and wide 
resection of the primary tumor, and (4) pulmonary and bone metastases after neoad-
juvant chemotherapy and wide resection of the primary tumor. There are differences 
in the approach to these patients, so each scenario will be discussed separately.

	1.	 Pulmonary metastases at initial presentation

Pulmonary nodules that are judged to be metastases at presentation signal 
advanced state of disease. Despite spread of the tumor to the lungs, cure may still be 
possible. For most sarcomas, the general approach at this point is preoperative che-
motherapy followed by wide resection of the primary tumor. There are several sce-
narios following resection of the primary tumor:

	(a)	 Complete resolution of the pulmonary nodules. In this situation, adjuvant che-
motherapy follows, and one observes for further development of pulmonary 
metastases.

	(b)	 Stability or diminution of the nodules but the nodules are still present. In this 
scenario, chemotherapy continues with a plan to resect the nodules that persist 
after completion of chemotherapy.

	(c)	 Increase in size and number of the nodules; in this scenario, the chemotherapy 
agents are generally changed. Following several rounds of chemotherapy, the 
pulmonary nodules are removed if they are resectable. If the nodules are not 
resectable, one continues chemotherapy with the goal of reducing the pulmo-
nary disease until the thoracic surgeon can safely resect the disease.

	2.	 Pulmonary and bone metastases at presentation

If pulmonary and bone metastases are found on initial presentation, the situation 
is very grave. Although cure may be possible, the odds are markedly diminished. 
The approach for the pulmonary metastases is the same as when only pulmonary 
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metastases are present. If there is a single bone metastasis present and the pulmonary 
disease is controllable by thoracotomy, then the bone metastasis is resected. If there 
is more than one bone metastasis, the general approach is to continue chemotherapy 
to see the response of the tumor. If the primary lesion and the pulmonary and bone 
metastases are resectable, then all sites of disease are removed.

	3.	 Pulmonary metastases after neoadjuvant chemotherapy and wide resection of the 
primary tumor

The development of pulmonary metastases after a disease-free interval of at least 
6 months is the most common situation the clinician, patient, and family have to 
face. It is essential that a plan be developed when the pulmonary metastases are 
discovered so that the patient and family understand that everything possible will be 
done. The computerized tomography scan is carefully studied to determine how 
many nodules are present. Chemotherapy is usually given initially to determine if 
the nodule will respond and to see if additional nodules develop. After one to three 
cycles of chemotherapy, if the remaining nodules are resectable, then surgery is 
performed. At 3-month intervals, the CT is repeated to detect the presence of further 
nodules. If more nodules develop, further chemotherapy is delivered. The agent of 
choice is dependent on the response of the nodules to the pre-thoracotomy chemo-
therapy. Multiple thoracotomies are sometimes necessary to achieve a cure, but 
patients with a higher disease burden (>5 lesions) and those requiring more than two 
metastasectomies fare worse [3].

	4.	 Pulmonary and bone metastases after neoadjuvant chemotherapy and wide 
resection of the primary tumor

The development of pulmonary and bone metastases after preoperative chemo-
therapy and wide resection is a very ominous situation. If there is a single bone 
metastasis and resectable pulmonary disease, then a very aggressive approach with 
the goal of removing both the pulmonary metastases and bone metastasis is 
employed. If there are numerous bone metastases, then approach shifts to palliative 
care. While chemotherapy is given for the pulmonary and bone metastases, radia-
tion may be delivered to sites of bone metastasis if these sites are symptomatic.

13.5	 �Special Note: Treatment-Resistant Sarcomas

Certain bone sarcomas, most notably the chondrosarcomas, are notoriously resis-
tant to chemotherapy and radiotherapy. Surgical extirpation remains the mainstay of 
treatment for these diseases. Several series have shown a very modest disease 
response rate to chemotherapy and radiation for mesenchymal and dedifferentiated 
subtypes of chondrosarcoma, but overall survival numbers remain dismal [4, 5]. 
Investigational drug trials may be explored in these cases.
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13.5.1	 �Soft Tissue Sarcomas

Soft tissue sarcomas (STS) are a very heterogeneous assortment of malignancies. 
While most bone sarcomas are high grade, there is a wide range in clinical behavior 
of soft tissue malignancies. High-grade STS will often metastasize very early 
(within 2 years), while low-grade tumors may have a very long disease-free interval 
(2–20 years). There are several scenarios which may need to be addressed:

	1.	 Pulmonary metastases at presentation
	2.	 Pulmonary and diffuse metastases at presentation
	3.	 Pulmonary metastases after a disease-free interval
	4.	 Pulmonary and diffuse metastases after a disease-free interval

	1.	 Pulmonary metastases at presentation

The presentation of both a soft tissue malignancy and pulmonary metastases at 
presentation is a difficult problem. In this scenario, chemotherapy is usually neces-
sary for lung involvement that implies systemic disease. In addition, radiotherapy is 
often needed for the primary tumor. The chemotherapy and radiotherapy can be 
interdigitated preoperatively. Following preoperative chemotherapy and radiation to 
the primary tumor, a new computerized tomography scan of the chest is performed 
to assess the response of the chemotherapy. The primary soft tissue tumor is then 
resected. Once surgical site healing occurs (generally within 3 weeks), the chemo-
therapy is then restarted. After one or two cycles, a new computerized tomography 
scan is performed, and if the nodules in the chest are resectable, they are removed.

At this point careful surveillance of the pulmonary system is necessary (every 
3 months). If new pulmonary nodules appear and they are resectable, then the new 
nodules are removed. The decision for additional chemotherapy depends on whether 
the initial response to first-line agents was favorable or not. If the nodules are not 
responsive to chemotherapy, then surgical resection is the dominant form of therapy 
for the nodules.

	2.	 Pulmonary and diffuse metastases at presentation

This is a very difficult problem and often portends a very poor prognosis for the 
patient. Although there is potential for cure if the disease is limited, the odds are far 
against long-term survival. Unless death from metastases is imminent, the approach 
is for interdigitated chemotherapy and radiation therapy to the primary tumor with 
the goal of resecting the primary tumor. Once the primary tumor is removed, a deci-
sion has to be made about the metastases. The patient undergoes restaging to iden-
tify all the sites of disease. Postoperative chemotherapy is often delivered if there 
was a positive response to the initial chemotherapy. After one to three cycles of 
chemotherapy, an assessment is made as to the resectability of the sites of metasta-
sis. If there are diffuse metastases (lung, bone, and visceral sites such as the liver or 
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brain), then there is a shift to palliative rather than curative therapy. If the sites of 
metastasis are all resectable, then they should be resected with a wide margin simi-
lar to treatment of the primary tumor. Chemotherapy is often given between resec-
tions so that the disease remains in check.

	3.	 Pulmonary metastases after a disease-free interval

The discovery of pulmonary metastases after a disease-free interval (usually at 
least 6 months) is the most common scenario faced by patients, family members, 
and the healthcare team. Patients often feel a sense of despair for their survival. It is 
very important to emphasize to patients and family members that cure is still pos-
sible in about one quarter of patients. The medical oncologist and thoracic surgeon 
need to engage the patient so that a very aggressive treatment plan is outlined for the 
patient.

If the pulmonary disease is resectable, the nodules are often removed first. This 
approach provides both a diagnosis of metastatic sarcoma and renders the patient 
disease-free. At this point there are two options; the first is for observation only with 
serial CT scans of the chest, and the second is for systemic chemotherapy in addi-
tion to monitoring the chest. The older patient with comorbidities will often choose 
careful observation, while the younger patient may be more suitable and amenable 
to systemic chemotherapy and careful monitoring of the chest.

Multiple thoracotomies and cycles of chemotherapy may be necessary to control 
the disease. Cure may be possible as long as the metastases are restricted to the 
chest and are resectable [4].

	4.	 Pulmonary and diffuse metastases after a disease-free interval

Pulmonary and diffuse metastasis after a disease-free interval portends a very 
advanced state of disease, and the prognosis is very poor. The patient, family, and 
healthcare team need to decide whether to proceed with palliative therapy or to try 
for cure despite the poor odds. The general plan is the same as noted above in 
patients with pulmonary and diffuse metastases at presentation.

13.6	 �Palliative Care in the Patient with Metastatic Sarcoma

Once metastatic disease is confirmed and treatment is no longer intended to be cura-
tive, appropriate palliative care requires an almost paradoxical intensification of 
specialty care across multiple disciplines. Collaboration must exist between surgi-
cal, medical, and radiation oncologists, with the support of interventional radiolo-
gists, primary care providers, rehabilitation specialists, psychiatrists, and other 
services as needed. Cross-communication between specialists is essential to coordi-
nate care, as the timing of trials of chemotherapy, radiation treatments, and urgent 
surgical interventions may overlap.
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The goals of palliative sarcoma care focus on the prevention and treatment of the 
side effects or symptoms of advancing disease, which include:

–– Pain control: management of pain from mass effect, post-chemotherapy neu-
ropathy, radiculopathy or neural compression in the spine, etc.

–– Preservation of mobility: preventing or managing disease that threatens to com-
promise skeletal integrity or the ability of the patient to ambulate and perform 
tasks independently.

–– Survival: promoting longevity to assist patients in meeting personal goals before 
death.

–– Psychological/spiritual care: assisting patients and families in coping with a dif-
ficult circumstance. The role of supportive counseling from psychiatrists and all 
members of the oncologic team cannot be overstated.

Palliative care requires an individualized approach to the sarcoma patient. A 
multidisciplinary plan must take into account the relative benefits and toxicities 
of any treatment, disease-specific factors, and the patient’s own personal goals of 
treatment.

13.6.1	 �Chemotherapy

Palliative chemotherapy for advanced and metastatic sarcoma may be administered 
to achieve tumor shrinkage with the goal of local downstaging and decreased mass 
effect. For patients with personal life goals or specific functional demands, the 
potential benefit to progression-free or overall survival, no matter how modest, may 
justify the risks and toxicities of a treatment. This should be considered on a case-
by-case basis.

The agent of choice is selected based on the chemosensitivity profile of the spe-
cific subtype of sarcoma. The most common agents selected are doxorubicin and 
ifosfamide, followed by paclitaxel, gemcitabine, and Taxotere. A discussion of 
disease-specific chemotherapy options is featured below.

The intensity of treatment is subject to considerable variability and is influenced 
by the patient’s age, performance status, medical comorbidities, and prior treat-
ments. Several studies including a meta-analysis examining single-agent versus 
combination therapy for metastatic sarcomas have consistently shown a slight trend 
favoring combination therapy in terms of response rates and survival, but these 
trends do not reach statistical significance. Treatment toxicities were also higher in 
the combination therapy groups. In both treatment groups, advancing age, limited 
performance status, and number of metastatic sites were the only independent fac-
tors associated with overall survival [6–11].

Treatment-related toxicities are common in the palliative chemotherapy setting, 
and hospitalizations for grade 3 and 4 toxic events occur in approximately 13% of 
single-agent regimens and 38–46% of combination therapy regimens [6, 11]. These 
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include hospitalizations for intractable nausea and vomiting, myelosuppression, 
bleeding and anemia, lymphopenia and infection, renal impairment, CNS toxicity, 
and complications of hypoalbuminemia. Drug-specific toxicities may also be limit-
ing. Doxorubicin-related cardiotoxicity risk increases for every 50 mg/m2 over the 
total dosage of 400 mg/m2. These considerations are to be taken into account when 
determining duration of treatment and overall dose intensity.

13.6.2	 �Disease-Specific Palliative Chemotherapy: Bone Sarcomas

The introduction of chemotherapy agents in the treatment of osteosarcoma and 
Ewing’s sarcoma in the 1970s has led to an increase in 5-year survival rates from 
approximately 15–20% to 60–80%, suggesting the presence of micrometastatic dis-
ease at the time of initial presentation [12, 13]. A combination of doxorubicin, cis-
platin, and methotrexate is the commonly administered regimen for osteosarcoma. 
For patients with metastatic disease or those with poor histological response to con-
ventional treatment, considered <90% tumor necrosis, the addition of second-line 
therapy with ifosfamide and/or etoposide has been advocated [14, 15].

Ewing’s sarcoma is most commonly treated with VAC-D chemotherapy (vin-
cristine, actinomycin D, cyclophosphamide, and doxorubicin). The addition of ifos-
famide and etoposide has been found to work synergistically with VAC-D regimens, 
although this was not found to demonstrate a survival advantage in patients with 
metastatic disease at presentation [16]. Whereas the 5-year survival for patients with 
nonmetastatic disease approaches over 80%, those with relapsed and metastatic dis-
ease fare far worse; 5-year survival is approximately 29% with isolated lung metas-
tasis, 19% for bone metastasis, and 8% for both lung and bone metastasis [17].

Malignant fibrous histiocytoma is a primary sarcoma of the bone in older patients 
typically over 40 years of age. Chemotherapy regimens similar to that of conven-
tional osteosarcoma have been used with 50–60% clinical response rates [18–20].

In patients with refractory or metastatic osteosarcoma, Ewing’s tumor, and MFH 
of the bone, second-line treatment with gemcitabine and docetaxel has been shown 
to have an overall objective response rate of 29% [21].

Unlike other primary sarcomas of the bone, chondrosarcomas are classically 
radioresistant and chemoresistant. A modest benefit to ifosfamide has been sug-
gested in the setting of dedifferentiated chondrosarcoma, although this is a disease 
with a dismal prognosis (5-year survival 10–15%) [4]. Therefore, the primary pallia-
tive strategy in patients with metastatic chondrosarcoma remains surgical resection.

13.6.3	 �Disease-Specific Palliative Chemotherapy: Soft Tissue 
Sarcomas

Soft tissue sarcomas are a heterogeneous group of rare malignancies, with wide 
variations in histology, cytogenetics, and patient demographics. As such, disease-
specific investigations are typically lacking in statistical power, disease-grouping 
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studies suffer from substantial confounding variables, and a statistically significant 
survival benefit has not been demonstrated with routine chemotherapy for all soft 
tissue sarcomas. Rather, the complications of chemotherapy toxicity may actually 
confer a negative impact on survival in some patients [22, 23]. With local surgery 
and radiation, the 5-year rate of distant relapse-free survival of soft tissue sarcoma 
is approximately 50%, and this has changed very little since the 1970s, owing to the 
lack of proven systemic therapy [22]. A meta-analysis of 14 randomized trials esti-
mates a treatment advantage of approximately 10% with either doxorubicin- or 
anthracycline-based therapy with ifosfamide [24]. Adjuvant chemotherapy gener-
ally should not be considered a first-line therapy in palliative treatment of metastatic 
soft tissue sarcoma [23, 25].

Despite the lack of evidence supporting chemotherapy for routine use, several 
histologic subtypes of soft tissue sarcomas demonstrate notable chemosensitivity. 
In leiomyosarcoma has shown a 17% response rate to Gemcitabine and docetaxel 
[26]. Angiosarcoma has shown variable sensitivity to doxorubicin, ifosfamide, and 
taxanes [27]. Synovial sarcoma shows particular responsiveness to regimens with 
ifosfamide, cisplatin, and doxorubicin, showing 70% partial and 30% complete 
treatment response in the setting of metastatic disease [28]. Pediatric rhabdomyosar-
coma has a reported cure rate of 70% with multidisciplinary care that includes sur-
gery and chemotherapy with vincristine, actinomycin, and cyclophosphamide [29].

13.6.4	 �Targeted Therapies

Enthusiasm for mutation analysis-based therapy with targeted agents is expanding 
in sarcoma oncology. The insulin-like growth factor 1 receptor (IGF1-R) and its 
downstream pathways such as mTOR have shown prominent roles in the develop-
ment of osteosarcoma and Ewing’s sarcoma, and multi-target inhibitors such as 
pazopanib and sorafenib with antiangiogenic VEGF, PDGFR, and c-KIT activity 
are being explored as second-line agents in soft tissue and select bone sarcomas. 
These agents and many other targeted therapies are being explored in phase II and 
other trials, but their efficacy has not been established [30–32]. Comprehensive 
molecular profiling with mutation-based therapy is currently in its infancy, with 
only small case series that have not shown dramatic results [33].

13.6.5	 �Palliative Radiation Therapy

Radiation therapy is an attractive option for local control in patients with unresect-
able disease, lesions in anatomic locations in which surgical resection might be 
particularly morbid, patients unable to tolerate surgery or chemotherapy, and spe-
cific diseases with known radiosensitivity. For instance, palliative radiotherapy has 
been demonstrated to have clinical response rates of 76–84% in Ewing’s sarcoma 
and 54% in osteosarcoma [34, 35]. For soft tissue sarcomas, radiotherapy com-
bined with surgery is a mainstay of local treatment, but the efficacy of radiation for 
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metastatic disease depends on the radiosensitivity of the specific disease. Myxoid 
liposarcoma is perhaps the most radiosensitive soft tissue sarcoma, with clinical 
response rates close to 100% [36].

Stereotactic body radiosurgery (SBRT) is being increasingly utilized for pallia-
tion of disease in anatomically challenging locations such as the spine and pelvis, in 
tissues that have been previously irradiated, and for tumors that are known to be less 
radiosensitive. SBRT has the advantage of delivering higher doses of radiation to 
the target lesion with less damage to the uninvolved tissues. The treatment course of 
SBRT is also much shorter, three to five sessions on average. This is much less 
intrusive to the patient’s schedule, which can be of particular importance in the pal-
liative setting. In the setting of metastatic sarcoma, SBRT is generally safe, with 
toxicities typically occurring in re-irradiated fields and when delivered concurrently 
with chemotherapy [37]. For metastasis from primary sarcomas, Stragliotto et al. 
found that SBRT demonstrated an overall response rate of 88%, with a 3-year sur-
vival rate of 31% [38]. Specific to pulmonary metastases from soft tissue sarcoma, 
Dhakal et al. treated 15 patients with a median number of four lesions per patient 
and found a local response rate of 82%, with a median overall survival benefit of 
1.5 years over non-radiated controls [39]. Toxicities can occur with SBRT and may 
include myonecrosis, avascular necrosis of the bone, pathologic fracture, and sacral 
plexopathy [37].

Systemic radiopharmaceuticals that localize to the bone and osteoblastic sites 
may provide targeted irradiation to metastatic deposits of osteosarcoma, which may 
be multifocal and a source of considerable pain and disability. Radioactive isotopes 
of iodine-131 and strontium-85, strontium-89, and strontium-90, while used in the 
laboratory to induce osteosarcomas in mice, have been found to localize to meta-
static osteogenic sarcoma [40]. Strontium may be used in nuclear medicine imaging 
for localization of osteosarcoma metastases, but its increased oncogenic potential 
makes any therapeutic applications unclear [41]. Samarium-153-EDTMP and 
radium-223 are both bone-seeking radiopharmaceuticals that have been tested in 
patients with widely metastatic osteosarcoma. The hematopoietic toxicity of these 
chemicals typically requires autologous stem cell support after treatment, and clini-
cal response to treatment has been observed to last an average of 1 month [42–44].

13.6.6	 �Palliative Percutaneous Ablation

The interventional radiologist can be a valuable contributor to the palliation of met-
astatic sarcoma. Minimally invasive, percutaneous techniques to deliver local adju-
vant therapy for ablation of metastatic deposits may obviate the need for larger, 
more invasive surgery. Selective nerve root ablation may provide palliative pain 
control in selected patients. Arterial catheterization techniques include isolated limb 
perfusion therapy and mechanical or chemoembolization techniques. Embolization 
of highly hypervascular lesions may provide pain relief in over 80% of patients with 
advanced disease [45].
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Thermal ablation techniques such as cryoablation and radiofrequency ablation 
may be used to induce local tumor necrosis and halt local progression of disease. 
With radiofrequency ablation techniques, long-term pain relief can be obtained in 
70–83% of patients [46] and may confer an average survival benefit of 32 months in 
the setting of oligometastatic disease [47]. This may be due to simply diminishing 
the local mass effect of the lesion, but recent investigations have postulated a post-
procedure release of antigens that may stimulate an antitumor immune response [48].

For metastatic lesions within the bone, the structural integrity of the bone must 
be considered when using percutaneous ablation techniques. The simultaneous 
insertion of mechanical augments, such as hardware and/or polymethyl methacry-
late (PMMA) cement, may be combined with thermal ablation techniques to pro-
vide palliative treatment in the spine, pelvis, or other sites at risk for fracture. Pain 
relief with combined percutaneous treatment can be obtained in up to 81% of 
selected patients [49].

13.6.7	 �Palliative Surgery

Although not performed with curative intent, surgery in the setting of palliative care 
may still be feasible if significant gains can be made in terms of pain control, func-
tional mobility, or quality of life. Resection of pulmonary metastases for survival 
benefit has been discussed previously, but metastases in the bone can also be a sig-
nificant source of pain and disability. Percutaneous stabilization techniques, pro-
phylactic nail fixation, resection of an involved segment of the bone, joint 
replacement, and even amputation can all be reasonable interventions to alleviate 
pain and maintain upright mobility in terminal patients. It is important that surgical 
procedures ideally should be planned in consultation with the rest of the oncologic 
team around other planned chemotherapy or radiation treatments so as to minimize 
the risk of avoidable perioperative complications [50].

13.7	 �Summary

Metastatic sarcoma is often devastating news to the patient and the oncology team 
and can provoke feelings of despair and personal or professional failure. When a 
sarcoma has recurred or metastasized after a long disease-free interval, this can be 
particularly disheartening. It is important for all parties involved to refocus and 
specifically re-evaluate and discuss the goals of treatment. In up to a quarter of 
patients with metastatic disease, surgical extirpation and long-term remission of 
disease are still possible. Younger patients, patients with resectable oligometastatic 
disease, and patients with a treatment-sensitive sarcoma subtype warrant a more 
aggressive treatment strategy.

When the goals of treatment shift toward palliative care, treatment should pro-
ceed with a focus on pain relief, functional mobility, and the physical, mental, and 
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emotional quality of life of the patient. Palliative care remains a multidisciplinary 
undertaking, and frequent communication should exist between members of the 
oncology team to explore the potential chemotherapy, radiotherapy, percutaneous 
interventions, and surgical treatment options available to serve the patient.
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14Pain Management for Sarcoma Patients

Lee Ann Rhodes

14.1	 �Introduction

Fear is inevitable when one faces the threat of pain. When this feeling arises, it puts 
the patient’s treatment course in jeopardy. The undertreatment of cancer pain has 
been a global epidemic for a number of years [1–3]. At the time of their diagnosis, 
approximately 30–50% of cancer patients have experienced pain [2, 4–7]. This per-
centage rises to 50–70% of patients during their cancer treatment [8], while 65–90% 
of patients with advanced cancer are burdened with inadequate control of their pain 
[2, 6, 7, 9]. Consequences of unrelieved pain include loss of autonomy, social isola-
tion, suffering, psychological distress, and the diminished ability to comply with the 
cancer treatment.

With so many strategies in place to ameliorate cancer pain, why is it that so many 
people are in pain? Many patients are simply undertreated due to lack of knowledge 
about medication titration and how to control side effects [4]. Traditionally, the 
control of pain has been given a lower priority than controlling or eliminating the 
malignancy [10]. Several barriers have been identified that impair the appropriate 
treatment of pain. The patients’ family members and health-care providers each col-
lectively may contribute to these obstacles [11–14]. Typically, oncology patients 
have several health-care providers. This may present some confusion as to which 
provider is assuming the role of prescribing pain medications; therefore, communi-
cation is paramount for successful treatment. Patients may underreport pain to their 
doctor for a variety of reasons. Often they do not want to be seen as complaining or 
feel that the focus of their treatment may take a more palliative path instead of cur-
ing the disease. Sixty percent of patients feel that a choice must be made between 

mailto:LeeAnn.Rhodes@Medstar.net


274

pain control and cancer treatment [4]. Religious and cultural perspectives on pain 
also influence the way a patient will respond to pain, with some feeling that they 
must endure pain as a punishment for their past bad deeds. Other patients may 
become hopeless that nothing can be done to relieve their pain. This is particularly 
important when treating patients with sarcoma. Many patients present with pain on 
diagnosis. An interdisciplinary approach benefits the patient in many aspects which 
include restoration of function and reduction of postoperative pain.

Misinformation is a leading barrier to pain control [15–17]. Up to 80% of patients 
fear they will become addicted to opioids [17]. Other barriers include those imposed 
by insurance companies, many requiring special authorization for opioids and limi-
tation on the amount dispensed. Eighty-five percent of patients fear that the side 
effects associated with opioids cannot be controlled [17]. Lack of knowledge exists 
about comprehensive pain management, which is comprised of behavioral thera-
pies, physical therapy and rehabilitation, and interventional nerve blocks. This lim-
its the ability of attaining satisfactory pain control. Fortunately, many pain 
organizations throughout the world have disseminated information to both patients 
and their family members and provided continuing medical education to health-care 
providers to dispel the myths that contribute to these pain barriers. By creating dia-
logues between patients and health-care workers, these barriers can be effectively 
overcome.

This chapter will discuss the causes of and treatment of cancer pain along with a 
discussion of phantom limb pain.

14.2	 �Causes of Cancer Pain

Pain can be the result of the cancer itself, the treatment given to manage the cancer, 
or completely unrelated to the cancer. Up to 75% of chronic cancer pain is the direct 
result of the malignancy [18]. The tumor itself produces mediators of inflammation 
that propagate pain. The tumor may invade surrounding structures, including nerves, 
bones, soft tissue, ligaments, and fascia [4]. Metastasis of the tumor to the bones 
may result in pain. Only one-third of advanced cancer patients have pain from one 
source [19–21].

Approximately 17% of patients’ pain is the result of treatment [19]. Surgical, 
chemotherapy, or radiation treatment of the tumor may result in painful conditions. 
Incisional pain may produce scar neuromas, with ectopic foci of pain. Some che-
motherapeutic agents, such as cisplatin, taxanes, and vincristines, may lead to 
painful peripheral neuropathies [4, 22]. Radiation treatment may also inflict injury 
to peripheral nerves, which may occur months to years after treatment [10]. 
Plexopathies from radiation are more likely when the dose of radiation is greater 
than 60  Gy or 6000  rad cumulatively [22]. Also, there are cases of radiation-
induced osteonecrosis (G4).

The types of pain are characterized as nociceptive, neuropathic, or mixed 
nociceptive-neuropathic. Identification of the type of pain is necessary since some 
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agents that effectively control nociceptive pain, such as opioid analgesics, may have 
minimal effect on the treatment of neuropathic pain. Nociceptive pain is associated 
with tissue injury from surgery, trauma, inflammation, or tumor. This injury acti-
vates pain receptors in the cutaneous or deep musculoskeletal structures [4]. 
Nociceptive pain may be further divided into somatic and visceral pain. Somatic 
pain arises from injury to bones, tissues, or tendons and is mainly described as achy, 
dull, or stabbing. It is typically localized, and examples include tumor invading a 
bone, a pathological fracture, or postoperative incisional pain [4]. Visceral pain may 
occur from tumor stretching, invading, compressing, obstructing, or distending vis-
ceral structures. This type of pain usually presents as a poorly localized pain. 
Frequent descriptions of visceral nociceptive pain are deep, cramping, colicky, and 
squeezing, especially when an obstruction is present, and sharp and throbbing when 
an organ capsule is distended [23]. The pain may be referred to the shoulder if the 
diaphragm is irritated or to the patient’s back [4].

Neuropathic pain results from abnormal somatosensory processing in the periph-
eral or central nervous system [10]. Neuropathic pain may be described as pins and 
needles, burning, numbness, lancinating, and electrical shock-like [4]. Examples of 
neuropathic pain include tumor invasion or compression of plexuses, nerves, or the 
spinal cord, peripheral neuropathies from chemotherapeutic agents, or radiation-
induced nerve injury. Even a surgical scar may develop ectopic painful nerve pro-
cessing postoperatively. Why some patients develop neuropathic pain and others do 
not is unknown [10].

14.3	 �Pain Assessment

In order to treat pain, routine assessment and reassessment following intervention 
must be accomplished. Reliable pain scales exist that may be verbal or visual [24–
26]. The most common assessment tool uses a ten-point verbal or visual scale where 
zero is no pain and ten is the worst pain imaginable. Placing pain scores on the vital 
sign flow sheets of both inpatient and outpatient areas has been one of the many 
efforts undertaken to make pain more visible. This enables multiple health-care 
workers to see the results of their pain interventions. Pain assessments also incorpo-
rate the location of pain, radiation of pain, description of pain, and temporal fea-
tures, including breakthrough pain, duration of pain, and aggravating and alleviating 
factors. Additional symptoms, such as fatigue and psychological distress along with 
the influence of pain on activities, sleep, work, quality of life, and relationships with 
others, should be asked. Previous pain therapies and the patient’s response to treat-
ment also are included in the assessment. It is not uncommon that the patient had 
been on an effective pain regimen only to have it discontinued when the patient 
changed physicians or due to unfounded concerns that addictions may occur from 
prolonged use. By collecting the necessary information during the pain assessment, 
the differential diagnosis can be formulated, and appropriate pain interventions can 
be formulated.
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14.4	 �Treatment of Pain

Controlling pain is achieved by either reducing or eliminating the source of pain, 
blunting the perception of pain, or blocking the transmission of pain to the central 
nervous system [27]. A variety of treatments have been developed to accomplish 
this goal, and ultimately 85–95% of patients with cancer pain can have their pain 
controlled with a combination of pharmacotherapy, nonpharmacological therapy, 
and antineoplastic treatment [28–31]. The principle treatment of pain has been phar-
macotherapy. This resulted in the development of a three-step “ladder” published in 
1986 by the World Health Organization (WHO) to assist in cancer pain manage-
ment. Prior to this, use of algorithms for opioid treatment of cancer pain was highly 
variable. The first step of the WHO ladder is aimed at the treatment of mild to mod-
erate pain and recommends nonopioid analgesics such as acetaminophen and non-
steroidal anti-inflammatory agents (NSAIDs). The second step of the ladder focuses 
on the treatment of moderate pain and includes short-acting opioids such as codeine, 
hydrocodone, and oxycodone. These opioids are frequently combined with either 
acetaminophen, aspirin, or ibuprofen. Due to the addition of these, analgesia may be 
limited by the safe maximum doses of the nonopioid components. It is also appro-
priate to use these to treat mild pain if the patient either does not respond to or can-
not tolerate Step 1 treatment [23].

Severe pain is addressed in the final third step of the ladder. Morphine, oxyco-
done, hydromorphone, fentanyl, oxymorphone, and methadone are examples of 
Step 3 opioids. Doses of these opioids generally do not have a ceiling or maximal 
dose, thus enabling escalation of doses that are only limited by side effects [30–34]. 
The dose needed to obtain adequate analgesia is patient specific and is achieved 
through a balance between analgesia and side effects. The WHO ladder also allows 
for the addition of adjuvant drugs, such as those used to treat neuropathic pain, 
bisphosphonates, steroids, and topical analgesics. With the use of this algorithm, 
pain relief has been achieved in up to 90% of patients [35].

The nonopioid analgesics fall into several categories. Acetaminophen may be a 
useful drug for mild pain. Although it provides analgesia through a central mecha-
nism of action [36, 37], it does not confer anti-inflammatory properties [38]. Doses 
exceeding a total of 4 g a day should always be avoided in order to prevent hepato-
toxicity. Use of concurrent alcohol further increases the risk of liver damage. 
Additionally, acetaminophen is not a good choice in patients with hepatic metastasis 
or existing liver abnormalities. Since acetaminophen is an agent that is frequently 
found in over-the-counter formulations, a careful inventory of the patient’s entire 
medication list is necessary to prevent exceeding the recommended daily dose [22]. 
Finally, since chemotherapy may impact liver function, appropriate lab work should 
be reviewed and necessary changes be made in prescribing agents in those individu-
als with an impaired function.

NSAIDs have analgesic, anti-inflammatory, and antipyretic properties. They 
inhibit the enzyme cyclooxygenase and block the synthesis of prostaglandins 
which act as mediators of inflammation that activate peripheral nociceptors [39]. 
Endoscopic evidence of gastrointestinal bleeding can be found in as little as 
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1 week of nonspecific NSAID therapy [40]. Additional toxicities include, but are 
not limited to, impairment of renal function, worsening of hypertension, and an 
increased risk of cardiovascular events. There are many NSAIDs to choose from 
with no appreciable differences in effectiveness at equianalgesic dosing. 
Ketorolac is an injectable NSAID that has important opioid-sparing effects; how-
ever, administration should be limited to several days to prevent renal and other 
side effects. Celecoxib is an available COX-2-specific inhibitor that exhibits less 
gastrointestinal distress and bleeding, especially if not taken for prolonged peri-
ods of time.

As a nonopioid, aspirin is one of the oldest analgesics. Its use is limited in the 
oncology patient population because of its high incidence of gastrointestinal side 
effects and inhibition of platelet aggregation [41]. Nonacetylated salicylates such as 
choline magnesium trisalicylate have less effect on platelet aggregation and no 
effect on bleeding times and may serve as an alternative when an anti-inflammatory 
agent is desirable [23].

Tramadol is a unique analgesic that is generally used for mild to moderate pain. 
Tramadol is a centrally acting analgesic with a dual mechanism of action. It weakly 
binds to the mu opioid receptor and inhibits the reuptake of norepinephrine and 
serotonin [42, 43]. Although its release into the pharmaceutical market was after the 
WHO guidelines were established, tramadol has been considered a Step 2 agent. An 
immediate and a long-acting preparation are available [44]. Fifty milligrams of tra-
madol is equivalent to 60 mg of codeine [42, 43]. A typical starting dose is 50 mg 
given orally every 6 h. This can be titrated up to 100 mg every 6 h; however, the dose 
should not exceed 300 mg daily for those over 75 years of age or more than 50 mg 
twice a day for patients with significant liver disease. One study examined a group 
of oncology patients with neuropathic pain randomized to receive either placebo or 
tramadol. The tramadol was titrated as needed to control pain. A statistically signifi-
cant decrease in pain was found in the tramadol group compared to the placebo 
group. This was independent of changes in anxiety and depression [45]. For patients 
with moderate to severe pain, a timed-release version of tramadol is available for 
once-a-day dosing. Doses are limited to a maximum of 300 mg per day. Since tra-
madol lowers the threshold for seizures, its use is not recommended in those with a 
history of seizures. Side effects include nausea, dizziness, sedation, constipation, 
and headache [45].

Despite mostly unsubstantiated concerns of addiction, opioids remain the gold 
standard of analgesia therapy for patients with moderate to severe pain. When a 
patient is first prescribed opioids, they, too, may raise concerns regarding addiction. 
At this time, it is imperative for the clinician to educate the patient on their con-
cerns, emphasizing that opioids have resulted in addiction in some patients; this is 
not common. In addition, as health-care providers, assessments need to be made 
routinely regarding misuse of opioids. Care must be given when prescribing opioids 
to patients with a prior history of substance abuse or a family history of substance 
abuse. These patients may benefit from ongoing participation with behavioral thera-
pists, 12-step treatment meetings where appropriate, pill counts from their opioid 
bottles, and urine toxicology screening.
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Opioids are effective for many pain conditions and are relatively easy to titrate. 
Any patient who did not respond with adequate relief of their cancer pain with Step 
1 drugs is a candidate for opioid therapy. Analgesia is achieved by binding to the 
mu, delta, and kappa receptors in the central and peripheral nervous system. Opioids 
used for cancer pain are typically full agonists as opposed to partial agonists or 
mixed agonists-antagonists, since there are no ceiling doses of these agents. It is 
critical to understand the individual attributes of each opioid in order to make the 
best selection for the individual patient. Treatment is contingent upon appropriate 
titration and management of side effects.

Short-acting opioids are recommended when the patient has intermittent pain, 
acute pain, or breakthrough pain. They have a relatively fast onset of action com-
pared to timed-release opioids. One example of a Step 2 opioid is codeine. Codeine 
acts as an analgesic by its metabolism to morphine in the liver. The enzyme respon-
sible for this conversion is absent in 10% of the Caucasian population in which case 
there is no analgesic effect [46].

Codeine is usually formulated with acetaminophen. A typical starting dose is 
30  mg codeine given every 4  h. If a total dose of acetaminophen exceeds three 
grams per day, then a stronger opioid should be initiated and the codeine discontin-
ued. Hydrocodone is also a Step 2 opioid. Hydrocodone is a semisynthetic opioid 
derived from codeine and thebaine. Hydrocodone is metabolized by the liver into 
several metabolites and has a serum half-life of 4 h [47]. The hepatic cytochrome 
P450 enzyme, CYP2D6, converts the hydrocodone into hydromorphone. CYP2D6 
poor metabolizers (about 10% of the Caucasian population) lack this metabolic 
pathway, thus limiting its effectiveness. Hydrocodone is typically formulated with 
either acetaminophen or ibuprofen, and a usual starting dose is 5 mg of hydroco-
done every 4 h. This can be increased, as needed, until the ceiling dose of the nono-
pioid is reached (3 g of acetaminophen or 2400 mg of ibuprofen). Oxycodone is a 
popular Step 2 agent. It is available in both a short-acting and long-acting formula-
tion. In its short-acting form, it may or may not be combined with a nonopioid. The 
usual starting dose is 5 mg every 4 h and its half-life is 2–3 h [23].

For patients with severe pain or patients with pain uncontrolled with Step 2 
drugs, Step 3 opioids are available. These include morphine, oxycodone, hydromor-
phone, oxymorphone, fentanyl, and methadone. Morphine is the most widely avail-
able opioid worldwide. It is available in both short-acting and long-acting 
preparations. It may be administered orally, rectally, subcutaneously, parentally, 
epidurally, or intrathecally. It is the opioid in which all other opioids are compared 
to in the determination of equianalgesic dosing. Morphine is subject to the first pass 
phenomena with a large percent metabolized by the liver. It is converted to morphine-
3-glucuronide and morphine-6-glucuronide. Morphine-6-glucuronide can accumu-
late in the presence of renal insufficiency, making it a poor choice in those with 
renal disease. The half-life of morphine is 2–3  h. A typical starting dose for 
immediate-release morphine is 10  mg orally every 4  h in opioid-naïve patients. 
However, if the patient is suffering from chronic constant pain, then a timed-release 
formulation should be used. It is often recommended to establish analgesia with 
short-acting morphine and then convert the total daily dose to the long-acting 
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formulation. Depending on the manufacturer, the recommended dose of extended-
release morphine may be every 8 h to every 24 h. Short-acting morphine should be 
available for breakthrough pain during the titration of the long-acting morphine. 
The long-acting morphine’s dose can be increased every 2–3 days as needed. As of 
2007, 54 studies examined the efficacy of morphine in the treatment of oncology 
patients [47]. Many studies were conducted examining the various available timed-
release morphine preparations. All of the studies confirmed morphine as a good 
opioid analgesic for the treatment of cancer pain. Side effects more specific to mor-
phine include asthma and pruritus due to histamine release.

Another Step 3 opioid is oxycodone which is one of the most versatile of all the 
opioids. It is synthesized from the opium derivative thebaine. Timed-release oxyco-
done is formulated to have both an immediate- and long-acting component. Thirty-
eight percent of the timed-release oxycodone is released immediately with a peak 
serum level at 37 min for the immediate-release component. An active liver metabo-
lite, oxymorphone, accumulates in only a small amount in those with renal impair-
ment [48]. Dosing of the timed-release formulation is every 12  h with a typical 
starting dose of 10 mg in the opioid-naïve patient, as defined by patients who are on 
at least 60 mg of morphine a day or fentanyl patch of 25 μg per hour or 30 mg of 
oxycodone a day or 8  mg of hydromorphone a day or 25  mg of oxymorphone. 
Timed-release oxycodone can be increased every 24 h as tolerated. Demonstrated 
effectiveness in reducing pain in oncology patients has been published [49–51].

Hydromorphone is a semisynthetic derivative of morphine with activity at the 
mu receptor but with low affinity at the kappa receptor. It is available in oral, rectal, 
and intravenous formulations. A timed-release version is available. The half-life of 
immediate-release hydromorphone is 2–3 h, with starting doses of 2–4 mg every 4 h 
in an opioid-naïve patient.

Oxymorphone is a Step 3 opioid that is available both as a short- and a long-
acting opioid. It is an active metabolite of oxycodone. Oxymorphone produces anal-
gesia by its effects at the mu and delta opioid receptor [52]. It has been shown to 
provide pain relief for moderate to severe cancer pain equivalent to morphine [53] 
but requiring less breakthrough pain medication than that needed with timed-release 
morphine. The short-acting formulation’s half-life is 7–9 h with a typical dosing 
interval of 6 h [54]. It is metabolized in the liver to oxymorphone-3-glucuronide and 
6-hydroxyoxymorphine, the latter being an active metabolite [54]. It is renally 
excreted; thus, caution must be used in the setting of renal insufficiency.

Fentanyl is a synthetic opioid that is a selective mu receptor agonist [55]. 
Preparations include a short-acting oral agent or transdermal long-acting opioid and 
are also available for parental, epidural, and intrathecal use. Fentanyl preparations 
are on the third step of the WHO ladder and have been extensively studied for use 
in oncology patients [56–58]. The transdermal long-acting fentanyl is a good choice 
for patients who cannot take oral medications or when compliance with multiple 
daily doses of opioids is poor [10]. It is metabolized in the liver to an inactive 
metabolite. When administered intravenously, fentanyl provides rapid analgesia 
with minimal effects on the hemodynamic state of the patient [55]. Initiation of 
fentanyl patches in patients who have been exposed to low-dose opioids commences 
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at 25 μg per hour patch applied every 72 h. Analgesia with the patch occurs via 
transfer of this lipophilic drug through the skin into the circulation. Analgesia typi-
cally starts 12–24 h after initial application. If analgesia does not occur after 72 h, 
the dose can be increased; however, subsequent increases in dosage should occur 
every 6 days due to the prolonged length of time for this drug to reach a steady-state 
level. Several formulations of short-acting fentanyl exist. Oral transmucosal fen-
tanyl citrate allows for 25% of the dose to be absorbed reaching the central nervous 
system within 3–5 min where it binds to the mu receptor. Maximum concentration 
is reached within 20–30 min after which time serum levels rapidly decrease. The 
starting dose is 200 μg, and this dose can be increased at the next administration if 
analgesia does not occur. There is no correlation between the amount of transmuco-
sal fentanyl needed to treat breakthrough pain and the long-acting opioid dose that 
the patient is receiving [59]. Several other formulations of short-acting fentanyl are 
available. One buccal effervescent preparation results in 50% of the drug being 
absorbed, thus allowing for a decreased dose needed than with the oral transmuco-
sal fentanyl citrate.

Methadone is a long-acting opioid that is used in Step 3 of the ladder. It offers 
a unique property not seen in other opioids in its ability to inhibit the N-methyl-
d-aspartate receptor [60–62]. In a study of cancer patients with either uncon-
trolled pain or intolerable side effects, when switched to methadone, 80% of the 
patients had improvements of their pain [63]. Methadone is considered a difficult 
drug to use since its plasma half-life averages 24 h but ranges from 15 to 190 h 
[62]. This is due to methadone binding to extravascular sites and then being slowly 
released into the bloodstream. Despite this, its analgesia half-life is 4–6 h [64]. 
This confers a risk of delayed toxicity including sedation and respiratory depres-
sion. Therefore, if methadone is to be given, it must be started at a low dose and 
titrated very slowly. It is typically dosed two to three times a day. If changing from 
another long-acting opioid to methadone, it should be done by slowly initiating 
methadone at low doses while consecutively reducing the dose of the existing 
opioid. This reflects the variable equianalgesic ratio of methadone to other opi-
oids. In doses above 300 mg, there is a risk of QT prolongation and torsades de 
pointes. Other risks include hypokalemia, hypomagnesemia, and congestive heart 
failure [65, 66]. Methadone is metabolized in the liver to inactive metabolites that 
are excreted in the urine and bile [67].

Although mixed agonist-antagonist opioid analgesics are typically not recom-
mended for the treatment of oncology patients, one agent has demonstrated effec-
tiveness in this patient population. Buprenorphine is a semisynthetic opioid derived 
from thebaine and is available as a transdermal patch. It is a partial agonist at the mu 
receptor and the kappa receptor, while a weak agonist at the sigma receptor. 
Buprenorphine binding and dissociation from the mu receptor is delayed, giving it 
a slow onset and long duration of action, which explains why it takes several days 
to reach stable steady state. The medication is delivered via a patch taking 12 h to 
produce analgesia. As opposed to the pure opioid agents, buprenorphine has a ceil-
ing dose and is not appropriate for patients who are already on an equivalent of 
300 mg of oral morphine per day. Analgesia has been demonstrated in the oncology 
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patient population with moderate to severe pain. If placed on the WHO ladder, it 
most likely would be a Step 3 agent.

Not included in the original WHO ladder, tapentadol is a newer centrally acting 
analgesic that also has a dual mode of action. It is an agonist of the mu opioid recep-
tor and a norepinephrine reuptake inhibitor. This agent is similar to tramadol but 
more potent. Phase III clinical studies revealed a comparable analgesic effect to 
immediate-release oxycodone but with a statistically significant lower incidence of 
nausea, vomiting, and constipation [68, 69]. A typical starting dose of tapentadol is 
50 mg given every 4–6 h as needed. Dosing above 700 mg total for the first day and 
600 mg afterwards is not recommended. Based on the attributes of this drug, it most 
likely would be a Step 3 agent.

Despite having multiple opioid analgesics available, comparative clinical trials 
have not demonstrated differences in efficacy and side effects among timed-release 
morphine, timed-release oxycodone, and transdermal fentanyl [70]. In order to 
achieve analgesia, familiarity must be gained with a broad group of analgesics so 
appropriate selection and titration is accomplished. Most oncology patients prefer 
oral analgesic therapy [30–34, 71]. If oral medication cannot be used, transdermal 
fentanyl is an option [72]. Intramuscular injections are not recommended due to 
pain inflicted from the injection [30, 33]. When changing from one opioid to another, 
equianalgesic conversion tables should serve as guidelines. The calculated dose 
should be reduced by 25–50% due to incomplete cross-tolerance between opioids 
[31, 32]. As discussed above, conversion to methadone requires a reduction up to 
90% due to its ultra-long half-life and potential for side effects [73]. Although 
meperidine is a Step 3 opioid, its use in oncology is extremely limited due to its 
short duration of action and toxicity. It is rarely given, except in cases of postopera-
tive shivering. If used, it is not recommended for more than 48 h not to exceed 
600 mg per day [74]. Its active metabolite, normeperidine, may produce seizures, 
myoclonus, and twitches [75]. If renal insufficiency is present, this risk is further 
heightened.

If the patient has severe, uncontrolled pain, intravenous patient-controlled anal-
gesia should be started. Once analgesia is achieved, an attempt can be made at 
converting to an opioid in a non-parental formulation. If parental opioids are not 
available, titration of the opioid, based on its individual properties, is necessary to 
achieve analgesia. Since breakthrough pain is present in up to two-thirds of oncol-
ogy patients [76], breakthrough opioids are often needed. The dose typically given 
is one-sixth the dose of the total daily opioid.

Tolerance may develop to opioids, which require an increasing dose of opioid to 
achieve the same analgesic effect. Tolerance to long-acting opioids is most likely 
lower than for short-acting opioids. If a patient that had been stable on a constant 
dose of opioids develops worsening pain, it is necessary to evaluate for progression 
of the disease [77].

Initial administration of opioids, especially in the opioid-naïve patient, may 
result in side effects. Most side effects are manageable and diminish with time; 
however, it is necessary that clinicians are able to anticipate and treat these condi-
tions. Nausea is a common side effect due to stimulation of opioid receptors in the 
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medulla [9]. Nausea may occur with initiation of an opioid or with an increase in 
the opioid dose. The incidence is reported to be 40% when morphine is given [78]. 
If this occurs, treatment with an antiemetic is indicated until symptoms resolve. If 
nausea and/or vomiting persists despite treatment for several days, another opioid 
should be considered [30–32, 34]. If the nausea is not treated and a conversion to 
another opioid is made, there is a good chance that the nausea will persist. If nau-
sea is the result of intestinal obstruction, then subcutaneous octreotide may be 
given [78].

Constipation is a side effect that persists for patients receiving daily opioids. It is 
the result of opioid receptor binding both centrally and peripherally. Forty percent 
of patients on oral morphine were constipated in one study [79]. No firm evidence 
exists that one opioid is less constipating than another in equianalgesic dosing. 
Once opioid treatment is started, the patient should receive a daily stool softener 
plus propellant, such as senna, and continued as long as loose stool or diarrhea is not 
present. Enemas should be avoided since there is a higher risk of neutropenia in the 
oncology patient population.

The majority of patients that experience sedation with opioids do so only for a 
brief period of time following the initiation or dose escalation of opioids. If sedation 
persists, then another opioid may be considered. If, despite changing the opioid, 
sedation is still bothersome, the addition of methylphenidate in the morning at 
5–10 mg with a second dose in the afternoon is a reasonable treatment [80].

Although opioids can depress the rate and depth of respiration, this is more com-
mon in the opioid-naïve patient [81]. If standard guidelines are followed, this effect 
is extremely rare. This risk is also minimized by paying close attention to other 
drugs that the patient may be taking, such as benzodiazepines, barbiturates, alcohol, 
and other sedatives that may accentuate the respiratory depression [4]. In the event 
that it occurs, opioid-induced respiratory depression can be reversed with naloxone 
in 0.4–2 mg every 2–3 min until complete reversal of the opioid is made or to a 
maximum dose of 10 mg. During this time, the patient’s airway should be assessed 
and protected if compromised.

Unsubstantiated concerns regarding psychological addiction have been a cause 
that has prevented many clinicians from either prescribing or appropriately titrat-
ing opioids [82]. Psychological addition is a primary, chronic neurobiological 
disease with genetic, psychosocial, and environmental factors. Warning signs of 
addiction include the inability to control how much opioid is consumed, preoc-
cupation with opioids, and negative consequences from using opioids such as loss 
of relationships and employment [83, 84]. For example, behavioral changes, 
motor vehicle accidents, or personal injuries may result from obtaining opioids 
from multiple sources. The incidence of psychological addiction among the can-
cer patient population is 7.7% [85–88]. Confusion exists for many between the 
terms of physical addiction and physical dependence. Physical dependence occurs 
with multiple classes of drugs. It simply means that if a patient is maintained on 
drugs and the drug is abruptly discontinued, then signs of withdrawal would 
occur. In the case of opioids, this may be manifested with shakiness, lacrimation, 
goose skin flesh, abdominal cramping, tachycardia, hypertension, yawning, 
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dilated pupils, and severe pain. Exhibiting signs of withdrawal does not confer an 
association to psychological addiction.

14.5	 �Neuropathic Pain

It is estimated that 40–50% oncology patients suffer with neuropathic pain. Although 
some patients with neuropathic pain respond to opioids, there are some that either 
do not respond or only respond to large doses of opioids [89]. It is quite common for 
a sarcoma patient to suffer from both neuropathic and nociceptive pain. Oftentimes 
they are discharged postoperatively with an opioid analgesic. However, in some 
cases, it becomes a challenge to wean off the opioids. In these cases, a thorough 
assessment is needed for the presence of neuropathic pain. The addition of a neuro-
modulating agent and evaluation for nerve blocks will often lead to a significant 
reduction in pain. When neuropathic pain is present, mu opioid receptors are down-
regulated in the dorsal spinal cord probably through activation of the NMDA recep-
tors [90]. Much of the treatment of neuropathic pain focuses on the use of adjuvant 
agents, which are defined as drugs indicated for more than one condition. For exam-
ple, antidepressants are frequently employed in the treatment of pain due to their 
mechanism of action even in the absence of depression in the patient for which it is 
prescribed. Much of the treatment of neuropathic pain is an extrapolation of large 
randomized placebo-controlled studies examining outcomes for patients with 
postherpetic neuralgia and diabetic peripheral neuropathy. These two neuropathic 
disease states are more frequently studied since they are relatively common, thus 
allowing for recruitment of sufficient number of patients. Although there are studies 
specifically focusing on oncologic neuropathic pain, many either have a small sam-
ple size or exist as case reports. Antidepressants have been used to treat a variety of 
neuropathic pain states [91, 92]. The type most widely studied has been the tricyclic 
antidepressants which produced analgesia as a result of serotonin and norepineph-
rine inhibition directly at the spinal cord level. The ability to decrease pain has been 
demonstrated even in the absence of comorbid depression [93]. Amitriptyline, nor-
triptyline, and desipramine are commonly used as a once-daily dose often starting 
as low as 10 mg to prevent side effects. They are typically titrated in 10 mg incre-
ments to doses of 75–100  mg, although there are some patients who either will 
require less or more. The dose needed to control pain is generally less than that to 
alleviate depression. Nonetheless, a period of 3  weeks is often needed before a 
response is observed. Anticholinergic side effects often limit the use of the tricyclic 
antidepressants with amitriptyline having the greatest amount of these side effects 
and desipramine the least. Examples of anticholinergic effects include tachycardia, 
constipation, orthostatic hypotension, sedation, dry mouth, and arrhythmias [94, 
95]. Additionally, the tricyclic antidepressants are contraindicated in patients with 
glaucoma and urinary retention and with caution in those with cardiovascular dis-
ease [96].

Duloxetine is an antidepressant indicated for the treatment of painful diabetic 
neuropathy, fibromyalgia, chronic musculoskeletal pain, and depression, although 
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its use has extended to neuropathic oncology pain. Initiation is with 20 mg daily 
increasing the dose weekly by 20 mg until a total daily dose of 60 mg is reached. 
There are case reports of irreversible hepatocellular necrosis and should not be pre-
scribed to those with substantial alcohol intake or chronic liver disease.

Although antiepileptic agents have had a role in treating neuropathic pain, gaba-
pentin and pregabalin have been the most commonly used agents. Both agents also 
have the added benefit of not interfering with hepatic enzymes [96]. Gabapentin 
has been approved for the treatment of postherpetic neuralgia. In addition to 
postherpetic neuralgia, pregabalin is approved for diabetic painful neuropathy and 
fibromyalgia [97–101]. Further support for the use of gabapentin specifically for 
the use in oncology neuropathic pain has been published [102, 103]. There are 
several formulations available, including once-a-day dosing. In addition, when 
opioids are combined with gabapentin, there often is a synergistic reduction of 
neuropathic pain [104].

Topical medications are one strategy aimed at targeting peripheral receptors. 
Transdermal lidocaine has been used for the treatment of postherpetic neuralgia and 
in patients with allodynia due to different neuropathic pain states [105]. Up to three 
patches may be applied to the painful area: 12 out of 24 h. Use of transdermal lido-
caine has extended outside of postherpetic neuralgia, mostly for neuropathic pain 
but also for nociceptive musculoskeletal pain, and is generally well tolerated.

The NMDA receptor antagonist, ketamine, has been used to treat neuropathic 
pain. In one study, ketamine decreased pain by 20–30% in cancer neuropathic pain 
that was already treated with opioids. This also leads to a 25–50% reduction in opi-
oid use [106].

In 2010, the European Federation of Neurological Societies Task Force estab-
lished their guidelines for treatment of neuropathic pain. These guidelines were 
established using the Cochrane Database and Medicine Class I or II randomized 
controlled trials for treating neuropathic pain from a variety of sources. First-line 
treatment for neuropathic pain in the non-oncology patient was tricyclic antidepres-
sants, gabapentin, and pregabalin, and first-line treatment for neuropathic pain in 
the oncology patient population was gabapentin, tricyclic antidepressants, tramadol, 
gabapentin combined with tricyclic antidepressant, and gabapentin combined with 
opioids [107].

In addition to neuropathic pain, there are several other categories of adjuvant 
agents that are frequently used with the oncology patient. Corticosteroids are used 
for a variety of conditions that may contribute to cancer pain. Examples include 
nerve compression, spinal cord compression, bone metastasis, distension of the 
liver capsule, increased intracranial pressure, lymphedema, superior vena cava syn-
drome, and plexopathies. This group of drugs is highly effective at inhibiting pros-
taglandin synthesis and reducing neural tissue edema [22, 108, 109]. Dosing may be 
1–2 mg twice daily all the way up to 100 mg oral or intravenous dosing for true 
neurosurgical emergencies. Once the underlying situation has been stabilized, doses 
of 4–6 mg orally given every 6 h are typical [110]. The duration of steroid therapy 
is generally short to reduce the incidence of steroid-induced osteoporosis or proxi-
mal myopathy [34]. The bisphosphonate drugs ameliorate the pain from bone 
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metastasis as well. Drugs such as pamidronate, zoledronic acid, and clodronate act 
by inhibiting osteoclast activity [111–113]. Opioid consumption has been reduced 
by 20–50% in patients with bone metastasis who received pamidronate [114, 115].

14.6	 �Phantom Limb Pain

One type of neuropathic pain syndrome that may be seen in the sarcoma patient 
population is phantom limb pain following major amputation or resection of periph-
eral nerves. Phantom limb pain is defined as a noxious sensation where the limb 
existed [116–119]. Descriptions of the pain vary widely: from lancinating, cramp-
ing, and burning to sharp, pins and needles, itching, aching, crushing, and grinding 
[117, 120, 121]. The pain typically occurs in the distal region of the phantom limb 
[121] and rarely follows the distribution of the severed nerve [116].

Many reports have been published regarding the incidence of phantom pain. In a 
survey of 590 veteran amputees, 55% reported phantom pain, and 56% reported 
pain in their stump [122]. Up to 88% of patients undergoing hip disarticulation or 
hemipelvectomy suffer from phantom limb pain, supporting Roth and Sugarbaker’s 
finding that the higher the level of lower extremity amputation, the greater the inci-
dence of moderate to severe pain [123, 124].

Phantom limb pain occurs soon after amputation and can last indefinitely [125]. 
One study found that phantom limb pain occurred within 8 days after amputation in 
72% of adult patients [126]. It has been observed that the incidence of phantom pain 
did not decrease 6 months following amputation, although there was a decrease in 
the duration of their intermittent pain exacerbations [127]. In 3–10% of amputees, 
the pain is chronic and severe [122]. There are several factors that influence the 
development and severity of the pain. Preamputation pain is a risk factor, with pain 
experienced months or years before, now re-experienced as phantom pain [126]. 
Another factor that may be associated with phantom pain is chemotherapy, espe-
cially those agents known to cause peripheral neurotoxicity [128, 129]. In a study of 
pediatric amputees, the incidence of phantom pain was 74% in patients who received 
either vincristine or cis-platinum prior to amputation, compared to 44% in patients 
who began their chemotherapy postamputation [128].

Although children can experience phantom sensation, the incidence of phantom limb 
pain is lower in the pediatric population compared to adults [130]. In a retrospective 
study of 75 pediatric patients, 48% of those with amputations necessitated by cancer and 
12% of those who had traumatic amputations reported phantom limb pain [128].

The establishment of analgesia prior to surgical incision (preemptive analgesia) 
may help control postoperative pain by preventing the transmission of noxious 
afferent input from the periphery to the spinal cord [131, 132]. Otherwise, a pro-
longed state of central neural sensitization and hyperexcitability could occur that 
would amplify future input from the amputated site [133]. Epidural and epineural 
analgesia, given perioperatively and postoperatively, have revolutionized the ability 
to manage the pain. With these techniques, the need for postoperative opioids, as 
well as their associated side effects, has decreased.
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Epidural infusions of morphine, bupivacaine, and clonidine initiated preop-
eratively for 24–48  h and continued for at least 3  days postoperatively have 
decreased the incidence of phantom limb pain to 8%, compared to the 73% inci-
dence in the control group [134]. Postamputation analgesia and prevention of 
lower extremity phantom limb pain have been investigated using infusions of 
local anesthetics placed into a nerve sheath via a catheter at the time of amputa-
tion [135, 136]. Regional anesthetic techniques offer many advantages of pain 
control during the perioperative and postoperative periods. A study by Malawer 
et al. demonstrated when local anesthetic is directly administered into the periph-
eral nerve sheath following an amputation, an 80% reduction in narcotic require-
ment ensued [136].

As with other causes of neuropathic pain, pharmacotherapy with anticonvulsants 
and antidepressants is frequently used to treat phantom limb pain. In addition, sev-
eral infusion therapies have been reported. MacFarlane et al. found that five daily 
doses of intravenous lidocaine (3 mg/kg) given over 30 min may produce prolonged 
relief [121]. Jaeger and Maier found that 200 IU of salmon calcitonin given via an 
intravenous infusion decreased phantom pain, with some patients requiring a sec-
ond infusion. At 1-year follow-up, 62% of amputees that received the calcitonin 
reported greater than a 75% reduction in pain. Pain relief extended to 2 years in 58% 
of patients [137].

A great deal of excitement has been generated regarding the use of NMDA 
antagonists in the treatment of neuropathic pain. The blockade of the NMDA recep-
tor may reduce central hyperexcitability. In a randomized, double-blind study of 
patients with persistent phantom limb pain, the NMDA receptor antagonist, ket-
amine, was given intravenously as a 0.1 mg/kg bolus over 5 min followed by an 
infusion of 7 μg/kg/min for up to 45 min. During the infusion and in some cases up 
to three later, ketamine relieved the pain in the phantom limb [138].

Although the above treatments appear promising for the treatment of phantom 
limb pain, some of the studies lacked sufficient power to conclude definitive treat-
ments for phantom limb pain. It was for this reason a systematic review of pharma-
cological treatment was published. Level 2 evidence is defined as conclusions based 
on one or more well-powered randomized controlled trials, whereas level 3 evi-
dence is defined as retrospective studies, open-label trials, or pilot studies. In this 
systematic review, level 2 evidence exists for the use of gabapentin, morphine, tra-
madol, and intravenous and epidural ketamine. Level 3 evidence exists for dextro-
methorphan, topiramate, intravenous calcitonin, memantine, and continuous 
perineural catheter analgesia with ropivacaine [139].

14.7	 �Role of a Multidisciplinary Team

In order to successfully treat the sarcoma patient, improvements need to be made on 
the available treatments. Pain assessments and aggressive interventions can be insti-
tuted to enable improved compliance and quality of life. This needs to be considered 
throughout the entire process, whether it be at diagnosis or during the peri- and 
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postoperative period. Neuropathic pain remains a challenge due to its difficulty to 
treat. With new drug development, this hurdle will likely be less of an obstacle.

For those sarcoma patients who require surgery, certain aspects of the enhanced 
recovery after surgery program can be considered. This program examines and indi-
vidualizes pre-, intra-, and postoperative care in regard to nutrition, thromboprophy-
laxis, stimulation of gut motility, avoidance of salt, and water overload and 
maintenance of normothermia to reduce overall complications [140].

There are patients who either have pain despite pharmacotherapy or who exhibit 
side effects from their therapy where a lower dose would serve as an advantage. For 
this reason, interdisciplinary and comprehensive pain management has become an 
important aspect in the treatment of cancer pain. This serves as an addition to tradi-
tional treatment, not as an alternative. Rehabilitation programs enable the patient to 
gain strength and balance to preserve as much autonomy as possible. Psychologists 
and other behavioral medicine therapists not only assist with the psychological dis-
tress associated with cancer and pain but teach patients strategies to reduce pain 
such as biofeedback, hypnosis, and guided imagery. Finally, a referral to a radiation 
oncologist may be beneficial if the tumor is sensitive to radiation.

With so many specialties involved, it is imperative to have appropriate team com-
munication. Without this, patients and their families can be overwhelmed with the 
number of health-care providers involved and may lack clarity regarding the roles 
individual providers provide. By instituting multidisciplinary conferences, appro-
priate treatment plans can be formulated and conveyed to the patient to facilitate the 
best chance of a pain-free outcome.
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15.1	 �Introduction

Patients with bone and soft tissue sarcoma are susceptible to multiple neurological 
and musculoskeletal impairments throughout the course of the disease and treat-
ment process, making rehabilitation an essential component of management [1]. 
Not only are the surgeries complex, requiring the involvement of multiple surgical 
disciplines, but multi-agent chemotherapy programs are employed along with high-
dose radiation treatments, all of which have the potential to result in significant 
functional impairments and negatively impact quality of life [2]. In addition to the 
rehabilitative considerations that must be made for all cancer patients, the disease 
process and treatment course of sarcoma result in unique impairments that require 
specific attention during rehabilitation. The focus of this section is to review how 
rehabilitation fits into the treatment model for patients with sarcoma.

15.2	 �Overview of Cancer Rehabilitation

The overall goal of cancer rehabilitation is to improve or maintain quality of life, 
function, and independence throughout the course of the disease process [3]. Using 
a multidisciplinary team approach, cancer rehabilitation aims to increase function, 
promote community reintegration, assist in psychosocial coping, lower burden of 
care, and manage comorbid conditions [3]. Cancer rehabilitation ultimately 
addresses impairments caused by the cancer itself, as well as cancer treatment, in an 
attempt to lessen the potential disability.
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15.2.1	 �Phases of Cancer Rehabilitation

Rehabilitation in patients with sarcoma may occur at any or multiple points during 
the course of the disease process. Cancer rehabilitation in general can be catego-
rized as preventative, restorative, supportive, and palliative [3]. The role of rehabili-
tation changes depending on where a patient is in this continuum [4].

15.2.1.1  �Preventative
While not yet routinely practiced in patients with an extremity sarcoma, general con-
sensus suggests that early intervention by a physiatrist can maximize functional out-
come and lower anxiety [5]. Preventative rehabilitation begins before or soon after 
treatment to stop functional loss or disability from occurring [3]. Rehabilitation that 
begins prior to cancer therapy has been termed “prehabilitation.” [6] During the preha-
bilitation period, the physiatrist assesses baseline level of function and endurance, pre-
existing physical deficits, and comorbidities that may impact a patient’s tolerance to 
treatment and overall outcome [6]. If pre-existing deficits are found, management may 
begin prior to cancer therapy and lead to a smoother transition postoperatively. This 
phase is especially relevant in patients that are projected to have significant morbidity 
following treatment, such as the patient with an extremity sarcoma requiring amputa-
tion [2]. In this circumstance, prehabilitation allows the physiatrist to familiarize the 
patient with the implications that are associated with their level of amputation. Referral 
to a peer support group or a psychiatrist to lessen the psychosocial burden is also appro-
priate prior to treatment, as there is significant stress associated with loss of a limb [5].

15.2.1.2  �Restorative
Restorative therapy occurs if surgery has been curative or the disease process is 
stable, with the goal of returning the patient to their prior level of function [6]. Early 
postsurgical rehabilitation for patients with sarcoma will be dictated by multiple 
factors including immediate postoperative condition, type of surgery, and restric-
tions on weight bearing and range of motion (ROM) [3]. Rehabilitation extending 
beyond the immediate postsurgical period is based on the type of surgery performed, 
amputation, or LSS, as well as any required adjuvant chemotherapy or radiation.

15.2.1.3  �Supportive/Palliative
In later stages of sarcoma, or in the case of metastatic disease, rehabilitation contin-
ues to play a role in maximizing patient independence, mobility, and comfort [7]. 
Supportive rehabilitation occurs during progressive disease and disability and 
focuses on regaining partial independence in daily activities [8]. Palliative rehabili-
tation aims to maintain comfort, quality of life, and functional independence in 
those in the terminal phases of cancer [8].

15.2.2	 �Constitutional Symptoms

Managing cancer-related symptoms during the rehabilitation process is a challeng-
ing, but necessary, component of care. Two of the most frequently encountered 

S. Agarwal et al.



297

symptoms in cancer patients are fatigue and pain [4]. In patients with sarcoma, 
these symptoms persist even into survivorship, further impacting the rehabilitation 
process [9].

The overall prevalence of chronic renal failure (CRF) is 70–100%, depending 
on type and stage of cancer and current anticancer treatments [4, 10]. CRF is not 
only problematic for patients during the active phase of their disease or treatment 
but can persist in disease-free survivors [11]. While CRF can be the result of 
cancer treatment, such as a chemotherapy-induced cascade of biological altera-
tions, or from the cancer itself it is likely multifactorial in nature [10]. If CRF is 
not addressed during the rehabilitation process, it may prevent successful func-
tional recovery and full participation in therapy [7]. Both pharmacological and 
non-pharmacological approaches are used to manage cancer-related fatigue, if no 
reversible sources are identified (Table 15.1).

Cancer-related pain presents another barrier to rehabilitation. The prevalence 
of pain in patients with sarcoma is about 53%, and the incidence of inadequately 
treated pain has been reported to be 63% [1]. Even after treatment of sarcoma, 
pain has been found to persist in some patients, which impacts physical function-
ing and quality of life [9], and can severely interfere with performing activities 
of daily living (ADLs) [12]. Cancer patients often experience overlapping pain 
syndromes that are mostly due to tumor effects, although cancer-related anxiety, 
depression, or distress can worsen pain [4]. A multimodal approach to pain man-
agement is often needed to achieve adequate pain control and should incorporate 
a combination of agents from multiple analgesic classes, anticancer treatments, 
interventional techniques, and manual approaches/modalities. Specifics regard-
ing pain management will be discussed in following sections, as well as in 
Chap. 14.

15.3	 �Impairments Caused by Sarcoma Treatment

The trend toward combined modality therapy in patients with extremity sarcomas is 
important from the rehabilitation perspective as surgery, chemotherapy, and radia-
tion all carry the potential to cause functional, neurological, and musculoskeletal 
impairments. Disease grade and stage, extent of surgical intervention, and side 

Table 15.1  Intervention for 
cancer-related fatigue in 
adults

Evaluate for and treat reversible causes of fatigue

Physical activity/exercise

Rehabilitation

Psychoeducation

Meditation, mindfulness-based stress reduction, cognitive 
behavioral stress management

Cognitive behavioral therapy for fatigue, depression, pain, and 
sleep

Yoga

Adapted from Berger et al. [10]
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effects from adjuvant therapy all influence the rehabilitation plan and functional 
outcome [5]. Rehabilitation addresses both the immediate and long-term impair-
ments caused by cancer treatments.

15.3.1	 �Impairments Caused by Adjuvant Therapy

Antineoplastic agents have the potential to cause significant functional limitations 
due to the neurotoxicity, cognitive dysfunction, cardiomyopathy, and pulmonary 
fibrosis that occurs from disruption of normal tissue [4]. Regimens in patients 
with sarcoma that use platinum and vinca alkaloids are associated with inactivity 
into survivorship [13, 14]. While chemotherapy-induced peripheral neuropathy is 
likely to diminish following treatment of extremity sarcomas, mild neurotoxicity, 
from prior cisplatin exposure, can persist into survivorship [15]. Lastly, chemo-
therapy may accelerate skin changes from radiation therapy and delay prosthetic 
fitting [16].

Patients with sarcoma are frequently given radiation at doses that make them 
susceptible to the negative consequences of the treatment [2]. Radiation fibrosis 
syndrome (RFS) is a late manifestation of radiation treatment and describes the 
clinical manifestations of the pathological fibrotic tissue sclerosis that results after 
radiation treatment due to vascular dysfunction and the abnormal accumulation of 
thrombin [17]. This subsequent fibrosis occurs to some degree in all muscles and 
connective tissue in the radiation field, resulting in various consequences [4]. 
Postradiation, tendons and ligaments become fibrotic, resulting in loss of elasticity, 
shortening, and contracture, which can then impair function and ROM [17]. In chil-
dren, functional impairment may result from leg-length discrepancies due to disrup-
tion of epiphyseal plates, and scoliosis can occur secondarily [17]. Osteoporosis and 
osteopenia are common after radiation, which disrupts the integrity of bones and 
makes patients susceptible to fractures [17]. Effects of radiation can be seen over-
time, and, even after radiation therapy is completed, functional status should be 
assessed regularly.

Patients with bone or soft tissue sarcoma near the axilla or groin are particularly 
susceptible to developing lymphedema, due to the close proximity to major lym-
phatic channels and lymph node complexes [18]. Lymphedema is the accumulation 
of protein-rich lymph fluid in the extracellular spaces and can result either from 
obstruction of lymphatic channels from radiation or surgical destruction of lymph 
nodes/vessels [1]. Due to increases in protein concentration, colloid osmotic pres-
sure increases, pulling fluid into the interstitium, causing inflammation, adipose 
tissue hypertrophy, and fibrosis [1]. Increases in the size and weight of the limb 
from the soft tissue swelling result in pain, postural dysfunction, impaired mobility, 
and limited joint movement [19]. Consequently, patients struggle to perform their 
activities of daily living and have altered body image, psychosocial function, and 
quality of life [19]. Lymphedema may also lead to skin infections, hyperkeratosis, 
and papillomatosis [1].
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15.3.2	 �Surgery-Related Impairments

Extent, location, and type of tumor are important factors in determining the primary 
impairments after surgical intervention. The type of surgery performed on a patient 
with sarcoma, limb salvage surgery (LSS) vs. amputation, will also cause distinct 
impairments. Survival and oncologic outcomes are the primary consideration when 
deciding between surgical approaches; however, function and cosmetic appearance 
are secondary considerations in the decision [5].

15.3.2.1  �Limb Salvage Surgery
LSS is a surgical approach that attempts to avoid amputation but, often, at the 
expense of damaging many anatomical areas [8]. As a result of the expansive tissue 
destruction, patients are at risk for a variety of functional complications such as loss 
of ROM, muscle weakness, poor motor control, leg-length discrepancies, gait 
impairments, and pain. Site-specific impairments that occur based on anatomical 
location should be monitored for during the rehabilitation process and are listed 
below in order of the most commonly effected site.

15.3.2.2  �Distal Femur/Knee Joint
The distal femur/knee joint is the most common location for extremity sarcomas 
[7]. As compared to proximal femur resections, distal femur resection lends to bet-
ter functional outcomes, as there is a lack of important muscles originating or insert-
ing at this site [20]. While uncommon, peroneal, femoral, and tibialis nerve 
impairment can occur and negatively impact gait mechanics [7]. Additionally, post-
operative patients can develop leg-length discrepancies [7]. Despite these potential 
functional impairments, with aggressive physical therapy, these patients may be 
able to walk without a limp [20].

15.3.2.3  �Proximal Tibia/Knee Joint
Involvement of this region has a high impact on functional outcome. The patellar 
tendon inserts on the proximal tibia, and disruption of this attachment can cause 
weakness in knee extension [20]. Loss of ROM is common in patients undergoing 
LSS and results in poorer functional outcomes [21]. When loss of ROM occurs at 
the knee, a crucial component of the gait cycle, patients may compensate by hip 
hiking or circumduction in order to clear the extremity during swing phase [21]. 
Alterations in gait mechanics are problematic as they compromise joint and tissue 
integrity [21]. As with distal femur involvement, peroneal nerve palsy and leg-
length discrepancies may occur [7].

15.3.2.4  �Shoulder/GHJ/Scapula
Hand dominance is an important factor to consider when evaluating possible func-
tional limitations in patients with a bone or soft tissue sarcoma involving the 
humerus or gleno-humeral joint (GHJ). If the dominant hand is affected, the patient 
may have difficulty performing ADLs and completing tasks that require the use of 
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fine motor skills [22]. As opposed to patients who require forequarter amputations, 
patients who undergo LSS are able to retain their hand function [22]. Despite ther-
apy, however, above shoulder hand activities are generally lost [8]. Patients who 
undergo intra-articular resection, where the glenoid and deltoid musculature are 
preserved, may recover some shoulder function (shoulder motion >90°), as opposed 
to patients undergoing an extra-articular resection in which shoulder function is lost 
[20]. Additionally, when the proximal humerus and glenohumeral joint is affected, 
the deltoid muscle and axillary nerve are almost always involved, leading to diffi-
culty with posturing the head, neck, and shoulder [7].

15.3.2.5  �Proximal Femur/Hip Joint
Proximal femur resections can lead to significant impairment due to the potential 
involvement of the hip flexors, extensors, and abductors [20]. Oftentimes, hip 
abductors are weakened resulting in a Trendelenburg gait [20, 22]. This gait pattern 
accommodates ipsilateral hip abduction weakness during stance phase but can lead 
to complications such as low back pain and increased energy expenditure [21]. With 
hamstring muscle or sciatic nerve compromise, patients develop altered gaits due to 
knee flexion contractures and ankle instability [20]. Knee dysfunction may also 
result from quadriceps or femoral nerve destruction, and patients may have diffi-
culty maintaining the stance phase of the gait cycle [20].

15.3.2.6  �Pelvis
Pelvic resections can be external or internal hemipelvectomies, the latter being sub-
classified into Type I (iliac bone), Type II (periacetabular), Type III (ischiopubic), 
Type IV (en bloc resection of the ilium and sacral ala), or combinations [7]. 
Impairments in this anatomically complex region differ depending on both surgical 
technique and anatomical location. Type I resection preserves the hip joint and gen-
erally allows for function to be maintained [20]. Sacrifice of the ilium in these 
patients may result in a leg-length discrepancy, due to the proximal rotation of the 
remaining portion of the pelvis [20]. In patients undergoing Type II, resections the 
risk for functional impairment is dependent on the type of reconstruction. Those 
who undergo no or minimal reconstruction progress slower in terms of mobiliza-
tion, stability, and weight-bearing ability but have shorter surgical times and fewer 
complications, compared to those that undergo pelvic reconstruction [20, 23]. 
Patients with a “flail extremity” may also have slower walking speeds, but their gait 
cycles are not significantly different than those undergoing more extensive and sur-
gically complicated reconstructions [23]. Type III resections involving loss of the 
ischium produce an unbalanced and uncomfortable sitting surface [22]. Lastly, pel-
vic girdle involvement may also cause injury affecting the bladder, bowel, or uterus.

15.3.2.7  �Amputation
For the subset of patients with sarcoma that require amputation, disability is largely 
dictated by level [6]. Functional concerns also differ depending on upper and lower 
extremity involvement. Considerations regarding handedness, vocation, ADLs, and 
recreational activities are important factors that play a role in functional outcomes 
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for patients undergoing upper extremity amputation [6]. Level of amputation, 
whether above the elbow or below, plays a large role in determining function, as 
preservation of the elbow joint generally allows for better outcomes. Furthermore, 
for patients who undergo a forequarter amputation, the ability to obtain a functional 
prosthesis is rare, due to the lack of bony/muscular framework on which to suspend 
the prosthesis [22].

In regard to lower extremity amputation, both the affected and non-affected limb 
need be assessed, as both will affect ambulation, sitting posture, and standing bal-
ance [6]. Pre-existing motor or sensory deficits in the non-amputated limb limit 
weight bearing, balance, and ambulation [6]. Additionally, the level of amputation, 
whether proximal or distal, will impact energy expenditure and disability in lower 
extremity amputations. Normal ambulation requires 3 METs (metabolic equivalent 
tasks), and this requirement increases after amputation based on level of amputation 
and whether or not a prosthetic or assistive device is used (Table 15.2). More proxi-
mal levels of amputation and lack of an anatomical joint are associated with higher 
levels of disability and energy expenditure [5]. For example, the majority of indi-
viduals who undergo external hemipelvectomy for management of soft tissue sar-
coma of the pelvis do not use a prosthetic device due to the increase in energy 
requirements [24]. Pre-existing cardiopulmonary disease may further limit ambula-
tion with a prosthesis. Lastly, there are psychosocial factors that if left unaddressed 
can lead to significant disability.

15.4	 �Rehabilitation Interventions in Patients with Extremity 
Sarcoma

Despite the need for aggressive rehabilitation in patients with sarcoma, there are 
few disease-specific approaches. Often, concepts regarding general cancer and 
musculoskeletal rehabilitation are applied to this patient population [5]. General 
practices such as early mobilization, gait training, active-assisted range of 
motion, and isometric exercises are key components in successful rehabilitation 
following LSS [8].

Table 15.2  Energy expenditure by amputation level

Increase 
(%)

% increase above normal 3 
METs

Unilateral BKA with prosthesis 9–28 3.3–3.8

Unilateral AKA with prosthesis 40–65% 4.2–5.8

Bilateral BKA with prosthesis 41–100 4.2–6.0

BK plus AKA with prosthesis 75 5.3

Bilateral AKA with prosthesis > 200 11.4

Unilateral hip disarticulation with prosthesis 82 5.5

Hemipelvectomy with prosthesis 125 6.75

AKA above knee amputation, BKA below knee amputation, MET metabolic equivalent tasks
Adapted from Tobias and Gillis [6]
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15.4.1	 �Scar Tissue Mobilization

Both surgery and radiation therapy destroy the tensile strength of the tissue and 
result in scar tissue formation that limits ROM and causes pain [7]. Therapeutic 
techniques aimed at improving ROM and encouraging the tissue to regain its ability 
to stretch are essential in the rehabilitation of patients with bone and soft tissue 
tumors, as maintaining ROM correlates with improved functional mobility and 
QOL [21]. For the postradiation patient, fibrosis will occur to some degree in all 
tissue within the radiation field. Postradiation, all irradiated muscles must be identi-
fied and incorporated into the rehabilitation process, as the absence of ongoing 
ROM can result in the formation of contractures [4]. Deep friction and stretching 
exercises can make the scars soften and more flexible [7]. Daily ROM exercises also 
align scar tissues, which increases overall mobility [6]. Ultrasound, a modality pro-
viding deep heat, may improve tissue elasticity if used prior to ROM exercises and 
fibrous-release techniques [25].

15.4.2	 �Modalities

Modalities assist in overcoming functional limitations and providing pain relief. 
Ultrasound, as mentioned previously, can be focused on areas with radiation-
induced fibrosis or postsurgical scarring to soften scar tissue [4]. Massage pro-
vides therapeutic benefits from its antispasmodic, fibrolytic, and counter-stimulatory 
effects [4]. Electrical stimulation can be used to decrease muscle spasm, and 
transcutaneous electrical nerve stimulator (TENS) units can aid in providing pain 
relief [26]. Desensitization techniques, which produce a tolerance for increasingly 
intense stimulation, can be used in the management of neuropathic pain, including 
chemotherapy-induced peripheral neuropathy [25]. Contraindications to modali-
ties, such as massage and ultrasound, arise from fear of spreading cancer both 
locally and systemically [4]. These precautions should not be disregarded entirely; 
however, the use of modalities may be of benefit, rather than harm, in certain cir-
cumstances [4].

15.4.3	 �Aerobic Exercise

While not specific to patients with extremity sarcomas, studies consistently suggest 
that aerobic exercise is safe and lowers symptom burden in patients undergoing can-
cer treatment and into survivorship [4, 27, 28]. Aerobic exercise potentially combats 
fatigue, mitigates the impact of high-dose chemotherapy, and improves quality of life 
[4, 11, 27, 28]. Despite the general consensus regarding improved outcomes with 
exercise in cancer patients, it has not yet become a routine component in manage-
ment. As physiatry becomes more involved in the treatment of patients with cancer, 
physiatrists can integrate physical activity and exercise into practice, a component 
that may have been overlooked by other members of the team [14, 27].

S. Agarwal et al.



303

15.4.4	 �Lymph Drainage

Complete (or complex) decongestive therapy (CDT) is the current standard of care 
for managing lymphedema [1]. CDT has been shown to be an effective treatment 
that also improves quality of life [19]. This is a two-phase, multimodal program that 
focuses on reduction of fluid, during phase I, and maintaining the reduction, during 
phase II. The components of CDT include manual lymph drainage (MLD), com-
pression bandages/garments, exercise, and skin care.

During stage I, MLD aims to stimulate the intrinsic contractility of the lymphatic 
system using a massage technique characterized by a specific stroke duration, ori-
entation, pressure, and sequence [4]. Treatments begin proximally in lymphostatic 
regions and direct lymph toward functioning lymphotomes [4]. MLD is then fol-
lowed by compression bandaging, which is a specialized form of bandaging used to 
achieve gradient compression. Short stretch bandages are applied, with more layers 
distal than proximal, and are left in place 21–24 h per day during phase I [1]. The 
bandages exert low pressure in the resting muscle, but as the muscle contracts within 
the space of the short bandages, interstitial fluid pressure increases [1]. The cycling 
between high and low pressure creates an internal pump mechanism that encour-
ages lymph to flow along the gradient created by the bandaging. Remedial lymph-
edema exercises are repetitive movements that produce serial muscle contractions 
and are used to compress lymph vessels and trigger contraction in lymph vessel 
walls, so as to further encourage lymph to flow along the established pressure gradi-
ent [4].

Once reduction in volume reduction has plateaued, patients enter phase II, a 
long-term maintenance phase. Compression bandages are used only at night and 
MLD is performed as needed [4]. Compression garments, such as sleeves or stock-
ings, are worn during the day to maintain the volume reduction and skin integrity, 
protect the limb from potential trauma, and prevent fibrosis [4]. Additionally, skin 
care is emphasized in both stages to limit and prevent bacterial/fungal overgrowth 
and microfissuring. Patients should cleanse and moisturize the skin daily with min-
eral oil-based soap [4].

15.4.5	 �Gait Training

There are six determinants of gait that deal with the conservation of energy during 
normal ambulation: pelvic rotation, pelvic tilt, knee flexion in midstance, foot/
ankle motion, knee motion, and lateral pelvic motion [29]. Alterations in biome-
chanics in any of these components lead to compensatory gait patterns and ulti-
mately increased energy expenditure, muscle fatigue, and pain. As previously 
discussed, gait impairments are common in patients with extremity sarcomas. 
During the rehabilitation process, multiple interventions can be employed to 
address gait dysfunction. Both therapeutic exercises and the use of orthotics/pros-
thetics can help to optimize alignment and allow for safer ambulation. Therapeutic 
exercises are typically isometric strengthening exercises, aimed at strengthening 
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the core musculature and the muscles supporting a weak or painful body part [25]. 
Stabilization and protection of an impaired limb may also be achieved through the 
use of orthotics, by immobilizing the limb completely or restricting motion at spe-
cific joints [25]. For example, patients with peroneal nerve disruption that develop 
foot drop after a proximal tibia resection may require an ankle-foot orthosis (AFO) 
to assist with ambulation. For patients with foot drop, the most common AFO is a 
posterior leaf spring AFO [30]. This is often set in several degrees of dorsiflexion 
so that the foot clears the ground during swing phase, and also facilitates the ankle 
going into dorsiflexion after push-off [30]. Subcategories of AFOs exist, such as 
carbon fiber or plastic fiber, which allow for orthotics to be customized for patient’s 
needs. Carbon fiber AFOs are lighter, assist during toe-off, and may provide a more 
normal gait pattern; however, patients with spasticity or contractures are not candi-
dates for carbon fiber AFOs as they cannot be molded [1]. For those patients with 
instability at the knee due to quadriceps or femoral nerve involvement after proxi-
mal femur resection, they may require a ground-reactive AFO, which provides a 
posteriorly directed force at the proximal tibia to encourage knee extension and 
control knee flexion or a knee-ankle-foot orthosis (KAFO) [20]. If hip flexion and 
knee extension are not intact, then knee bracing, such as with a KAFO, is needed. 
Additionally, training with assistive devices and education regarding environmen-
tal modifications and energy conservation are also important rehabilitative inter-
ventions to address gait impairments. By working with a therapist, patients will 
learn to recognize which movements are difficult to achieve, whether due to weak-
ness or pain, and develop compensatory strategies to avoid these triggers [25]. 
Lastly, patients with a lower extremity amputation will need to relearn balance and 
posturing, even prior to gait training with the prosthesis itself, due to changes in 
center of balance.

15.4.6	 �Pain Management

Despite the increased effort to achieve adequate pain control in patients with cancer, 
pain in patients with sarcoma often remains undertreated or inadequately treated 
[31]. Quality of life, physical functioning, and psychological features are all nega-
tively impacted by poor pain control [31, 32]. The first step to achieving pain control 
begins with an adequate pain assessment and goes beyond acquiring a pain rating 
(i.e., obtain a description of the pain, timing, duration, onset, provoking or palliative 
features, impact on a patient’s life, red flags for abuse of pain medication, etc.). Pain 
can be categorized as nociceptive or neuropathic. Nociceptive pain is due to pres-
sure on nerves and ongoing tissue damage and is further subdivided into somatic or 
visceral (distention of a hollow viscus), whereas neuropathic pain is due to direct 
damage to the nerve and can be either central or peripheral in origin [32]. Determining 
the etiology of pain in patients with sarcoma may be challenging, as most patients 
with cancer often experience overlapping pain syndromes due to the interaction 
between cancer cells, the nervous system, and immune system [32]. Pain 
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management can begin once an adequate assessment of a patient’s pain has been 
made. Unique to cancer pain management is the reliance on high-dose opioids, 
which should be initiated early on in the disease process if needed, rather than with-
held until the terminal stages of the disease [1, 4]. For patients with cancer, the 
World Health Organization (WHO) has developed a severity-based analgesic ladder 
that provides guidelines on when to initiate non-opioid and opioid medications 
(Table 15.3).

For mild pain, non-opioid medications, such as acetaminophen and NSAIDs, 
should be used; for mild to moderate pain, “weak” opioids with or without a non-
opioid are used; for moderate to severe pain, strong opioids should be initiated with 
or without non-opioids [32]. The WHO currently recommends using regularly 
scheduled dosing of medication to prevent the onset of pain, by taking into consid-
eration the half-life, bioavailability, and duration of action of the analgesic [26]. 
This around-the-clock scheduling should be supplemented with the option for 
breakthrough pain medication or rescue doses [32]. While opioids are heavily 
relied upon for the management of cancer pain and are appropriate for the manage-
ment of nociceptive pain, opioids do not adequately address all pain syndromes. 
For neuropathic pain, antidepressants and anticonvulsant medications should be 
incorporated into treatment regimens, as opioid analgesia does not provide ade-
quate coverage for neuropathic pain [1]. For bone pain, radiotherapy using external 
beam radiation, and medical management with bisphosphonates, that inhibit osteo-
clastic bone resorption (the presumed mechanism behind pain from bony metasta-
sis [1]) or Denosumab, a RANKL (receptor activator of nuclear factor kappa-B 
ligand) inhibitor, have been shown to be beneficial [26]. In some cases, patients 
experience pain that is refractory to oral medications and may require interven-
tional pain management. Interventional techniques including selective nerve 
blocks/plexus blocks, neurolysis, and intraspinal devices (i.e., spinal cord stimula-
tors or intrathecal infusion with morphine) should be considered in cases of refrac-
tory pain [1, 26]. For example, patients with lower extremity cancer pain or 
phantom limb pain following an amputation may benefit from a lumbar sympa-
thetic block [32]. Stellate ganglion blocks are indicated for patients with upper 
extremity, head, or neck pain from phantom limb pain, postradiation pain, postsur-
gical neuropathy, and neuropathic pain [33].

Table 15.3  World Health Organization analgesic ladder for cancer pain management in adults

Pain severity Analgesic

Mild Non-opioids such as NSAIDs and/or Tylenol

Mild-moderate Weak opioid (codeine, tramadol, dihydrocodeine) +/− non-opioid

Moderate-severe Strong opioid (morphine, methadone, oxycodone, hydromorphone, 
fentanyl) +/− non-opioid

The oral route of administration is effective and inexpensive and should be tried first when avail-
able. Around-the-clock dosing should be given to prevent the onset of pain
Adapted from Smith and Saiki [32]
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15.4.7	 �Site-Specific Considerations Following LSS

Due to the highly complex and individualized nature of LSS, developing a standard-
ized rehabilitation regimen is challenging [5]. Basic guidelines for rehabilitation 
following LSS have been published [7, 8]. Although such protocols have not yet 
been consistently incorporated into practice, there are site-specific rehabilitation 
goals and approaches that should be considered. It should be noted that limitations 
regarding ROM and weight-bearing status will often differ based on surgical 
technique.

15.4.7.1  �Distal Femur/Knee Joint
Physical therapy in these patients aims to achieve knee ROM 0–90° and functional 
weight bearing [8]. For a distal femur reconstruction, weight-bearing status is typi-
cally as tolerated for both cemented and cementless prostheses, if good initial fixa-
tion is achieved. For allograft and allograft prosthetic composites, it may be delayed 
based on the bone-graft interface healing. If wound healing is progressing satisfac-
torily, active and active-assisted ROM (AAROM) and strengthening exercises are 
initiated as soon as possible with the goal of achieving at least 90 degrees of full 
extension [8].

15.4.7.2  �Proximal Tibia/Knee Joint
Rehabilitation focuses on achieving full limb extension without any degree of 
extension lag, as this may impair ambulation. Although achieving full range of knee 
flexion at the expense of knee extension is not recommended, many patients may 
have some residual extension lag [8]. Patients are generally partial weight bearing 
after surgery [20]. Since the quadriceps mechanism is often reconstructed along 
with the gastrocnemius flap, knee flexion is initially not allowed, but progressive 
isometric quadriceps strengthening and ankle ROM exercises may be started early 
on. Patients are immobilized for 4–6 weeks in a long-leg brace to allow for healing 
and establishment of a good extensor mechanism [8, 20]. Once the patient is able to 
do an active straight leg raise (about 4–6 weeks), active knee ROM exercises can 
begin along with WBAT with a goal to achieve at least 90 degrees of flexion [8]. 
Additionally, these patients may require management for leg-length discrepancies. 
This may be treated with up to a 2 cm inch shoe insert; however, if more height is 
required, then it is necessary to raise the shoe [7].

15.4.7.3  �Proximal Humerus/Scapula/GHJ
The goal of rehabilitation in these patients is to have normal hand, wrist, and elbow 
function, so that feeding and hygiene abilities are preserved, and to achieve shoul-
der joint stability [8]. Immobilization of the shoulder generally occurs for 6 weeks 
after surgery, although pendulum exercises (i.e., Codman I/II exercises) can begin 
as early as post-op day 10 [8, 20]. Hand and elbow ROM exercises and occupational 
therapy are encouraged initially, but full elbow flexion should be avoided so flexor 
muscle attachments are not disrupted [8]. Gradually, full elbow extension is allowed 
and AAROM at the shoulder may begin when the immobilizer is removed after 

S. Agarwal et al.



307

week 6 [8]. Patients may benefit from a shoulder mold to improve any cosmetic 
deformity due to the loss of tissue [7].

15.4.7.4  �Proximal Femur/Hip Joint
Rehabilitation efforts aim to reestablish abductor strength and prevent hip disloca-
tion [8]. Patients are initially toe-touch weight bearing and generally require hip 
abduction braces for at least 6 weeks to protect abductor repair and prevent hip 
dislocation [8]. Initially, knee and ankle exercises are encouraged, as well as abduc-
tor muscle strengthening [8]. Patients with instability at the knee from quadriceps or 
femoral nerve involvement may require an AFO or KAFO [20]. Leg-length discrep-
ancy can also occur and may require a shoe insert for adequate management.

15.4.7.5  �Pelvis
With pelvic involvement, the goal is to obtain normal knee and ankle function and 
have a minimal decrease in hip function [8]. Therapy considerations, including 
weight-bearing status, are largely variable, based on both anatomic location and 
surgical technique. In type I and II patients, a hip abduction brace is generally used 
for 6–8 weeks to protect the abductor muscle repair [8]. Knee and ankle ROM and 
strengthening exercises can begin initially, but active strengthening of the abductors 
is avoided until the abduction brace is discontinued [8]. Patients with a type III 
resection do not typically require an abduction brace and may begin active hip ROM 
and strengthening as early as post-op week one [8].

15.4.8	 �Amputation Rehabilitative Care

Rehabilitation for patients with amputation ideally begins preoperatively and pre-
pares patients for the physical and psychological loss. Postoperative rehabilitation 
is subdivided into pre-prosthetic management and prosthetic training.

During the pre-prosthetic phase, goals include wound healing, controlling 
edema, suture site desensitization, limb shaping, and addressing functional deficits. 
Physical and occupational therapy at this time focuses on strength training for 
ambulation and transfers, stretching to prevent contractures, and reduction of resid-
ual limb edema. Shaping the residual limb is essential during this stage, as a poorly 
shaped limb may lead to skin breakdown or inability to bear weight [5]. Compression 
therapy with continued wrapping of the residual limb will decrease edema and assist 
limb shaping [6]. The use of stump shrinkers, however, should be avoided until 
staples/sutures have been removed. Ambulation with a walker or crutches, as 
opposed to sitting in a wheelchair, and prone positioning while laying should be 
encouraged so as to prevent hip or knee flexion contractures [20].

Prosthetic training takes place with the prosthesis itself. In patients with sarcoma 
that require adjuvant treatment, chemotherapy and radiation may prolong healing or 
cause edema that will result in delayed prosthesis fitting [6, 16]. Rehabilitation dur-
ing this stage focuses on donning and doffing the prosthesis, transfers and ambula-
tion with the prosthesis, and increasing dexterity with ADLs (for upper extremity 
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amputations) [6]. Type of prosthesis prescribed for patients is largely impacted by 
the K-level, or functional level, as outlined in Table 15.4. The knee mechanism of 
the prosthesis for patients with a transfemoral amputation, and the ankle/foot mech-
anism of the prosthesis for patients with a transtibial amputation, will be decided by 
the expected level of activity [6]. Not only does a prosthesis allow for improvement 
in physical function, but fitting with a prosthesis can help to decrease residual limb 
and phantom pain and improve quality of life [5].

15.5	 �Rehabilitation in Sarcoma Survivorship

Today, survival rates following limb salvage surgery for extremity sarcomas are 
60–70% [8], but predicting functional outcome still remains challenging [34]. Even 
after the acute phase of illness, survivors of sarcoma are left to deal with impaired 
functional status and independence and late effects of treatment [11]. Fatigue, lim-
ited physical functioning, and pain are domains that present unique challenges to 
survivors of sarcoma [9]. While these factors have the potential to negatively impact 
quality of life, they are also areas where rehabilitative intervention has the potential 
to make a major impact [9]. Rehabilitation in this patient population is not necessar-
ily short term, and patients may require or benefit from ongoing therapy even into 
survivorship.

15.6	 �Rehabilitation in Palliative Care

Even in the case of advanced or metastatic disease, rehabilitation continues to play 
a role in maintaining function and decreasing symptom burden. Maintaining mobil-
ity and independence is essential for many patients throughout the course of their 
disease process, including the terminal phases. Rehabilitation efforts in such cases 
can be aimed at educating family members and the patient on mobility, 

Table 15.4  United States Medicare K-Levels

K0 Does not have the ability or potential to ambulate or transfer safely with or without 
assistance; prosthesis does not enhance quality of life

K1 Has the ability or potential to use a prosthesis on level surfaces at a fixed cadence; 
household ambulator

K2 Has the ability or potential for ambulation with low-level environmental barriers (curbs, 
stairs, uneven surfaces); community ambulator

K3 Has the ability or potential for ambulation with variable cadence and across most 
environmental barriers; community ambulator who has vocational, therapeutic, or 
exercise activity that require prosthetic utilization beyond simple locomotion

K4 Has the ability or potential for ambulation that exceeds basic ambulation skills, exhibiting 
high impact stress or energy levels; typical of children, active adults, or athletes

K-Levels describe the functional level of patients with prosthetics and ultimately determine the 
prosthetic components that Medicare will cover
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environmental adjustments, appropriate body mechanics/energy conservation, and 
assistive devices [35]. Physical and occupational therapy also assist in non-pharma-
cological pain management, relieving symptoms such as dyspnea and edema, and 
preventing contractures and decubitus ulcers, through low-frequency therapy, repo-
sitioning, breathing assistance/decongestive physiotherapy, massage, and heat and 
relaxation techniques [35]. Many of these techniques can be carried on into very 
advanced stages of the disease and performed as bedside interventions.

�Conclusion

There is a general consensus that early intervention by a physiatrist, even before 
treatment, will lead to improved functional outcomes in patients with sarcoma 
[5]. The functional, neurological, and musculoskeletal impairments acquired by 
patients with sarcoma during the course of the disease and treatment process 
make it clear that rehabilitation is a necessary component in the multidisciplinary 
management of these patients. Despite the need for rehabilitation in these 
patients, much is lacking regarding specific protocol and therapy regimens. 
General cancer and musculoskeletal rehabilitation principles can be applied to 
patients with extremity sarcomas; however, additional research and investigation 
are warranted to address the specific functional limitations and physical impair-
ments that result.
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16A Multidisciplinary Approach to Physical 
Therapy for Patients with Sarcomas

Kelly O’Mara

16.1	 �Introduction

In the United States, 900 new cases of bone tumors are diagnosed each year, 
with approximately 400 of these cases occurring in patients less than 20 years 
of age. Osteosarcoma accounts for 3.4% of all childhood cancers and 56% of 
malignant bone tumors in children. Soft-tissue tumors account for 7% of all 
childhood cancers. Seventy percent of patients diagnosed with osteosarcoma 
survive greater than five  years. Medical and surgical management has pro-
gressed to improve these statistics over the past decades. Survivorship is a con-
tinuum (acute, transitional, extended, and permanent) (Fig. 16.1). Quality of life 
and function are crucial to meaningful survivorship. Physical therapists (PT) 
and occupational therapists (OT) are vital team members for improving quality 
of life and function in patients diagnosed with sarcomas across the survivorship 
continuum [1, 2].

16.2	 �Indications for Rehabilitation

The International Classification of Functioning, Disability and Health (ICF; 
Fig. 16.2) is the standard language of rehabilitation sciences used to describe health 
and health-related states. This model demonstrates the interactions between health 
conditions, body functions and structures, activity, participation, and contextual fac-
tors (environment and personal). Alteration of health condition is disorder or dis-
ease; problems within body functions and structures are impairments; difficulties 
performing daily tasks are activity (or performance) limitations; and the inabilities 
to fulfill societal roles are participation restrictions. Environmental factors include 
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Long-Term Effects

Extended
Survivorship
Remained
Remission

Diagnosis/Initial Treatment

Acute
Survivorship

Transitional
Survivorship

Extended
Survivorship
Cancer-free

Extended
Survivorship
Living with

Cancer
Permanent

Survivorship
Secondary
Cancers

Permanent
Survivorship
Cancer-free

Free of Cancer

Permanent
Survivorship
Long-term/

Late Problems

Permanent
Survivorship

Second
Cancers

Fig. 16.1  Acute survivorship is the time when a person is being diagnosed and/or in treatment for 
cancer. Extended survivorship is the time immediately after treatment is completed, usually mea-
sured in months. Permanent survivorship is a longer period, often meaning that the passage of time 
since treatment is measured in years

Health Condition

Body Functions &
Structures

Activity

Contextual factors

Personal factors
Environmental

factors

Participation

(Disorder or disease)

(Limitations)(Impairments) (Restrictions)

Fig. 16.2  Adapted from The International Classification of Functioning, Disability and Health [3]
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the physical, social, and attitudinal environments within a person’s life; personal 
factors include the demographic and psychological components that affect a per-
son’s experience [3].

16.2.1	 �Physical Activity/Performance Limitations

Data regarding survivorship in sarcomas are emerging from the Childhood 
Cancer Survivor Study (CCSS) that explores long-term survivorship in pediatric 
cancers. When compared to siblings and leukemia survivors, survivors of muscu-
loskeletal (bone and soft-tissue) tumors have a higher risk of adverse health sta-
tus, functional impairments, activity limitations, pain, and anxiety [4]. Survivors 
of brain tumors and bone tumors reported the highest prevalence of physical 
performance limitations, with one-third of bone cancer survivors reporting phys-
ical limitations [5]. A study by Nagarajan et al. [6] explored the population of 
survivors of lower extremity and pelvic tumors and found 71.8% of survivors 
report some level of disability, and about a quarter perceive themselves as mod-
erately to severely limited in daily tasks. Despite the secondary physical impair-
ments of rhabdomyosarcoma, only 14.1% of survivors report performance 
limitations [7, 8].

16.2.2	 �Participation Restrictions

When compared to matched siblings, survivors of pediatric cancers are more likely 
to report decreased ability to perform personal care or routine activities (i.e., shop-
ping and housework) [9, 10]. Additionally, survivors are almost six times more 
likely to have decreased attendance at school or work compared to siblings. In sur-
vivors of bone cancers, 11% of survivors reported poor health prevented them from 
attending school or work, second only to pediatric brain tumor survivors [5].

16.2.3	 �Impairments

Musculoskeletal tumors, oncological treatments (radiation and chemotherapy), 
and surgical interventions have primary and secondary effects on body struc-
tures and functions: posture, muscle performance, joint mobility, motor func-
tion, pain, and range of motion. Impairments may be related to connective tissue 
dysfunction or localized inflammation post-radiation therapy or surgery, patho-
logical fracture, joint arthroplasty (endoprosthesis), rotationplasty, and/or 
amputation. These impairments can cause pain and/or decreased quality of gait, 
locomotion, balance, and upper extremity function. Additionally, survivors of 
childhood osteosarcoma report adverse health status and pain [2, 11].

Range-of-motion impairments are common after limb sparing surgeries. Tsauo 
et  al. [12] evaluated patients 3 years postwide resection and endoprosthesis 
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placement and found less knee flexion range of motion in the surgical knee 
(106.6º  ±  13.0º) than in nonsurgical lower extremity. Buchner et  al. [13] found 
patients 4 years post-limb-sparing surgery for proximal tibia tumors with medial 
gastrocnemius flap to have a mean knee flexion range of motion of only 60º. Knee 
range-of-motion outcomes are less favorable in revision of proximal tibia tumors 
due to the immobilization required for healing of the knee extensor mechanism.

Strength is negatively affected by disuse/immobilization, surgery, and radiation 
therapy. During surgical intervention, muscles may be resected, transferred, or 
denervated, depending on the proximity to the tumor and neurovascular bundle. In 
addition, chemotherapy causes chronic weakness and fatigue and may require fre-
quent hospitalizations [14].

Gait and functional independence is influenced by strength and range of motion. 
Decreased knee, hip, and ankle range of motion decreases quality of gait and perfor-
mance on stairs [15, 16]. In a study by Marchese et al. [17], measurements in knee flex-
ion, hip flexion, and hip extension range of motion correlated with functional outcomes 
of timed up and down stairs (TUDS), timed up and go (TUG), and 9 minute run-walk 
distance in patients with lower extremity sarcoma after limb salvage surgery.

Bone health impairments, including osteonecrosis or osteopenia, can occur due 
to decreased activity and secondary effects of chemotherapy and radiation therapy. 
These can increase fragility, risk of fractures, and poor healing.

Integumentary system is compromised in survivors of sarcomas due to slowed 
wound healing secondary to radiation and chemotherapy. Limb edema can arise due to 
radiation fibrosis and lymphatic dysfunction. Incisions used for biopsies, skin grafts, 
limb salvage, amputation, and rotationplasty require extra care both for safe healing 
and for prevention of secondary infection, delayed wound closure, or dehiscence.

Neuromuscular impairments can occur in this population secondary to neurotoxic 
chemotherapies, radiation, surgical neuropraxia, axonotmesis, or neurotmesis.

Cardiovascular/pulmonary functioning is reduced as a result of acute and chronic 
injury from chemotherapy, radiotherapy, surgery, and decreased physical activity 
during diagnosis, treatment, and survivorship.

16.3	 �Rehabilitation Team Members

Exercise has the potential to reduce these secondary effects and improve physical 
fitness in pediatric cancer survivors [18] (Table  16.1). The rehabilitation team 
includes physical therapists, occupational therapists, and physiatrists. The goals of 
rehabilitation team members are to restore function, minimize impairments, and 
optimize capacity for activities and participation.

16.3.1	 �Physical/Occupational Therapists

Physical and occupational therapists are important team members in optimizing 
treatment outcomes in persons with sarcomas. Physical therapists specialize in 
movement and function. They assess range of motion, flexibility, strength, 
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functional mobility, gait, integumentary, neuromuscular, and cardiovascular/pulmo-
nary fitness. Occupational therapists specialize in activities of daily living and adap-
tation. They focus on fine motor and upper extremity function.

16.3.2	 �Physiatrists (Physical Medicine and Rehabilitation)

Surgery and medical management of sarcomas can have both short- and long-term 
debilitating effects on patients. Physiatrists specialize in rehabilitation medicine and 
assist in decision-making regarding intensity and environment of rehabilitation. 
Some patients may require acute or subacute rehabilitation environments for inten-
sive therapy to safely return to the home environment. Over time, survivors of sar-
coma have long-standing secondary effects that can be monitored by physiatrists.

Varying models of rehabilitation teams exist in different hospital systems and 
centers related to the treatment of survivors of sarcomas. The most common 
approach is through transdisciplinary care. Within a transdisciplinary model, one 
discipline—often physical therapy—is responsible for the management and coordi-
nation of care regarding function of these patients.

16.4	 �Points of Entry for Rehabilitation Services

Physical and occupational therapists encounter patients with sarcomas throughout 
many phases of diagnosis, treatment, and survivorship. Some reasons for referral for 
physical and/or occupational therapy include decreased functional independence, 
pain management, risk of fall or injury, difficulty with self-care, bracing or pros-
thetic management, splinting, and discharge planning.

Table 16.1  PT/OT clinical points specific to management of patients with sarcomas

Wound healing: Delayed wound healing with chemotherapy. Care must be taken with 
progressive range of motion opposing incisions.

Muscles/structures spared, resected, or rerouted: Know what you are and are not strengthening 
or ranging.

Secondary effects of chemotherapy on overall cardiopulmonary function: Incorporate 
cardiopulmonary training as appropriate.

Secondary effects of chemotherapy/surgery on neurological system: Screen for neuropathies. 
Educate on proper supportive shoes or devices.

Secondary effects of chemotherapy/surgery on bone health: Care must be taken with 
progressive range of motion, weight-bearing, and shearing/contact activities.

Patient/family goals and expectations need to be addressed and readdressed frequently 
throughout management.

Communication is essential for success: Open communication between oncologists, 
orthopedic oncologists, social workers, and other physical and occupational therapists.

Be realistic with goal setting.

When in doubt, do no harm. Then seek guidance/knowledge.
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Physical and occupational therapists may encounter a patient with sarcoma at 
various points during and prior to diagnosis and survivorship (Table 16.2). In the 
multidisciplinary team model, physical therapists meet patients and families early 
in the diagnostic and treatment phases.

16.5	 �Multidisciplinary Sarcoma Clinic

At Children’s National Health System, the majority of patients are seen through the 
multidisciplinary sarcoma clinic. The team members in this clinic include physical 
therapists, orthopedic oncologists, pediatric oncologists, radiation oncologists, 
radiologists, nurse practitioners, physician assistants, residents, fellows, medical 
students, nurses, and social workers. In addition, consulting services include psy-
chologists, child life specialists, general surgeons, wound care, and nutritionists. 
External consultation occurs with prosthetics and orthotics specialists.

Face-to-face time and collaboration with other providers allows for patient-
centered care. Every clinic visit starts with review of patient cases and discussion 
regarding scheduled patients. Physical therapists discuss with medical and surgical 
oncologists the patient’s progress, ongoing or new concerns, and radiographic and 
diagnostic findings. As a team, the physical therapist and orthopedic oncologist 

Table 16.2  Points  
of entry for physical and 
occupational therapists 
during survivorship

• Pre-diagnosis

• Outpatient evaluation and/or treatment

• Outpatient gait training

• Inpatient general medical or orthopedic floors

• Rheumatology, orthopedic, and/or chronic pain clinics

• Diagnosis

• Inpatient admission

• Outpatient solid tumor clinic

• Preoperative

• Chemotherapy admissions

• Postoperative

• Postradiation

• Postsurgical acute stay

• Acute rehabilitation stay

• Outpatient evaluation and/or treatment

• Prosthetic/orthotic fitting and/or training

• Post-lengthening

• Bone marrow transplantation admission

• Long-term follow-up
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evaluate the patient, discuss goal and progress, and provide an updated plan of care 
to the patient and family. Team members modify the plan of care for rehabilitation 
intervention based on patient’s prognosis, phase of treatment, patient goals, and 
patient’s quality of life. The physical therapist also provides intervention, and relays 
information to treating therapists.

16.6	 �Physical Therapy Evaluation

The physical therapy evaluation (Fig. 16.3) includes intake and assessment of history, 
motivation and understanding, physical examination, and development of a plan.

History intake and assessment helps to understand the patient’s current and past 
status. Important aspects include patient’s age, diagnosis, past medical and surgical 
history, current level of function, interests, limitations, and tolerance to pain. 
Understanding a patient’s prior medical, developmental, surgical, and/or traumatic 
history helps to establish the patient’s current status and impairments. It is important 
to understand the patient’s environment at home and school, including stairs, curbs, 
bathroom setup, and transportation needs. This information helps to establish what 
physical/performance and participation limitations a patient may encounter.  
A physical therapist should evaluate patient and caregiver motivation and under-
standing in order to establish baseline knowledge. This will provide a framework 
for education, motivation, and planning. Parent and patient understanding of diag-
nosis and plan, anticipated outcomes of surgery/radiation, understanding of reha-
bilitation commitment for optimal outcome, past response to painful experiences 
(trauma, surgery, change), past response to “hard work” expectations, family 
dynamics, and relationships should all be considered.

Physical examination is the foundation of the physical therapist evaluation.  
A thorough examination is critical to measure baseline and subsequent changes 
throughout the diagnosis and survivorship experience. Physical examination 
includes integumentary (sensation, vascular integrity, edema, old scars), location of 
tumor, posture of extremity, range of motion of involved and uninvolved extremi-
ties, strength of involved and uninvolved extremities, functional mobility, balance, 
and gait: assistive devices, weight-bearing status (per orthopedic oncologist), and 
fitness.

Plan is established with consideration of scheduled systemic control (chemo-
therapy) and/or local control (surgery/radiation). Physical therapists determine the 
immediate need for home exercise programs, gait training and assistive devices, 
weight-bearing status (per orthopedic oncologist), and supportive orthotics (hand/
foot splints, knee immobilizers, slings, kinesio tape). They may also connect the 
patient with a prosthetics, if amputation or rotationplasty is indicated. In addition, 
the physical therapist determines and plans for future needs that may arise at differ-
ent phases of medical or surgical intervention and survivorship.
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Fig. 16.3  Standardized Physical Therapy patient evaluation form used at Children’s National 
Medical Center. The use of standardized forms allows for rapid collection of reproducible data, 
which can be easily done electronically, and can facilitate communication with other therapists and 
providers. This data can be used for research and outcomes analysis

PHYSICAL THERAPY EVALUATION

Tumor Location

Recent Imaging Reviewed by Medical Team 

Care Team Rounds Comments

Precautions and Contraindications Access

Diagnosis Chemotherapy 

Surgical History

Procedure Yes Date Comments
Biopsy
Tumor Resection
Limb sparing
Endoprothesis Placement

Weightbearing

ROM

Strengthening

No shearing forces

None

Other

Osteosarcoma

Ewing’s Sarcoma

Desmoid Tumor

Synovial Sarcoma

Soft Tissue Sarcoma

Undifferentiated Sarcoma

Osteoid Osteoma

Pathological Fracture

Undiagnosed

Other

None

Port

Broviac

PICC

Peripheral IV

Ifosfamide

Doxorubicin

Vincristine

Cyclophosphamide

Actinomycin

Etoposide

Cisplatin

Methotrexate

None

Other

X-Ray

MRI

CT

PET

Bone Scan

Amputation
Rotationplasty
Lung Tissue Resection
Wound Revision
Central Line Placement
Central Line Removal
Other
Other
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Radiation History

Location Yes Type Dosage Date Comments
Tumor
Lung
Other
Other

Known Late Effects

Subjective (free text) 

Current Level of Function

Therapy Services:  

None
Outpatient PT
Outpatient OT
Seen by PT during inpatient admissions
Seen by OT during inpatient admissions

1x/week
2x/week
3x/week
2x/month
1x/month
As needed

Equipment:
Knee Immobilizer
Elbow Immobilizer
Ankle Immobilizer
Cast
Hinged Knee Brace
AFO
FRC Splint
Hinged Elbow Brace
Ultraflex
Above Knee Prosthesis
Below Knee Prosthesis
Upper Extremity Prosthesis
Other

Bilateral Crutches
Single Left Crutch
Single Right Crutch
Single Point Cane
Quad Cane
Bilateral Loftstrand Crutches
Single Left Loftstrand Crutch
Single Right Loftstand Crutch
Anterior Rolling Walker
Standard Walker
Posterior Walker
Rollator
Roll-a-bout
Other

Fig. 16.3  (continued)
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Gait Deviations

SWING RIGHT LEFT COMMENT

Circumduction

Toe drag

Hip hike

Steppage

Shuffling

STANCE RIGHT LEFT COMMENT

Foot flat

Foot slap

Toe first

Pronation

Supination

In-toeing

Out-toeing

Excessive knee flexion

Buckling

Genu recurvatum

Trendelenberg

Decreased trailing limb

Decreased weightbearing

Decreased stance time

Decreased step length

Decreased push-off

Fig. 16.3  (continued)
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TRUNK/UPPER 
EXTREMITY

RIGHT LEFT COMMENT

Increased lateral flexion

Increased forward flexion

Increased trunk rotation

Decreased trunk rotation

Decreased arm swing

High guard

Left Upper Extremity

LEFT WNL Active Passive MMT Pain Comments
Shoulder Flexion # # #
Shoulder Extension # # #
Shoulder Abduction # # #
Shoulder External Rotation # # #
Shoulder Internal Rotation # # #
Elbow Flexion # # #
Elbow Extension # # #
Forearm Supination # # #
Forearm Pronation # # #
Wrist Flexion # # #
Wrist Extension # # #
Wrist Radial Deviation # # #
Wrist Ulnar Deviation # # #

RIGHT Upper Extremity 

RIGHT WNL Active Passive MMT Pain Comments
Shoulder Flexion # # #
Shoulder Extension # # #
Shoulder Abduction # # #
Shoulder External Rotation # # #
Shoulder Internal Rotation # # #
Elbow Flexion # # #
Elbow Extension # # #
Forearm Supination # # #
Forearm Pronation # # #
Wrist Flexion # # #
Wrist Extension # # #

LEFT Lower Extremity 

LEFT WNL Active Passive MMT Pain Comments
Hip Flexion # # #
Hip Extension # # #
Hip Abduction # # #
Hip Adduction # # #
Hip External 
Rotation

# # #

Hip Internal Rotation # # #
Knee Flexion # # #
Knee Extension # # #
Ankle Dorsiflexion # # #
Ankle Plantarflexion # # #
Ankle Inversion # # #
Ankle Eversion # # #

Fig. 16.3  (continued)
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16.7	 �Physical Therapy Intervention

Physical therapists follow patients during chemotherapy and/or radiation for:

•	 Individualized conditioning programs
•	 Strengthening, ROM, cardiovascular/endurance/fitness training
•	 Reinforcement of active participation and expectations
•	 Preoperative outpatient consult, as needed, if poor tolerance to chemotherapy 

regimen

RIGHT Lower Extremity 

RIGHT WNL Active Passive MMT Pain Comments
Hip Flexion # # #
Hip Extension # # #
Hip Abduction # # #
Hip Adduction # # #
Hip External 
Rotation

# # #

Hip Internal Rotation # # #
Knee Flexion # # #
Knee Extension # # #
Ankle Dorsiflexion # # #
Ankle Plantarflexion # # #
Ankle Inversion # # #
Ankle Eversion # # #

Bony Concerns

Present Comment
Avascular Necrosis
Decreased Bony Density
Leg Length Discrepancy
Pathological Fracture
Stress Fracture
Other

Soft Tissue Observations
Present Comment

Atrophy
Edema
Muscle Asymmetry Left to Right
Muscle Asymmetry Proximal to Distal
Incisions/Scars
Soft Tissue Restrictions

Neuromuscular System:  

Cardiopulmonary System:   

Recommendations

HEP
Continue Outpatient PT/OT
Initiate Outpatient PT/OT
Return to Outpatient PT/OT
Follow-up at next scheduled Sarcoma
Clinic visit

Fig. 16.3  (continued)
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Physical therapists optimize function postsurgically to assist with safe return to 
the home environment, postsurgical healing/wound management, and pain manage-
ment. Acute postsurgical physical therapy intervention includes:

•	 Bed mobility/transfers
•	 Ambulation with ordered weight-bearing status per orthopedic oncologist
•	 Assistive device and/or wheelchair prescription and training
•	 Range of motion as cleared by orthopedic oncologist
•	 Isometric strengthening, active-assisted range of motion, active range of motion 

and/or resisted exercise (per orthopedic oncologist)
•	 Prevention of deep vein thrombosis and impairments in uninvolved 

extremities
•	 Edema management
•	 Sensory assessment and education
•	 Home exercise program
•	 Assessment if inpatient acute care rehabilitation is indicated—PM&R
•	 Planning for outpatient therapies as indicated

Physical therapy intervention continues during inpatient admissions and sched-
uled outpatient appointments:

•	 Wound healing/management
•	 Edema management
•	 Initiation of ROM/strengthening as cleared by orthopedic oncologist
•	 Gait training/progression
•	 Prevention/surveillance of secondary complications

–– Chemotherapy and/or surgically induced neuropathies
–– Neurovascular complications

•	 Individualized conditioning program
•	 Cardiovascular/endurance/fitness training
•	 Reinforcement of active participation and expectations
•	 Education of therapeutic techniques and progression
•	 Discontinuation of supportive devices, as appropriate
•	 Expectations of ROM progression and importance of wound healing
•	 Progression of isometric, concentric, eccentric, and functional strengthening
•	 Education of functional ROM goals
•	 Postamputation desensitization and limb shaping
•	 Prosthetic preparation, training, and management

16.8	 �Surgery: Functional Considerations

Local control (surgical and radiation) options are often determined by the location 
and size of tumor, the involvement of surrounding soft tissue, muscle, and neurovas-
cular structures, as well as the patient and family’s expectation and motivation for 
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functional and recreational outcomes. A physical therapist can assist with the plan 
regarding patient and family expectations of outcomes and can advocate between 
medical and surgical teams and the patient to assist with optimal selection of surgi-
cal techniques. Surgical interventions include:

•	 Limb salvage
–– Local tumor resection (soft tissue)
–– Wedge resection (bone)
–– Endoprosthesis, allograph, autograph
–– Rotationplasty

•	 Amputation

When selecting surgical intervention, limb salvage procedures should provide 
function equal to amputation and survival rates should be no worse [19–21]. Active 
discussion and decision-making is a team-effort between the patient, family, ortho-
pedic oncologist, oncologist, and physical therapist. Psychological readiness is 
assessed throughout the planning process through education and discussion of 
expectations. Physical therapists tailor exercises during the preoperative phase to 
prepare patients for surgery and specifically to prepare for postoperative success 
related to planned surgical intervention.

Postoperative considerations and expectations vary with each surgical technique:

•	 Local tumor resection (soft tissue)
–– Pros: minimal restrictions postoperatively
–– Cons: soft tissue, myofascial, and wound-healing restrictions

•	 Wedge resection
–– Pros: bone intact, full functional mobility
–– Cons: non-weight bearing until bone fully healed, activity restrictions

•	 Endoprosthesis, allograft, autograft
–– Pros: intact limb, end-bearing sensation, proprioception, expandable
–– Cons: leg length discrepancies, wound healing, activity restrictions, pro-

longed use of assistive devices
•	 Rotationplasty

–– Pros: intact functional joint (knee or hip) with proprioception, full functional 
mobility with appropriate prosthesis

–– Cons: cosmetics, wound healing, delayed weight bearing with nonunion
•	 Amputation

–– Pros: functional mobility with appropriate prosthesis based on amputation 
level, early weight bearing

–– Cons: loss of limb, phantom limb sensation, prolonged use of assistive devices
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16.9	 �Benefits to Multidisciplinary Care

Limited data and standardization of care exist for the rehabilitation management of 
patients diagnosed with sarcomas [22–24]. Therefore, strong relationships, com-
munication, and collaboration between physical and occupational therapists with 
medical and surgical oncologists are critical to the safe and effective treatment of 
this unique population. In a multidisciplinary model, physical therapists are active 
in the patient’s care early on and provide preventative and preparatory guidance 
(Table 16.3).

Having therapists involved in the early phases of diagnosis and planning assists 
in effective communication among the team members. Physical therapy sessions 
require a significant amount of one-on-one time with patients and families, and the 
well-informed physical therapist can establish stronger bonds and provide realistic 
approaches and expectations to the patient and families. Physical therapists involved 
in specialized clinics have increased depth of understanding and knowledge related 
to the patient’s condition and specialized treatment approaches.

Multidisciplinary clinics provide a “one-stop shop” for patients with sarcomas 
and their families. Because the patient meets with medical, surgical, and rehabilita-
tion specialists in one visit, it prevents the need of juggling multiple appointments 
within an already busy schedule. Families report satisfaction with the team approach 
and gain confidence in the collaborative environment.

Table 16.3  Factors 
influencing patient 
rehabilitation potential

• Location of tumor

• Size of tumor

• �Involvement of surrounding soft tissue, muscle, and 
neurovascular structures

• Radiation and surgical options

• Medical management

• Age

• �Patient’s general medical condition, fitness, and activity 
level

• Family and patient knowledge of disease/treatment options

• Family and patient expectations

• �Family and patient motivation and psychological 
acceptance

• Distance from treatment center

• Insurance/access

• Psychosocial issues of patient and family

• �Knowledge and skill of the therapist and prosthetist and/or 
orthotist
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16.10	 �Patient Case one

16.10.1  �Clinical Perspective

The patient is a 15-year-old cheerleader diagnosed with distal femur osteosarcoma. 
She was followed by physical therapy during inpatient chemotherapy admissions, 
but surgery was performed at an outside hospital. During surgery, injury occurred to 
the femoral nerve with a subsequent neuropathic foot. At the outside hospital, the 
patient was provided with off-the-counter ankle-foot orthosis (AFO) and knee 
immobilizer postoperatively. Upon discharge from the acute setting, the patient ini-
tiated outpatient physical therapy services near her home and presented with ante-
rior knee wound dehiscence requiring revision and delay in chemotherapy regimen. 
While awaiting healing for resumption of chemotherapy, the patient did not receive 
physical therapy services, and the previously prescribed AFO no longer fit. Upon 
return to an inpatient stay, the patient presented with a significant plantarflexion 
contracture and decreased knee flexion. At this time, the physical therapist and med-
ical team transitioned the patient to the care of outpatient physical therapy services 
within the multidisciplinary team at treating hospital. The patient was fitted with a 
custom resting foot splint, and the physical therapist collaborated with a vendor to 
obtain low-load prolonged-duration bracing for knee flexion and ankle dorsiflexion. 
The patient received physical therapy treatment 3–5x/week during inpatient chemo-
therapies and 1x/week outpatient between admissions and after completion of che-
motherapy. The patient attends the multidisciplinary clinic to meet with oncologists, 
orthopedic oncologists, general surgeons, and physical therapists for the manage-
ment of metastatic disease, and physical therapy intervention and plan are reas-
sessed and modified based on patient and medical goals.

16.10.2  �Family Perspective

“It Takes A Village!” My granddaughter was diagnosed with osteosarcoma 
September 2012. Almost immediately, the process was initiated. The team was iden-
tified, the plan established, and the journey began.

My granddaughter’s regimen consisted of an aggressive chemotherapy treatment 
to shrink the tumor on her left femur. Successful shrinkage of the tumor was realized 
in December 2012. The next phase of the process began—surgery to remove the 
tumor and femur, then placement of the endoprosthesis. The team guided her suc-
cessfully through another phase of her treatment.

She then continued on to her next phase of chemotherapy and weekly physical 
rehabilitative therapy sessions. The physical therapy sessions consisted of rehabili-
tative work that would allow her to function with her endoprosthesis as close to 
normal as possible.

We attempted to use a physical therapist closer to our home: however, we missed 
the team and their collaborative interaction. The trek to Children’s every Monday 
for rehabilitative therapy is well worth it.
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Battling cancer is not an easy journey. Remaining positive despite the ongoing 
obstacles can cause you to become discouraged. It truly helps to have a multidisci-
plinary team of medical staff at your disposal. So, yes! It truly takes a village!!

16.11	 �Patient Case two

16.11.1  �Clinical Perspective

The patient is an 11-year-old soccer player diagnosed with distal femur osteosar-
coma. He initially presented with recent history of knee pain and swelling. He was 
evaluated by pediatric oncologist with presumed osteosarcoma. The patient pre-
sented with difficulty ambulating due to pain; therefore, the oncologist contacted 
physical therapy who provided education and gait training for joint protection. The 
patient met with the physical therapist, in addition to the orthopedic oncologist and 
full multidisciplinary team, a few days later to begin medical and surgical plan-
ning. Physical therapists treated patient during chemotherapy admissions provid-
ing education regarding the importance of range of motion, strength, and 
cardiovascular exercise prior to surgery and to prevent secondary complications 
due to chemotherapy. The patient underwent wide radial resection of distal femur 
tumor with expandable endoprosthesis placement, and physical therapists provided 
postoperative care including gait training, isometric knee/hip exercises, and active 
ankle and foot exercises. Unfortunately, the patient had postoperative delayed 
wound closure, skin integrity disruptions, and decreased sensation and motor func-
tion to foot and ankle. Physical therapists assisted with custom-fabricated resting 
foot splint and collaborated with wound care nursing to aide in optimizing wound 
healing. The patient was scheduled for outpatient physical therapy 2x/week and 
seen 3–5x/week during postoperative chemotherapy admissions for range of 
motion, strengthening, and progression of functional mobility and gait. The physi-
cal therapist coordinated with an orthotist to provide the patient with an orthotic to 
assist with functional foot dorsiflexion and to provide support during standing and 
gait activities. Once chemotherapy was completed, physical therapy continued at 
2x/week frequency, and the patient will continue to be followed during outpatient 
multidisciplinary clinic.

16.11.2  �Family Perspective

Our second appointment with my son’s oncologist was overwhelming. The doctor 
walked into the room with ten people in tow. He brought his fellow, nurse coordina-
tor, nurse practitioner, two surgeons, another oncologist, physical therapist, child 
life specialist, social worker, and psychologist. The following week we also met the 
nutritionist. Aside from the fact that all these people could barely fit into our exam-
ining room, I had a hard time processing who they were and why they were there.  
I remember pulling aside one of the nurses after the appointment and asking why 
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the second oncologist was there. But as the weeks went by, I realized that this was a 
carefully assembled team, and one that worked well together. I had expected most 
of the people who directed my son’s treatment, such as the oncologist, surgeon, and 
nurses, and was pleasantly surprised to discover how many people were on board 
to help with issues as they arose. When my son had difficulty eating, the nutritionist 
stepped in. When he developed anxiety over so many needles, the psychologist and 
child life specialist were right there.

The physical therapist emerged as one of the key individuals on the team. My son 
had osteosarcoma in his right femur, so from his first visit to the clinic, he was hav-
ing trouble walking. She outfitted him immediately with crutches, then began a pre-
surgery program to get him in the best physical shape possible before surgery. Once 
surgery took place, she helped him figure out how to move safely while his leg was 
immobilized. PT continued both inpatient and outpatient for the rest of 
chemotherapy.

As I write this, chemotherapy has ended. 5 days after it ended, my son fell and 
fractured his arm. Once again, the team approach was invaluable. Nurses and fel-
lows helped arrange orthopedic appointments, and physical therapy helped him 
figure out how to move safely. Meanwhile, the oncologist is planning for posttreat-
ment scans, the surgeon is preparing us for limb-lengthening procedures, the nutri-
tionist is working with us on transitioning to a healthy diet, and the psychologist is 
helping my son with the emotional side of restarting school.

The most comforting piece for me as a parent has been knowing that not only are 
there all of these people to support my son, but they all talk to each other. So when 
I approached the nutritionist shortly before surgery to discuss my son’s weight, she 
already knew how much he had gained recently and whether or not he had any 
mouth sores. Similarly, when discussing presurgical concerns with the physical 
therapist, she knew what the surgeon expected before and after surgery and tailored 
my son’s program to meet that.

Certainly, it hasn’t been a panacea. We’ve been frustrated with everyone at least 
once. Parents often have an inherent fear of contradicting medical professionals, 
especially when those same professionals are saving one’s child’s life! I remember 
very clearly one afternoon when the nurse coordinator said to me, “You’d tell us if 
there’s something that’s not working, right?” Not, “You’d tell me,” but, “You’d tell 
us.” As a team, they wanted to do things well, and they wanted to know whether or 
not their actions were working. And that comment reaffirmed just how effective our 
multidisciplinary sarcoma team is!

16.12	 �Barriers to Multidisciplinary Care

Multidisciplinary clinic visits often compliment ongoing or phasic physical or occu-
pational therapy services. Due to space and time constraints, physical therapy inter-
vention within the clinic setting is limited to evaluation, assessment, updating plan 
of care, and home exercise prescription. The physical therapist serves as a contact 
person for therapists providing ongoing treatment for these patients.
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Additionally, due to the nature of multidisciplinary clinics, physical therapy 
goals and intervention may not be the top priority at certain phases of diagnosis and 
treatment. For example, if a patient has new onset or recurrent disease, the family 
and medical team’s focus may be on the establishment or modification of medical, 
surgical, or radiation plan of care. Physical therapy goals may be secondary or ter-
tiary, but the presence of a physical therapist to recognize the appropriateness of 
redirection of efforts and focus is important.

Insurance and reimbursement can affect the patient’s access to multidisciplinary 
care. Physical therapists and physicians must advocate for coverage of services. 
Additionally, in general, multidisciplinary clinics versus individual treatment ses-
sions yield lesser rates of productive, billable time for treating therapists. It is 
important to recognize the immeasurable benefits to teamwork and collaboration 
and the cost-effectiveness of decreased unbillable time for communication and 
planning without the presence of a multidisciplinary environment.

16.13	 �Challenges without Multidisciplinary Teams

Multidisciplinary clinics are growing throughout the United States and the world, 
although, the majority of centers currently do not benefit from this model. Due to 
the decreased number of orthopedic oncology surgical centers compared to cancer 
centers, physical and occupational therapists often encounter patients at a variety 
and later stage of treatment. Depending on the center, therapists often do not see 
patients with sarcomas until after surgical intervention and have reported decreased 
communication of indications and restrictions for intervention [23].

Oncologists, versus orthopedic oncologists, are often the referring physician for 
therapy prescription and often have decreased depth of understanding regarding 
weight-bearing, range of motion, and activity restrictions. Physical and occupa-
tional therapists have limitations to safe intervention without clear indications and 
restrictions. Additionally, the management of sarcomas is not included in entry-
level physical or occupational therapy education. Therefore, therapists working 
with patients at outside facilities are often unfamiliar with the medical and surgi-
cal considerations unique to this population. To date, only one article is published 
related to standardization of rehabilitation after limb salvage surgery [22].

In many pediatric centers, waitlists for outpatient services are significant. Patients 
that require outpatient therapies may wait excessive periods for a physical or occupa-
tional therapy evaluation, and patients may be discharged from therapy due to frequent 
no shows and cancellations due to chemotherapy and other admissions or appointments. 
In addition, families may need to travel for healthcare appointments and may have mul-
tiple physical therapists and/or occupational therapists at each phase of treatment.

With the lack of interhospital medical record access, therapists have challenges 
obtaining surgical and follow-up reports from orthopedic oncology, medical oncol-
ogy, and general surgery physicians. With the increasing demands of productivity 
within the healthcare system, therapists experience time constraints and therefore 
decreased ability to contact and communicate with outside providers.
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The application of multidisciplinary clinics aids in the growth of understanding 
of physical and occupational therapists. Through intrahospital, interhospital, and 
professional organizations, education is improving to increase the knowledge of 
professionals that may interact with the sarcoma populations [23]. Multidisciplinary 
care approach to patients with sarcomas should become the standard of care to pro-
vide a higher level of quality, consistency, functional, and quality of life outcomes 
in this uniquely challenging population.
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17Team Approach in the Management 
of Sarcoma Patients: Physician Extenders 
and Allied Health Professionals

Howard Rosenthal and Kimberly Haynes

The treatment of bone and soft tissue tumors is a highly specialized field requiring 
a multidisciplinary team approach. Personnel from a variety of disciplines are 
needed including medical, nursing, social work, case management, psychology, and 
rehabilitation. Due to the rarity of the tumor types, and the limited numbers of cen-
ters nationwide, even worldwide, this team approach must be able to provide care 
that is not available through routine or normal medical venues [1]. The lead physi-
cian, typically the orthopedic oncologist, must provide leadership and guidance to a 
group of medical personnel with a varied medical background and practice history. 
Unlike most other oncologic specialties, whereby the medical oncologist is the team 
leader, in musculoskeletal oncology, it is most commonly the surgeon who provides 
that direction and decision-making concerning total care. This total care approach 
must be delivered in a manner that is understandable to the patient and family, seam-
less with regard to the physicians, and effective in reference to the disease process. 
An integral part of the team is the advanced practice providers (APPs), which 
include advanced practice nurses (APRNs) and physician assistants (PAs) [2]. The 
APRNs are nurses with an advanced degree such as a master’s or doctorate degree 
in nursing. Nurses with advanced degrees can be a clinical nurse specialist (CNS), 
nurse practitioner (NP), certified registered nurse anesthetist (CRNA), or nurse-
midwife (CNM) depending on the education track followed. This chapter will focus 
on the roles and responsibilities of the clinical nurse specialists, nurse practitioners, 
physician assistants, and certified registered nurse anesthetists and describe the 
treatment and care they provide sarcoma patients. Other personnel experienced in 
the care and treatment of sarcoma patients include physical therapists, occupational 
therapists, registered nurses, case managers, social workers, clinical psychologists, 
athletic trainers, and certified genetic counselors. We will also discuss how the 
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office staff work in conjunction with our providers and make our office run smoothly. 
We will focus on our experience and successes over a 20-year period as well as 
provide feedback from patients and primary care physicians and referring other 
physicians, all that are considered integral parts of the sarcoma team. This feedback 
has enabled us to create an efficient and streamlined center, providing care to over 
3500 patients per year with bone or soft tissue tumors, both benign and malignant.

The treatment and care of the patient with a bone or soft tissue tumor begins well 
before their arrival at the orthopedic oncologist’s office. The presence of a mass or 
tumor, especially in younger patients, places the patient and his/her family in a very 
fearful position. The interval duration between the initial visit to the primary refer-
ring physician’s office, to the time it may take to obtain various radiological scans, 
and the additional time for ultimate consultation with the orthopedic oncologist 
contributes to the stress and anxiety regarding the sarcoma diagnosis. That stress 
extends beyond the patient and direct family. Imagine, for example, the fear, stress, 
and difficulty from the primary care physician or referring physician standpoint 
with regard to informing the patient that they are going to be seen by an orthopedic 
oncologist. Most primary care physicians have known the patient and/or family for 
quite some time prior to the presentation of the tumor. The patient often presents 
with nonspecific complaints, possibly aches or pains, many incidentally related to a 
sports injury, and no other constitutional or laboratory studies to indicate neoplasm. 
Frequently, a preliminary diagnosis of sports injury or hematoma and other benign 
nonneoplastic conditions is given initially. Persistence of pain over an extended 
period of time prompts the patient to return to their primary care physician who may 
send the patient to the physical therapist for, once again, the diagnosis of sports-
related injury. Therefore, once the presence of a mass or persistence of symptoms 
prompts more in-depth physical examination or radiographic review, weeks to 
months may have elapsed. The physician’s emotional discomfort with his own role 
in this delay may be perceived by the patient, feeding into the patient’s own internal 
fears. Thus, the treatment for the patient with sarcoma could be said to really start 
with the treatment of the referring physician. Whereby this may be through educa-
tional activities or through emotional and professional support, it must be to the 
benefit and welfare of the patient. This treatment plan is the responsibility of the 
entire orthopedic oncology team, from the surgeon to the front office staff, nurses, 
medical assistants, and even billing personnel. This responsibility and care enhances 
and may even improve the oncologic outcome of these patients in need.

The rarity of sarcoma poses special problems to medical practitioners as well as 
to patients and their families. The paucity of medical information, lack of familiar-
ity with the disease, and discomfort of treating cancer patients all play a role in the 
care of sarcoma patients. Very few sarcoma support groups are available, and it 
remains one of the few diseases not discussed on television or other media. Many 
sarcomas occur in the early decades of life, and the additional stresses to the family 
as well as loss of control of the health of the family also play a role in the care of the 
patient. The advanced practice providers (APPs) and entire team must work in a 
uniform fashion, with clearly outlined goals and approaches, individualized to the 
patient, taking into account all of the above factors [5]. These APPs help navigate 
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the patient through the treatment process. They translate to the patient the role of 
each of the providers and their treatment recommendations. Advanced practice pro-
viders ensure that the patient does in fact follow through with the recommended 
treatments, procedures, appointments, and myriad tests that are required during the 
treatment plan. Typically, once the patient presents to the treating orthopedic oncol-
ogist, these various procedures and tests move quite promptly, often faster than the 
patient may have time to absorb the information and necessities presented to them. 
Fear can become an inhibitor, which can significantly impact treatment. Advanced 
practice providers help the patient understand the need for consultations with other 
members of the sarcoma team such as the medical oncologist, radiation oncologist, 
interventional radiologist, and even geneticists, pathologists, dieticians, and psy-
chologists. The hospital personnel who perform various scheduling of procedures 
also have an impact on the patient’s treatment.

The patient and family members entrust the APRNs and PAs to guide them 
through the process of care and treatment. Advanced practice providers must be flu-
ent in all aspects of care and be able to educate and delineate to the patient the rea-
soning behind treatments. Reinforcing the logic of order of treatment plans and the 
biology of the tumor itself help ensure follow up on a long-term basis. Most APRNs 
and PAs, who work in conjunction with an orthopedic oncologist, are trained by 
on-the-job experience or through preceptorship type of practices, serving for long 
periods of time, with an orthopedic oncologist. Advanced practice providers must 
be able to communicate with all other members of the team, physicians and thera-
pists, in order to ensure timely and appropriate treatment and to make sure some 
treatments such as staging studies and surveillance scans are not duplicated or defi-
cient. This active communication serves to improve patient outcomes on the basis 
that, firstly, appointments, tests, and treatments are not missed due to miscommuni-
cation and, secondly, the patient feels as if he/she is a partner in the treatment plan. 
This integration of care has been shown to improve overall outcomes.

17.1	 �Historical Aspects of Orthopedic Nursing and Advanced 
Practice Nursing

Orthopedic nursing can trace its roots to Victorian England, in a village near 
London, called Baschurch. The specialty’s matriarch, Dame Agnes Hunt (December 
31, 1866 to July 24, 1948), is generally recognized and accepted as the first ortho-
pedic nurse. As a child, she had developed secondary septic arthritis of the hip fol-
lowing a bout of septicemia. She trained as a nurse at the Royal Alexandria Hospital 
in Rhyl, a seaside town in Wales, and, soon thereafter, opened a convalescent home 
for crippled children at the Florence House in Baschurch, England. She espoused 
the concepts of “open air therapy and happiness,” encouraging natural, clean air and 
nature to assist with the healing of disease. She taught that “no nurse is worth her 
salt if she has not the joy of life within her and the power of being able to share it 
with her patients.” In 1901, she sought treatment for her own septic arthritis from Sir 
Robert Jones. She had invited him to the convalescent home which he visited on so 
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many occasions that he built an operating room and introduced the use of diagnostic 
X-rays in 1907 to be used in the diagnosis and treatment of orthopedic diseases. She 
devoted her entire nursing career to improving the lives of crippled children and 
those injured by the ravages of war. She was declared a Dame of the British Empire 
in 1926, the highest honor that could be awarded to a woman at that time. When 
asked what were the most important aspects of nursing, she replied, “Common 
sense, gentleness, and kindliness, and the power to give joy and hope to those who 
are suffering.” Hunt died in 1948 at the age of 81. Her ashes were interred in the 
parish churchyard at Baschurch, where there is also a plaque inside the church, 
which reads “Reared in suffering thou shalt know how to solace others’ woe. The 
reward of pain doth lie in the gift of sympathy.”

17.1.1	 �Advanced Practice Providers

Advanced practice providers in the surgical oncology field will typically work 
alongside the physician, augmenting and ensuring continuity and access to the care 
required. Specifically, in the orthopedic oncology field, due to the rarity of the dis-
ease process itself, the APPs serve many purposes. Due to the educational back-
grounds of these providers, they can be used as independent providers seeing new 
patients and established patients. They can work in the operating room as a first 
assist and, depending on the practice, can be billed as an assistant surgeon. APPs are 
educators of patients and staff. They are liaisons, researchers, consultants, expert 
clinicians, navigators, and leaders [8]. Due to the amount of information a patient 
receives at the initial visit, the APP will be able to reeducate and reinforce treatment 
recommendations for the patient throughout the course of therapy, ensure appropri-
ate follow-up on tests and surgeries ordered, and provide education and support for 
the patient and family members. The APP will communicate with other members of 
the sarcoma team, including adult and pediatric medical and radiation oncologists, 
to ensure continuity of care.

The term advanced practice provider is a term used to describe APRNs (NP, 
CNS, CRNA) and physician assistants (PAs) who work in a clinic setting and/or 
hospital setting with a physician or group of physicians. Each advanced practice 
provider brings unique experience to the office practice. APRNs are registered 
nurses who have completed a master’s or doctorate degree in nursing [3]. Doctorate 
degrees can be a PhD or a DNP (Doctorate of Nursing Practice). APRNs who work 
in an orthopedic oncology office would be a clinical nurse specialist (CNS) or a 
nurse practitioner (NP). Neither will have undergone specific class work training in 
orthopedic oncology but will have been trained on the job. Many will have had  
prior orthopedic experience and/or oncology experience. There is a difference 
between a CNS, NP, and PA with respect to their educational classwork and clini-
cal settings.

Historically, the CNS emerged to fill the need for a clinical expert in the hospital 
setting caring for a specific population of patients. The National Association of 
Clinical Nurse Specialists website states “The essence of CNS practice is clinical 
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nursing expertise in diagnosis and treatment to prevent, remediate, or alleviate ill-
ness and promote health with a defined specialty population-be that specialty broad 
or narrow, well established, or emerging. The roles of a CNS include expert clini-
cian, consultant (systems and process analysis), educator, researcher, and leader 
(change agent).”

According to the American Association of Nurse Practitioners website “autono-
mously and in collaboration with health care professional and other individuals, 
NP’s provide a full range of primary, acute and specialty health care services includ-
ing: ordering, performing and interpreting diagnostic tests such as lab work and 
X-rays, diagnose and treat acute and chronic conditions such as diabetes, high blood 
pressure, infections, and injuries, prescribe medications and other treatments, man-
age patients overall care, provide counseling and educate patients on disease pre-
vention and positive health and lifestyle choices.”

A certified registered nurse anesthetist (CRNA) is also included in the term 
advanced practice provider. According to the American Association of Nurse 
Anesthetists (AANA) website “The requirements for becoming a Certified 
Registered Nurse Anesthetist (CRNA) mainly include having a bachelor’s degree in 
nursing (or other appropriate baccalaureate degree), Registered Nurse licensure, a 
minimum of 1-year acute care experience (for example, ICU or ER), and the suc-
cessful completion of both an accredited nurse anesthesia educational program and 
the national certification examination.” Due to some of the surgical techniques and 
adjuvant treatments that are used during surgery, having an experienced CRNA 
working with the orthopedic oncologist provides the best and safest care possible. 
As with an NP, CNS, or PA, a CRNA who works with an orthopedic oncologist dur-
ing surgery will have learned to care for patients on the job.

Working in conjunction with the surgeon and anesthesiologist, the CRNA must 
understand how the use of certain bone grafts and bone fillers affect the patient. For 
example, when bone cement (polymethyl methacrylate) is used to fill the defect in 
bone where the tumor was removed, the CRNA must be aware of the dangers of 
cement emboli, exothermic burn reactions, and even odors within the operating 
room that could cause morbidity to the patient and operating room personnel. 
Another example is the use of cryosurgery, or the instillation of liquid nitrogen in a 
tumor cavity. The CRNA needs to be aware of the risk of gas emboli, vascular 
insult, and even fracture in the patient undergoing cryosurgery. The ability to moni-
tor for gas embolus and then act immediately and appropriately (or even prophylac-
tically) is mandatory.

Communication between the surgeon, anesthesiologist, and CRNA should 
include directions concerning safety of the patient from a neoplastic standpoint. For 
example, a tumor located in the forearm might be able to be excised under a Bier 
block anesthetic. The CRNA must understand that the technique of exsanguination 
of the extremity prior to instilling the anesthetic agent could potentially spread 
tumor cells within the vascular tree, potentially resulting in metastatic disease. 
Therefore, this technique is to be avoided. However, no other specialty including 
routine orthopedics would a Bier block be contraindicated. Likewise, the prophy-
lactic use of antibiotics is commonly under the purview of the CRNA, and, as 
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important as this is in the limb preservation field, the timing of the administration of 
the antibiotic may need to be adjusted when infection lies in the differential diagno-
sis. As one can see, the CRNA must work in collaboration with the surgeon as a 
team member specific to the type of surgery performed by the orthopedic 
oncologist.

The American Academy of Physician Assistants states “A physician assistant (or 
PA) is a nationally certified and state-licensed medical professional. PAs practice 
medicine on healthcare teams with physicians and other providers. They practice 
and prescribe medication in all 50 states, the District of Columbia and all U.S. ter-
ritories, with the exception of Puerto Rico.” Physician assistant programs are 
approximately 26 months, and the course work will include basic sciences, behav-
ioral sciences, and clinical medicine courses including chemistry, biology, microbi-
ology, anatomy, and physiology. Physician assistants can take a medical history, 
conduct physical exams, diagnose and treat illnesses, order and interpret tests, 
develop treatment plans, counsel on preventive care, assist in surgery, write pre-
scriptions, and make rounds in hospitals and nursing homes (AAPA website 2015). 
Over 2000 h of clinical rotations through a variety of settings will complete the 
training.

The role of advanced practice providers in the orthopedic practice is expanding. 
A commonly encountered model is a 1:1 ratio of orthopedic surgeons to nurse prac-
titioners. Advanced practice registered nurses (APRNs) and physician assistants 
(PAs) may practice independently in some states seeing new patients and follow-up 
patients in the clinic depending on the state’s statutes for APRNs and PAs, the nurse 
practice act for that state, and the patients’ insurance. This model would increase 
patient volumes, reduce weight times, and improve patient satisfaction in a variety 
of private practice and academic practices. The APP can help overcome patient 
health education barriers as well as time constraints with regard to scheduling of 
appointments and surgical procedures. In addition, the use of APPs in the office can 
significantly diminish phone calls and visits to the emergency room by properly 
educating patients about symptoms and signs to be monitored. Advanced practice 
providers function in many roles and are highly important in the care and treatment 
of patients with sarcoma. Knowledge and skills are mainly obtained by on-the-job 
training. The benefits of having a knowledgeable APP to the physician and patients 
is great and can help with patient flow as well as patient and family education, mak-
ing the patients’ experience through a very trying time much easier.

17.1.2	 �Registered Nurse

The registered nurse is an integral part of the sarcoma team. At least one RN is needed 
in the office to answer patient phone calls, assist with surgery and radiology schedul-
ing, and assist the physician and APP as needed. Some duties include triaging phone 
calls, calling results, discussing and answering postoperative care questions, and 
assisting with surgery scheduling including working with other surgical specialty 
offices to coordinate a combined surgery. Other duties include filling out FMLA 
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forms and disability paperwork, entering surgery orders, and assisting preanesthesia 
testing nurses with obtaining cardiac clearances and outside lab work as needed. 
Ordering radiology testing and even calling for insurance authorizations may be 
needed. The registered nurse will also have learned about treating sarcomas on the job.

17.1.3	 �Allied Health Professionals

In our facility, the APRN leads a weekly sarcoma conference with the hospital staff 
to discuss the upcoming surgery schedule. The attendees include the hospital surgi-
cal floor nurse managers, social workers, case managers, operating room personnel, 
geneticists, and even dieticians. This meeting is a prospective planning meeting 
discussing the medical, social, emotional, and work-related situations that will 
impact on the patients’ stay in the hospital as well at home when the patient is dis-
charged. All providers who care for sarcoma patients should be knowledgeable 
about sarcomas and treatment. In much the same fashion that the oncologist’s office 
creates an environment whereby the patient senses expertise and caring, the same 
goal and motif should be used during every aspect of that patient’s care.

By attending this weekly sarcoma conference, nurse managers, social workers, 
case managers, and operating personnel are aware and prepared for any special 
needs of the patients and can proactively prepare so the patient can have an optimal 
surgical, hospital, and discharge experience. Many sarcoma patients undergo very 
intricate surgical procedures that require significant postoperative restrictions. 
Therefore, physical and occupational therapists may need extra training to care for 
these patients. By attending the multidisciplinary weekly meeting, the therapists can 
prepare for the patients’ postoperative needs and can even meet patients before sur-
gery and provide education on crutches, walkers, and other assistive devices that 
will aid the patient postoperatively. Another way to educate physical and occupa-
tional therapists is to invite them to observe during surgery and to shadow the sur-
geon in clinic. This helps promote a continuum of care for the patient.

Since every sarcoma patient will undergo multiple radiology scans throughout 
their lifetime, it is important to have radiologists and radiology technicians under-
stand the importance of accurate scanning of these patients. A musculoskeletal radi-
ologist is needed as well as trained radiology technicians. These providers need to 
know the rationale for the techniques used to scan tumors. The radiology techni-
cians will encounter sarcoma patients frequently and will need education regarding 
moving and positioning patients pre and postoperatively. They need education 
regarding the importance of getting an accurate and complete scan of the patient’s 
tumor or surgical site. For example, if a patient has a distal femoral or proximal tibia 
replacement prosthesis, the technologist must understand the importance of 
X-raying the entire prosthesis including the tips of the intramedullary stems. When 
a patient has a tumor around the knee, the technician can explain to the patient that 
a different type of MRI scan is performed when a patient has a tumor versus a 
meniscal tear. This knowledge helps the patient and family members feel comfort-
able that everyone involved in their care is competent.
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This communication with all members of the team will certainly improve that 
care but will also encourage members of the team to be able to explain to the 
patient that they are aware of that particular patient’s situation and that their con-
cerns are being addressed individually. The physicians attend these meetings as 
well; however it is under the guidance of the APP to organize the plan of care. 
When all members of the treating team share an understanding of the patient’s 
medical, social, and psychological situation, the ability for that team to deliver 
tailored care improves. The patient recognizes the team approach to the care and 
becomes more a part of that team, which also enhances the care as well as the 
compliance. As a side note, the involvement with the team, including the therapists 
and case managers, for example, also helps to encourage their personal involve-
ment in each case as well.

An athletic trainer is another allied healthcare provider that may be included in 
the care of a sarcoma patient. It is not common for the sarcoma patient to require the 
services of an athletic trainer; however in the young, athletic patient, these services 
become quite valuable. Specifically, in orthopedics, athletic trainers can expand the 
scope of practice for the orthopedic sports medicine physician. While historically, 
the relationship between the physician and athletic trainer took place on the sports 
field, that relationship is expanding into the physician’s office and physical thera-
pist’s office as well. Athletic trainers perform histories and physical examinations 
relative to the musculoskeletal system, evaluate for injuries, and recommend and 
implement treatment modalities including bracing, therapy, rehabilitation programs, 
education, and prevention. In the office setting, an athletic trainer can focus on those 
exercises that might suit a particular patient for a particular sport, both for the pre-
vention of injury and the treatment of injury. In addition, the athletic trainer may 
work with the patient to enhance their skills at a particular sport by assessing pos-
ture, habits, energy expenditure, and other components of the activity.

The athletic trainer industry has already demonstrated significant growth in a 
very short period of time [9]. In 2006, approximately 34% of certified athletic train-
ers worked in the healthcare environment with the majority being in hospital set-
tings and in the offices of orthopedic surgeons. According to the Bureau of Labor 
Statistics, athletic trainer employment is expected to increase by 24% between 2006 
and 2016, much faster than the average for other occupations. The scope of practice 
now includes physical therapy offices, stand-alone offices, and sports teams.

Athletic trainers practice under state statutes, and these rules and regulations do 
vary by state. They are recognized as healthcare professionals, similar to physical 
and occupational therapists. They are included in the group of allied healthcare 
professionals who require licensure in at least 33 states. An additional ten states 
require abiding by regulations. This increased state regulation and licensure has 
advanced the professional and publics acceptance of the athletic trainer’s role as a 
qualified healthcare provider. The athletic trainer becomes important in the orthope-
dic oncology world for a variety of reasons and in numerous situations. As many 
sarcoma patients and certainly patients with benign bone tumors are young and 
otherwise healthy, they are commonly involved in various sports activities. Since 
the treatment that the patient receives for that tumor will require abstention from 

H. Rosenthal and K. Haynes



343

most sports activities for a period of time, the patient will benefit from the involve-
ment of the athletic trainer in the rehabilitation back to sports. With proper com-
munication with the physician, the AT may initiate some therapies prior to, or even 
while the patient receives chemotherapy, such that by the end of treatment, the 
patient may resume those activities. If the surgical reconstruction requires the 
patient to alter their sports activities, the AT can assist in this fashion as well.

17.2	 �Phases of Treatment

The Sarcoma Center at the University of Kansas is an independent section within 
the department of orthopedics as well as the University of Kansas Cancer Center. 
The facility is an off-campus building within a university medical complex consist-
ing of a medical office building and a hospital with full surgical services, radiology, 
pathology, and other ancillary services. The campus also houses an administration 
building and land for expansion. We are very accessible to a multistate region being 
located on an interstate highway and main thoroughfare. The Sarcoma Center is 
staffed with one physician whose sole practice is that of orthopedic oncology, a 
DNP clinical nurse specialist, a registered nurse, medical assistant, two front office 
employees, a business and practice manager, and a back office employee. In addi-
tion, the full staff of the orthopedic department and a sarcoma/breast cancer director 
maintain various presences within our facility. The accompanying hospital can 
accommodate all but the most difficult cases that might require ICU coverage.

The hospital was designed specifically for sarcoma surgery and treatment. Prior 
to treating our first patient, at this new facility, we met with every employee, from 
the directors to the food service and janitorial staff. In-services were held twice a 
week for several weeks in order to educate every employee about sarcoma and its 
treatment. The goal of these in-services was to ensure that any employee that might 
have contact with our patients would be able to assure that patient that the services 
rendered to the patient were to be delivered with the specific knowledge that it is 
tailored to the sarcoma patient. Even the diet that is ordered, the physical therapy 
they receive, and the cleanliness of the room is tailored specifically for sarcoma 
patients. It is our belief that in this fashion, while the patient arrives in fear and with 
lack of knowledge concerning their disease, they are being cared for by a team that 
is trained specifically in their disease. This gives the patient a better sense of well-
being and security, and we believe that this translates into improved care and pos-
sibly even better survival. Our operating rooms are staffed with two scrub techs and 
two circulators for every case, and each is cleansed and sterilized immediately and 
fully with the closure of every case. Turnover time is less than 15 min. This allows 
for a very optimized and efficient system to be brought into play.

As mentioned earlier, the initial presentation of the patient with sarcoma actually 
begins long before the patient arrives at the orthopedic oncologist’s office. Many 
times the patient may suffer an injury such as a fall or an athletic injury, complain 
of pain, and present to his/her primary care physician’s office. During evaluation, 
various radiographic studies and examinations reveal the presence of a tumor. Given 
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the rarity and concomitant lack of general knowledge concerning sarcomas, there is 
frequently a delay in the referral process to the orthopedic oncologist. The referring 
physician must explain to the patient and family the reasoning behind referral to the 
specialist, not uncommonly located several hundred miles away. In our experience, 
the patient is frequently not informed as to the possibility that the tumor might be a 
malignancy. Therefore, when the referring physician calls for the referral, it is pru-
dent upon either the physician or APP in the orthopedic oncologist’s office to take 
the call in a timely manner. This helps expedite the referral process and alleviate the 
need for the referring physician to order a scan or treatment that may not be neces-
sary or is incorrect. This also provides an opportunity to educate the physician or 
nurse from the referring office about the unique treatment that sarcomas require and 
the importance of getting the patient to the orthopedic oncologist before any surgi-
cal treatment is rendered.

In our experience, direct communication between the surgeon or APP and the 
referring physician actually alleviates some of the stresses associated with sarcoma 
patients. Many times the patient is not aware that the tumor might in fact be a malig-
nancy. The referring physician can inform the patient that he has spoken to the 
oncologist and that a plan of action and an appointment are already being prepared. 
In addition, appropriate radiographic studies and other tests can be performed in a 
timely manner, often prior to the consultation visit.

It is our goal that the time between initial contact and first office visit is within 
7 days or less. This allows enough time for all medical records to be received and 
for the patient to reschedule their activities to allow for a satisfactory consultation 
and plan development. The APP at this point can also arrange for tests and studies 
to be scheduled on the same day that the patient arrives. This will impart to the 
patient a sense of organization, timeliness, and experience when dealing with such 
a rare disease. The patient and their family, as well as the referring physician, then 
gain a sense of security that they are being cared for in a facility with experience in 
sarcoma.

Prior to the patient arriving in the office for their initial appointment, they will 
have received, by mail, an information packet consisting of information about our 
Sarcoma Center, directions to the center, lists of items to bring, expectations, and 
forms that can be filled out ahead of time. There are benefits but also disadvan-
tages to this “preemptive” mailing. The information within the packet provides 
the patient with educational material that will make the initial visit less frighten-
ing. It also allows the patient to fill out forms at his/her leisure rather than while 
in the waiting room. However, it may also cause fear in some patients. For exam-
ple, many patients are never told of their presumptive diagnosis. When they 
receive a mailing discussing cancer, sent by the consulting physician to whom 
they have not met, many questions and concerns abound. Usually, for most 
patients, the added information and efficiency are understood and appreciated. In 
fact, the time saved by not having to fill out forms in the waiting room translates 
into less waiting time and more face-to-face contact with the surgeon, which is 
obviously appreciated.
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17.2.1	 �Office Visit

Upon arrival to the orthopedic oncologist’s office, our registration professionals, 
who have over 11  years of experience in working with and registering sarcoma 
patients, greet the patient, giving verbal and physical indications that the patient is 
in the appropriate facility for the treatment of their disease. Many patients that pres-
ent to our office have not been informed as to the reason for their visit, or they have 
already been seen by three to five other physicians prior to being seen by the defini-
tively treating physician. Therefore, there may already be skepticism, fear, lack of 
understanding, and certainly stress present before their arrival. A calm demeanor as 
well as good eye contact and open body language helps the patient and family mem-
bers feel comfortable in a stressful situation. The waiting room may be filled with 
other patients in varying stages of their treatment that can be quite distressing for the 
patient. Therefore, the waiting room has televisions, serene waterfall computerized 
images, as well as beautiful photographs of landscape scenery to make the waiting 
room more comfortable.

The patient is escorted to the intake room by a member of the sarcoma team, 
usually the patient care technician or registered nurse, who has been trained to 
understand the fear and worries the patient may be experiencing. At this time the 
sarcoma team member will reassure the patient and family members that they will 
be seeing an orthopedic oncologist with over 24  years of experience who treats 
benign tumors as well as malignant tumors. The patient will be informed that the 
surgeon will spend as much time with the patient as needed to answer all of the 
patient’s questions. The staff member can also inform the patient they will be cared 
for by an advanced practice registered nurse with over 23 years of experience work-
ing with the surgeon in the care and treatment of patients with sarcoma. Once initial 
medical information is received and entered into the electronic medical record, the 
patient is escorted to the exam room. The physician or APP will review the informa-
tion and films prior to entering the exam room. The physician or APP will perform 
the interview and preliminary physical exam, and pertinent data will be accrued and 
documented followed by the physician’s recommendations and plans. The time 
spent with the patient will be determined based on individual need and varies 
greatly. Universally, the patient will not remember much of the information that is 
imparted. This is due to the sheer amount of information being given as well as the 
gravity of the realization that a life-altering event is unfolding.

It is here where the importance of the APRN or PA becomes so apparent. 
Following the physician interview, the APP will review, educate, discuss, and 
answer all questions that the patient and family may or may not have asked the 
physician. The plans and procedures discussed with the patient must now be placed 
into action. Therefore, this is the opportunity for the APP to help the patient navi-
gate through and understand the plan that has been laid out for him/her. The treat-
ment plan, including preoperative work up and staging studies, surgical procedure, 
and postoperative plan will be reviewed. Further radiology appointments may need 
to be scheduled at different facilities, therefore the patient will need instructions 

17  Team Approach in the Management of Sarcoma Patients



346

regarding the scan as well as directions to the radiology facility. The APP ensures 
that the patient understands the reasoning behind these studies as well as their 
importance and how to be prepared for them. Surgical biopsy or surgical excision is 
set up, and the patient is educated about the procedure verbally as well as through 
written materials. Also, appointments with medical oncology and radiation oncol-
ogy may need to be scheduled, possibly at another facility. Since many of our 
patients come long distances, they will not be familiar with the city, which adds 
more anxiety. The APP will individualize the planned treatment and review this 
information with the physician so optimal care can be provided. If the patient has 
additional questions, or special needs are found by the APP, the physician can be 
brought back into the room for this further discussion. Since many sarcoma patients 
come from far distances to the orthopedic oncologist’s office, travel time, inconve-
nience, and time away from work must all be considered.

Behind the scenes, appropriate employment forms, Family Medical Leave Act 
(FMLA) forms, and work or school excuses are either filled out for the patient or 
filled out after the patient leaves the office, by the registered nurse (RN) or 
APRN. Once the patient’s appointment has ended, much, if not all of the entire plan 
of care, including staging studies, radiographic studies, and even surgery and 
appointments with other members of the sarcoma team are scheduled. As the 
patient’s appointment ends, he/she should feel much more confident that people 
who care about providing expert care and treatment are individualizing their care.

17.2.2	 �Advanced Practice Registered Nurse Role

As previously mentioned the APRN will either be a clinical nurse specialist or a 
nurse practitioner depending on which educational track was followed in the 
advanced degree program. The APRN is a licensed independent practitioner who is 
responsible for managing health problems and coordinating health care for a popu-
lation of patients in accordance with state and federal rules and regulations and the 
state’s nurse practice act. The direct role of the APRN varies depending on the 
practice and hospital environment that he/she works in. Licensure of the APRN 
allows for the direct involvement in surgery as well as in the office environment. 
The APRN may act as first assistant in the operating room, write notes and orders, 
and assist with the discussions with families and the patients themselves. The APRN 
may be able to perform certain procedures outlined by the scope of the practice. In 
addition, the APRN may conduct hospital rounds, write orders, take call, and per-
form admission and discharge orders and work including assistance with case man-
agers in the disposition of patients. Depending on the business layout of the facility, 
the APRN can bill for services as well. The APRN can also perform research activi-
ties both on the clinical and basic science level in conjunction with the physician on 
a collaborative basis if patients are involved. At many academic centers, the APRN 
will also provide education and training to other staff and students. This is com-
monly accomplished by clinical preceptorships as well as through didactic lecture 
series. Most importantly, the APRN ensures the maintenance of clinical excellence. 
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Oversight and communication are two of the most important components of the 
advanced practitioners’ role and duties.

Advanced practice registered nurses must be certified by one of two national 
certifying boards. If the APRN is a clinical nurse specialist, the American Nurses 
Credentialing Center (ANCC) offers a national exam for five different specialties. 
This certification lasts 5 years. The APRN certified as a clinical nurse specialist 
(CNS) could also hold the specialty certification of Orthopedic Clinical Nurse 
Specialist-Certified (OCNS-C), which is also a 5-year certification. If the APRN is 
a nurse practitioner, the NP can choose to take the national certifying exam through 
the ANCC which currently offers nine specialty exams or through the American 
Academy of Nurse Practitioners Certification Program which currently offers three 
specialty areas and could also have the specialty certification as Advanced 
Orthopedic Nurse Practitioner-Certified (ONP-C). Both of the NP certifications also 
are for 5 years.

According to the National Association of Orthopedic Nurses (NAON), the fol-
lowing criteria need to be met to be eligible to recertify for the ONC (Orthopedic 
Nurse Certified):

In addition to having a master’s degree or higher in nursing from an advanced 
practice nursing program, the nurse practitioner and clinical nurse specialist exam 
candidates who currently hold ONC certification need at least 1500 h of advance 
practical nursing work experience during the 3 years prior to applying to recertify 
and must be currently working in the orthopedic field. The OCNS-C exam is no 
longer available, but those clinical nurse specialists who currently are certified will 
continue to keep the certification as long as the educational requirements for certifi-
cation are met.

Exam candidates who do not currently hold ONC certification must have at least 
2500 h of work experience as an NP in orthopedic practice during the 3 years prior 
to applying for the exam and must currently work as an NP in orthopedics. The 
examination for board certification includes approximately 150 questions of which 
one third are devoted to degenerative orthopedic disorders with the remaining 
questions covering inflammatory disorders, metabolic bone diseases, neoplasia in 
the musculoskeletal system, neuromuscular and orthopedic trauma, as well as 
pediatric congenital and sports injuries. Recertification occurs every 5 years and 
requires 125 contact hours of continuing education. If the continuing education 
contact hours have not been met during the 5-year period, the APRN will need to 
take the written exam.

The essential responsibilities of the APRN include independent functioning to per-
form clinical evaluations of patients with musculoskeletal tumors, documentation of 
the same by performing histories, and physical examinations. (S)he can order and 
interpret diagnostic, radiographic, and therapeutic tests relative to the patient’s diag-
nosis and presentation. The APRN may prescribe appropriate pharmacologic treat-
ment modalities and implement interventions to support the patient’s medical needs. 
Patients with sarcoma present challenges that might not be seen in the typical medical 
office. Commonly patients travel great distance to see the orthopedic oncologist. 
These many tests, X-rays, staging studies, surgery scheduling, as well as consultations 
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from other physicians such as radiation, medical, or pediatric oncologists can often be 
difficult to organize and can become overwhelming to patients. Therefore, one of the 
more difficult responsibilities of the APRN is the facilitation of the patient’s transition 
between medical settings and ensuring proper and timely communication and col-
laboration between the members of the medical team.

Within the clinic setting, the APRN may function as an independent practitioner, 
alongside the orthopedic oncologist. This role allows for the APRN to function as 
an independent healthcare provider thus providing treatment opportunities and edu-
cation to patients without the surgeon being present. This allows the APRN to triage 
patient’s problems based on their acuity, severity, and need for surgical manage-
ment. Treatments such as injections, bracing, splinting, and even minor surgical 
procedures such as suturing of lacerations can be performed. In addition, the nurse 
practitioner may function as a first assistant in the operating room, allowing for bet-
ter communication and education with the patient and family following the proce-
dure. The APRN can often more effectively communicate with the family with 
respect to surgical findings and outcomes, which improves continuity of care.

Orthopedic oncology remains a specialty that is dominated by academic prac-
tices. The role of the APRN, therefore, may not be typical of that role in other non-
academic settings. For example, most APRNs that practice in conjunction with the 
orthopedic oncologist in an academic setting will be employed by the hospital’s 
department of nursing rather than by the department of orthopedic surgery. Thus the 
APRN carries the duties outlined not only by the physician with whom (s)he is 
aligned but also those duties or requirements outlined by the department of nursing 
of the hospital. While this could potentially produce a cumbersome workplace envi-
ronment, it is beneficial in that it allows the orthopedic oncology APRN to be 
involved with nursing committees and to be connected with other APRNs in differ-
ent areas.

The APRN of orthopedic oncology in an academic setting may also have more 
opportunities for research. The vast array of conferences, programs, and students 
lend to the availability of reaching out into the research world, be it clinical, psycho-
social, or even basic science research. The Musculoskeletal Tumor Society provides 
a concurrent nursing meeting with the medical program where the APRNs, RNs and 
PAs participate in lecture or didactic, or poster presentations, forums, and invited 
speakers sessions. This national meeting creates a forum where the APRNs and 
physician assistants may enhance their practice by learning from the experiences of 
others in their same situation.

Currently, to be an APRN, the registered nurse must complete a master’s pro-
gram following the NP or CNS track and then pass the national certification exam. 
However, in the near future, to be an advanced practice registered nurse, a doctor of 
nursing practice (DNP) will be the requirement to work as an APRN. The doctor of 
nursing practice degree is a postgraduate degree requiring between 2 and 3 years of 
additional education at the doctoral level. Additional courses in subjects such as 
epidemiology, nursing and politics, leadership, as well as the business aspect of 
medicine are offered.

H. Rosenthal and K. Haynes



349

17.2.3	 �Physician Assistants

Physician assistants require training in accredited programs under the auspices of 
the Accreditation Review Commission on Education for the Physician Assistant. 
Most programs are at least 26 months in duration and are associated with medical 
schools, colleges and universities, and some stand-alone hospitals. The PA educa-
tion promotes the development of practical skills in clinical problem solving and 
decision-making [4]. The program consists of classroom and laboratory instruction 
in basic sciences, medical and behavioral sciences, anatomy, physiology, pharma-
cology, and clinical diagnosis. Training also requires clinical rotations that may 
include primary care specialties as well as surgical specialties, psychiatry, and 
emergency medicine. Prior to being licensed, PAs take a national certifying exami-
nation administered by the National Commission on Certification of Physician 
Assistants. This certifying exam also functions as a de facto licensing exam. All 
states require passing of this exam as a prerequisite for licensure as a PA. In addi-
tion, PAs must complete 100 h of continuing education every 2 years and pass a 
recertification examination every 6 years.

The scope of practice for the PA is defined by delegation decisions and the 
scope of practice of the supervising physician, consistent with the PA’s education 
and experience, facility policy, and state laws. Upon graduation the PA may 
choose specialization, and their scope of practice may then further be defined by 
the specialty of physician with whom they work [7]. The PA working in the 
orthopedic oncology specialty will most likely gain most of their postgraduate 
education from on-the-job training which would be tailored to a specific practice. 
The PA performs physical examination, checks histories, orders and interprets 
diagnostic tests, and may prescribe medications and therapies in many states [6]. 
Like the APRN, the PA may assist in surgery and perform certain surgical proce-
dures outlined by the practices scope. In the hospital setting, the PA conducts 
rounds, may write orders, take call, and perform admission and discharge work. 
The physician will most likely define the role of the PA in the orthopedic oncol-
ogy practice, and their education and involvement will be tailored to that specific 
practice. This role includes education to the patient and families as well as navi-
gation through the system to ensure timely and appropriate treatment for the 
patient with sarcoma. The PA must also communicate with the other members of 
the treatment team and relay relevant information to the patient in a timely 
manner.

Unlike the APRN who as mentioned above may be employed in a department 
other than orthopedic surgery, the department of the supervising physician most 
commonly employs the PA. Therefore, the department may be able to bill for the 
services rendered by the PA, both in surgical activities and clinical duties. Adherence 
to Medicare billing procedures is absolutely required in the same fashion as all other 
employees, residents, and colleagues of the physician. The scope of practice of the 
PA will be determined and set more precisely by the supervising physician. This 
allows for a tailored team approach for that specific physician.
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18Psychosocial Issues in Children 
with Cancer: The Role of Patient 
Advocacy and Its Impact on Care

Victoria A. Sardi-Brown, Mary Jo Kupst, Peter J. Brown, 
and Lori Wiener

18.1	 �Introduction

“Your child has cancer.” To a family, these four words are excruciating and life 
altering. Yet, 15,700 families in the United States hear these words each year [1]. 
Regardless of who you are, no matter what your professional, educational, and 
cultural backgrounds are, when your child is diagnosed with cancer, it “is not just 
about the medicine” [2]. The common factors that unite all children and families 
are the psychological and social concerns, fears, and day-to-day management of 
the disease. Once parents are told, “your child has cancer,” the whole family is 
affected and forever changed [3–7]. Childhood cancer is as much a psychological 
disease as it is a physical one in which children and families need help managing 
the day-to-day isolation, pain, treatment challenges, and the consequences on their 
daily life. Childhood cancer threatens every aspect of the family’s life and the pos-
sibility of a future.

This chapter describes psychosocial care, illustrates its critical role in the care of 
the child with cancer, discusses the importance of a therapeutic alliance with the 
health-care team, and reviews psychosocial interventions from the time of diagnosis 
through survivorship, relapse, or end-of-life care. The importance of patient advocacy 
and its impact on medical care is highlighted, and challenges to achieving optimal 
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psychosocial care are discussed. Finally, the collaboration between parent advocates 
and leading health-care providers that is currently underway to develop and imple-
ment national psychosocial standards of care for childhood cancer is described.

It is important to note that the authors of this chapter consist of two parent advo-
cates who lost their only child, Mattie, to osteosarcoma as well as two practicing 
pediatric psycho-oncologists. Our life circumstances may have brought us together, 
but it is our great admiration and respect for each other that keep us working 
together. Throughout the chapter, the unique set of challenges, stressors, and con-
cerns children living with a sarcoma and their families face are illustrated through 
the experience of Mattie and his parents. Mattie’s parents give voice to Mattie’s 
courageous journey.

18.2	 �Who Was Mattie?

Mattie was born on April 4, 2002, by cesarean section with an Apgar score of 9. 
Mattie was a precocious child who demonstrated many strengths, such as a sense of 
humor, observational skills, ability to understand how things worked (at the tender 
age of 2, he was disassembling and reassembling his Hot Wheel cars with a screw-
driver), empathy beyond his years, and a vivacious and veracious need to have fun 
and convince others to participate in his antics. In July of 2008, when Mattie was 6 
years old and attending a tennis camp, he complained of pain in his right arm. When 
his symptoms got worse, his pediatrician ordered an X-ray, which revealed a mass 
suggestive of osteosarcoma in Mattie’s right humerus. CT, MRI, PET scans and a 
biopsy confirmed four primary tumor sites: (1) right humerus, (2) left humerus, (3) 
right femur, and (4) left radius. Mattie’s parents were informed that their only child 
had multifocal synchronous osteosarcoma.

Sixteen days after diagnosis, Mattie began 14  months of treatment including 
high-dose combination chemotherapy with doxorubicin, cisplatin, methotrexate, 
ifosfamide, and etoposide. He underwent limb-salvaging resections in two-staged 
surgical procedures, with custom endoprosthetic reconstruction and autogenous 
bone grafting. His tumors demonstrated a discordant response to chemotherapy, 
based on percentage of necrosis: 60% in the right humerus, 80% in the left humerus, 
100% in the left radius, and 2% in the right femur. Eleven months after his initial 
diagnosis, Mattie had another major surgery, a sternotomy, to remove nine meta-
static tumors that developed in his lungs. Mifamurtide (L-MTP-PE) was also added 
to Mattie’s treatment.

This only lists the medical procedures Mattie courageously endured. What 
Mattie’s parents and family members observed was his struggle to learn how to cope 
with the profound functional impact of his surgeries and the change in his daily life 
thanks to his treatments. He could no longer walk, run, dress, or toilet himself. 
Within months of his second surgery, Mattie began working with a child psychiatrist 
who diagnosed him with clinical depression, anxiety, and medical posttraumatic 
stress disorder. He was started on Celexa and Klonopin to reduce his significant 
sadness and anxiety.
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In August of 2009, only 6 weeks off of chemotherapy, scan results revealed that 
Mattie’s cancer had spread to his lungs and liver. Conversations with Mattie’s medi-
cal team turned from curative intent to end-of-life care. Mattie’s family had to face 
a parent’s worst fear: the reality that their child was dying and the stressful and 
frightening medical decisions associated with this reality.

18.3	 �Communicating with Children: History

Given the critical role of psychosocial care in cancer, it is surprising that the subspe-
cialty of psycho-oncology is fairly new. However, prior to the mid-1970s, tremen-
dous stigma surrounded a cancer diagnosis, which was usually fatal. Often, children 
were not informed of their cancer diagnoses. Over time, as the stigma began to 
diminish, more open conversations about the name and type of disease, potential 
side effects, and outcomes were possible. These conversations allowed physicians 
and other health-care professionals to more fully explore the child’s psychosocial 
well-being and, later, to study children’s psychological responses [8].

Important research findings helped change practice as well. Studies found that 
children who were not provided information about their illness or prognosis under-
stood much more than was originally thought, even when false reassurances were 
given about their situation [9–11]. Concurrent clinical observations supported the 
fact that children’s anxiety lessened as they found comfort in being able to talk 
about their own health concerns in a developmentally appropriate manner. The out-
come of studies from the 1970s changed the overall practice of pediatric care, 
emphasizing open communication about cancer between children and their health-
care professionals and encouraging parents to dialogue with their children about the 
disease. The findings illustrated the “enormous strength of children in facing even 
the most dire news if they can be assured that those around them will answer their 
questions honestly and not abandon them” [12] (p. 133). Furthermore, this change 
fueled the inclusion of mental health professionals on childhood cancer treatment 
teams [9–11].

18.4	 �What Is Psychosocial Care and Who Provides It?

Psychosocial care can be defined as services and interventions that enable patients, 
their families, and health-care providers to optimize biomedical health care and to 
manage the psychological, behavioral, and social aspects of illness and its conse-
quences to promote better health [13]. Specifically, the goal of psychosocial care is 
to address the effects that cancer and its treatment have on the mental health and 
emotional well-being of patients, their family members, and their professional care-
givers. In addition, provision of psychosocial care has been shown to yield better 
management of common disease-related symptoms and adverse effects of treatment 
such as pain and fatigue [14–17]. Research also indicates that distressed emotional 
states can generate somatic problems, such as sleep difficulties, fatigue, and pain 
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[18, 19], which can confound the diagnosis and treatment of physical symptoms. 
Moreover, depression and other psychosocial concerns can affect adherence to 
treatment regimens by impairing cognition, weakening motivation, and decreasing 
coping abilities [13].

The American Academy of Pediatrics created guidelines [20] for state-of-the-art 
care for children and adolescents with cancer. These guidelines delineated the 
importance of multidisciplinary care in treatment outcomes and recommended that 
pediatric oncology social workers, pediatric psychologists, and child life specialists 
work alongside medical staff. Recommendations have been made for families 
impacted by childhood cancer to also have access to support groups [20, 21]. Other 
critical disciplines include psychiatry, neuropsychology, nursing, educational spe-
cialists, creative arts, chaplaincy, and career and vocational counseling [22]. Though 
these professional groups are well trained and ethically competent to manage psy-
chosocial issues and concerns, ideally attention to psychosocial issues should not be 
the sole responsibility or role of just these professionals but rather all providers 
caring for the child with cancer.

Another critically important component of psychosocial care is palliative care. 
For many centers, palliative care has been viewed as being synonymous with “end-
of-life care,” with involvement by subspecialty palliative care teams only when 
death was imminent [23]. Fortunately, this is changing. Palliative care is now much 
more holistic, typically comprised of an interdisciplinary approach that includes 
physicians, nurses, psychosocial clinicians, and others [24] who aim to improve the 
child’s quality of life by alleviating physical, psychosocial, and spiritual suffering of 
the child and family regardless of disease status [25, 26]. A sarcoma diagnosis is 
rare in children, and it inherently carries with it medical uncertainty, as well as 
physical and psychosocial suffering. Therefore, it is appropriate to introduce and 
include comprehensive palliative care from the time of diagnosis onward [23]. If 
end-of-life care is needed, the palliative care team will already be in place, with 
focus transitioning to the child’s comfort and family support.

In 2008, psychosocial care received increased attention in the oncology world 
following the publication by the Institute of Medicine (IOM) entitled Cancer Care 
for the Whole Patient: Meeting Psychosocial Health Needs. The report translated 
research findings about psychosocial care into practical applications for the purpose 
of improving the quality of cancer care. Evidence was reported for several effective 
interventions, including counseling and psychotherapy, pharmacologic support, ill-
ness self-management and self-care programs, family and caregiver education, and 
health promotion interventions [14]. Importantly, the IOM emphasized that optimal 
care includes the provision of appropriate psychosocial health services [13].

Providing optimal care requires a paradigm shift and an acknowledgment that 
every patient-health-care professional interaction provides an opportunity to assess 
the stressors and concerns the patient and their family members are facing, particu-
larly when designing treatment plans. While this should be done for everyone who 
has cancer and their family, it is especially critical for children. Children who are 
distressed remember certain procedures with greater negativity, which in turn pre-
dicts higher distress with subsequent events [22]. When sufficient information about 
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the child’s psychological and social strengths, stressors, and preferences are 
obtained from the child and the parents, health-care professionals can tailor their 
specialty services more precisely to the child’s needs, thereby averting possible 
negative or traumatic reactions. Moreover, a therapeutic alliance between the health-
care professional and the patient/parent can be formed, which is vital toward pool-
ing resources together toward a common goal [27]. When a therapeutic alliance is 
established, children and their parents are more likely to feel a part of the treatment 
team. This is critically important for parents who feel vulnerable and powerless over 
their child’s disease [28]. The following examples illustrate how incorporating psy-
chosocial care into each patient interaction can allow trust to be developed and care 
to be delivered in a manner that allows children to use their resources to cope more 
effectively.

During the diagnostic phase of his cancer journey, Mattie underwent countless 
IV sticks, physical exams, MRI, and CT scans. The pace of these assessments was 
overwhelming for Mattie, and with each new test, his awareness and knowledge 
grew that something was very wrong. While at first he handled the tests well, with 
repeated exams his frustration grew, his tolerance began to decline, and his anxiety 
rose to the point where even sitting for a brief consultation was impossible. At one 
point, when entering the CT scanning room, Mattie hid under the scanner in tears. 
He was absolutely hysterical, refusing to come out from his hiding place. Coaxing 
by multiple staff members was ineffective. The scheduling window to get his scan 
done passed, which of course had consequences on the timing of all his other assess-
ments that day. Mattie’s response was a sign of fear and trauma. The compounded 
traumas that Mattie experienced during his first weeks of being diagnosed set the 
stage for larger issues later in his treatment.

Mattie’s parents encouraged his oncologist and treatment team to consider sedat-
ing Mattie for all scans, but they were consistently told that PET and CT scans were 
short and noninvasive and, for safety reasons, it would be better for Mattie to man-
age without sedation. The team believed that, with staff and family reassurance and 
some distractions, Mattie could manage the scans without sedation. His parents 
tried to explain that Mattie had sensory integration issues prior to his cancer diagno-
sis and that he was highly sensitive to sound, tight spaces, and being confined in any 
way. They were aware that these neurodevelopmental issues would be key factors in 
his ability to stay still for the scans. It was not until the head nurse of pediatric seda-
tion and the child life specialist observed the terror Mattie experienced when 
attempting a CT scan that a new scanning strategy was implemented. If psychoso-
cial information about his sensory issues and coping abilities had been obtained 
upfront, the additional anxiety, stress, fear, and trauma from having to stay still in 
the scanner could have potentially been avoided. Unfortunately, this stress carried 
over into all treatments he perceived as invasive.

The second example occurred while Mattie was undergoing treatment. During 
morning rounds on the inpatient unit, the attending oncologist found Mattie upset, 
tired, and feeling ill. When he did not feel well, he tended to emotionally shut down, 
refusing to cooperate with medical demands, especially when they came from medi-
cal personnel he was not familiar with.
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The attending oncologist could have left his room and returned when it was a 
better time. This would have been understandable, as calming Mattie down and 
reasoning with him was a time-consuming process. Instead, she spent the time figur-
ing out how to relate to Mattie. While in the room, her pager went off. This caught 
Mattie’s attention. He wanted to know more about the pager. The oncologist pulled 
out her pager, showed it to Mattie, and allowed him to play with it, and they sent 
messages around the hospital together. A connection was made.

What did this connection accomplish? From a medical standpoint, the oncologist 
was able to examine Mattie and obtain the medical information she needed in a 
positive and non-stressful manner. Perhaps more importantly, the beginning of a 
strong rapport and a trusting therapeutic alliance was formed. Taking the time to 
understand her patient’s fears, behavior, and interests enabled the oncologist to 
effectively provide Mattie with care. Toward the end of Mattie’s life, it was this 
physician he confided in about his pain. He knew she would take him seriously. If 
children trust you, they will reveal more to you and also comply more with your 
medical directions [29].

18.5	 �Time Points During the Cancer Trajectory 
for Psychosocial Intervention: Providers’ Perspectives

As noted, learning that one’s child has cancer is a time of significant distress and 
family upheaval. Families find themselves confronted with a world where new med-
ical information is being thrust upon them while decisions need to be made about 
potentially lifesaving treatment options, each of which poses risks for long-term 
health consequences. The child undergoes many transitions throughout the cancer 
trajectory from diagnosis to first treatment, intra-treatment transitions (e.g., chemo-
therapy to surgery, surgery to chemotherapy, radiation to chemotherapy, etc.), 
resulting in the end of treatment to survivorship, survivorship to relapse, relapse to 
survivorship, or survivorship to end-of-life care. The following section reviews psy-
chosocial stresses that occur from the point of diagnosis on, with attention provided 
to the unique needs of youth living with a pediatric solid tumor.

18.5.1	 �Diagnosis Period

This is a time of tremendous uncertainty. Symptoms that had appeared benign (such 
as leg pain, a fracture) are worked up to rule out a malignancy. An MRI, CT, or PET 
scan may be scheduled and blood work obtained while families anxiously await the 
results. As described in the case with Mattie, children who undergo extensive test-
ing with little psychological preparation can be traumatized by the experience. They 
can perceive the tests as an assault on their body and feel confused as to why their 
parents are not protecting them from harm.

When the diagnosis of a sarcoma is given, further testing is required to determine 
specific histology and to rule out metastatic disease. Parents frantic about their child 
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being diagnosed with cancer may find themselves relieved when the disease appears 
to be limited to the primary site or even more overwhelmed by news of a less favor-
able prognosis. While waiting for final results, children perceive their parents’ dis-
tress, adolescents fear what cancer means in terms of their life expectancy and 
day-to-day life, and together with the medical team, treatment options are explored. 
Oncologists should be aware of these dynamics and the enormous stress families are 
under. This is an important time to engage the help of a mental health professional 
who can assess the child’s understanding, concerns, and ability to adapt to change 
and the family’s strengths and vulnerabilities. When available, the child life special-
ist can help the child obtain mastery (and therefore be less traumatized) of needle 
sticks and other invasive and noninvasive tests through medical play, while other 
professionals, such as a social worker or psychologist, can foster the child’s expres-
sion of new events and begin to help the family adapt to the changes that will follow. 
If a line placement is being considered, psychosocial support can be very helpful in 
introducing the concept of line placement, access, and regular care of dressing 
changes plus flushing of lines.

Parents also struggle to find the right words to explain cancer and cancer treat-
ments to their child. Mattie’s parents worked with his art therapists to find images 
he would be able to relate to. Since Mattie loved bugs, they created “bone bugs” 
made out of clay. His disease was conceptualized using a clay bone bug. He visual-
ized the clay bug crawling inside his bones, and when given the option, he grabbed 
the clay bone bug and smashed it on the floor with his foot to kill it, representing 
what chemotherapy would be doing inside his body. Other children find it helpful to 
think of chemotherapy as Pac-Man going through their body, destroying all the 
cancer cells.

18.5.2	 �Treatment Considerations

While treatment decisions are being made, the child and family are introduced to 
new medical and support personnel. The information presented can be quite over-
whelming, and the role that each new staff person will have in the child’s care can 
seem similar and be confusing. Providing families written information on the names 
and roles of the professionals within the team, including psychosocial providers 
(pictures taken from your institution’s website can help enormously) and how they 
can be contacted begins the process of establishing trust, enhancing a sense of con-
trol, and promoting open communication.

The consent process can also be particularly stressful for families. In childhood 
cancer, families must assimilate a vast amount of information and make decisions in 
a short period of time. If not all caregivers can be present, audio recording the ses-
sion allows others to hear the information at a later time. It is important that the 
patient is included in the consent process along with his or her caregivers and that 
information is provided using developmentally appropriate language. Families gen-
erally have little experience with the difference between standard treatment and 
clinical trials. In childhood cancer, parents often do not retain the information about 
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the research nature of the protocol, but primarily focus on the specifics of the treat-
ment as well as potential prognosis [30]. They benefit from explanations about 
experimental questions being asked as part of the recommended therapy. The con-
sent process extends beyond the signing of a document and ideally takes place 
slowly with multiple opportunities to assess their understanding and answer ques-
tions as they occur [31].

18.5.3	 �Treatment Initiation

The onset of treatment is a particularly stressful time for families. In sarcomas, 
aggressive surgical options may be considered, especially when the intent is for 
cure. This includes limb salvage surgeries and, less frequently, amputation. Families 
benefit from extensive preparation for such surgeries, including opportunities to 
discuss the multiple consequences of the procedure (expected outcome, functional 
expectations, pain, disability, deformity, and changes in appearance). Time is 
needed for the child and family to psychologically prepare for surgery [32].

When available and interested, some children and adolescents can benefit from 
discussion with other patients who have received similar procedures. As limb sal-
vage surgery does not guarantee postsurgical function at the same level that the 
child had prior to surgery, expectations need to be clearly spelled out. These include 
the possibility of surgical complications and the need for future revisions, postsurgi-
cal wound healing complicated by adjuvant chemotherapy, and time provided to 
process the information, ask questions, and obtain support. Staff members who are 
trained to provide guidance and support at this time are physical and occupational 
therapists, social workers, child psychologists, and child life specialists [33]. 
Following surgery, the medical team and psychosocial providers should assess for 
emotional adjustment, anxiety, depression, family adaptation, and posttraumatic 
stress-like reactions. The outcome of this assessment can set into place the most 
appropriate interventions for the child and family.

When a limb-sparing procedure is not possible, amputation can be a very diffi-
cult option to accept. Similar to limb sparing, it might be helpful for children and 
adolescents to discuss the surgery and life after surgery with another amputee, 
though keep in mind that not all youth are comfortable seeing another person’s 
stump prior to their own surgery. There are books and movies that youth and their 
parents have found helpful prior to surgery (Table 18.1). Social work, psychology, 
or recreation therapy may be helpful in preparing for surgery and providing support 
following amputation. Postsurgery, important concerns and questions pertaining to 
sexual function, activity, intimacy, and occupational concerns must be addressed 
and a follow-up plan developed and documented.

Phantom pain can be an issue for which multidisciplinary assistance is needed, 
including, as noted earlier, the involvement of a palliative care team. In addition to 
medication (tricyclic antidepressants, anticonvulsants), noninvasive therapies such 
as acupuncture and biofeedback [34, 35] are often utilized. More invasive options 
include steroid injection, spinal cord stimulation, or implanted devices. Surgery is 
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done only as a last resort. Physical therapists can be instrumental in providing tools 
such as mirror therapy and nerve stimulation (TENS), and psychologists have had 
some success with guided imagery, relaxation techniques, and hypnosis [36–38]. 
The effectiveness of cognitive behavioral therapy in pediatric pain has been well 
documented [39, 40], and neuropathic pain syndromes have been reported in a num-
ber of case studies [41]. Interestingly, studies have shown little to no difference in 
quality of life in those who underwent limb salvage as compared to those who 

Table 18.1  Psychosocial resources for children and their families with sarcomas

Topic/area Resources

Books for 
children

1. Annie Loses Her Leg but Finds Her Way by Sandra J. Philipson and 
Robert Takatch. Chagrin River Publishing Company, 1999

Annie and her brother Max experience the illness and recovery of their 
9-year-old English Springer Spaniel who loses her leg to cancer

2. What’s Up With Lyndon? by Dr. Kim Chilman-Blair and John Taddeo. 
American Cancer Society, 2011. [available in Spanish]

Childhood osteosarcoma is explained in an informative story that makes the 
science behind cancer accessible to young readers

Books for teens 1. Every Child Needs an Angel by Cosmo Lorusso. iUniverse

This story narrates Nicole’s battle with cancer, her reliance on faith, and her 
mission to help others and to make a difference. It recounts the unwavering 
support from friends, neighbors, coworkers, medical staff, and coaches – 
those who became angels to Nicole in her time of need

2. Just Don’t Fall: A Hilariously True Story of Cancer, Childhood, 
Amputation, Romantic Yearning, Truth and Olympic Greatness by Josh 
Sundquist. Penguin Group USA, 2010

At 9 years old, Josh Sundquist was diagnosed with Ewing’s sarcoma that 
eventually claimed his left leg. Just Don’t Fall is the story of the boy Josh 
and of the young man he became – an utterly heroic struggle through 
numerous hospitalizations and worse to become an award-winning skier in 
the Paralympics and renowned motivational speaker

3. A Special Kind of Courage by Geraldo Rivera. Simon and Schuster, 1976

True stories of 11 modern youths who have faced various crises, including 
death, with exemplary courage

4. Teenagers: Face to Face with Cancer by Karen Gravelle and Bertram 
John. Julian Messner, 1986

Young people, ranging roughly in age from 13 to 21, speak candidly, 
recalling the initial shock of their diagnoses, their treatments, and pressures 
at school. They address how relationships with family, friends, and 
romantic interests change, reflect on their futures, and discuss how they 
deal with the possibility of death

5. What It Takes: Fighting For My Life and My Love of the Game by Tom 
Coughin and Mark Herzlich. ePub, 2013

Mark Herzlich, a starting linebacker for the New York Giants, was 
diagnosed with Ewing’s sarcoma during his junior year of college. This 
story is about his fight against the odds to get through treatment and into the 
NFL

(continued)
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Topic/area Resources

Books for 
parents/adults

1. All the Kings Horses, All the Kings Men by Donna Purves. iUniverse

All the Kings Horses, All the Kings Men is a moving account of the life of 
the author’s son, previous to and following the discovery of the presence of 
osteogenic sarcoma

2. Childhood Cancer: A Parent’s Guide to Solid Tumor Cancers, 2nd 
Edition, by Honna Janes-Hodder & Nancy Keene. O’Reilly & Associates, 
1999

Detailed medical information about solid tumor childhood cancers, 
including neuroblastoma, Wilms tumor, liver tumors, soft tissue sarcomas, 
and bone sarcomas

3. Children with Cancer: A Comprehensive Reference Guide for Parents by 
Jeanne Munn Bracken. Oxford University Press, 1986

A comprehensive road map for families of children diagnosed with various 
malignancies

4. Fighting Chance: Journeys Through Childhood Cancer by Harry 
Connolly, Tom Clancy, & Curt I. Civin. Woodholm House Pub, 1998

This book follows patients, families, and caregivers battling cancer in and 
out of the hospital. Photographed over the course of 3 years, it includes 
contributions from best-selling author Tom Clancy and Dr. Curt Civin, 
director of Johns Hopkins Hospital’s Pediatric Oncology Unit. Other 
insights come from nurses, parents, siblings, and the children themselves

5. Fly with a Miracle by Sheila Belshaw. London: Denor Press. 2001

Fly with a Miracle describes the details surrounding the pioneering and 
successful medical treatment in the United Kingdom for bone cancer, 
through the eyes of a mother and her son (the patient) who is determined to 
become an airline pilot

6. Soul Gifts by Barbara Gill (2006)

The author speaks of how we are all connected – “The Human Chain” – 
and how this connection can be used for peace and prosperity, not by 
organizing for “the cause” but by living it, one at a time

7. What Doctors Cannot Tell You: Clarity, Confidence and Uncertainty in 
Medicine by Kevin B. Jones

What Doctors Cannot Tell You explores the uncertainty that pervades 
medicine. The patients’ stories empower readers to ask questions of their 
physicians, with a firm belief that healing and hope begin from honesty in 
those critical conversations

Siblings 1. Hey, What about Me?: A Personal Journal for Teens Whose Brother or 
Sister Has Cancer by Pam Ganz. SuperSibs!, 2003

2. When Your Brother Or Sister Gets Cancer by K. Ballard. Produced in 
association with Birmingham Children’s Hospital Sibling Group and 
UKCCSG Sibling Project Group, 2004

Survivorship 1. At Face Value: My Triumph Over A Disfiguring Cancer by Terry Healey. 
Cabeat Press, 2006

The story of Terry Healy who was diagnosed with cancer at age 20 and how 
he learned to cope with the scars that were left behind

2. Very Much Better: A Cancer Memoir of a Boy Who Lived by Jason Paul 
Greer. American Cancer Society, LLC, 2011

The story of Jason, a Ewing’s sarcoma cancer survivor

Table 18.1  (continued)
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Topic/area Resources

Grief and loss 1. Love, Jason by Doug Anderson. Deep River Books

The story of a couple’s experience during their son’s 5-year battle with 
Ewing’s sarcoma and eventual loss

2. When The Bough Breaks: Forever After the Death of a Son or Daughter 
by Judith R. Bernstein. Andrews McMeel Publishing, 1998

This book addresses mourning, documenting the process of evolution from 
initial grief to an altered outlook on life. Excerpts from interviews with 50 
parents who lost a child from ages 5 to 45 trace the road from utter 
devastation to a revised view of life, resulting in a work that is a tribute to 
resilience and the indomitable human spirit

Helpful 
websites/
resources

1. Cancer.net

Website: http://www.cancer.net/cancer-types/sarcoma

This website provides basic information, videos, and links to other 
resources

2. LMSarcoma Direct Research Foundation

Phone: 1-888-266-1104

Website: http://www.lmsdr.org; this website provides specific information 
and resources for leiomyosarcoma

3. Sarcoma Alliance for Research Through Collaboration

Phone: 734-930-7600

Website: http://www.sarctrials.org/

4. Sarcoma Foundation of America

The website offers patients information and support, informational links, 
clinical trials, and a public forum

Website: http://www.curesarcoma.org

E-mail: info@curesarcoma.org

Phone: 301.253.8687 Fax: 301.253.8690

5. SarcomaHelp.org – The Liddy Shriver Sarcoma Initiative Phone: 
914-762-3251

Website: http://sarcomahelp.org/

6. The Life Raft Group (supporting the gastrointestinal stromal tumors 
community)

Phone: 973–837-9092

Website: http://www.liferaftgroup.org

Support groups 1. Synovial Sarcoma Support Group

Website: http://www.synovialsarcomasurvivors.org

2. The Sarcoma Alliance (web page has groups for most states in the United 
States)

Website: http://sarcomaalliance.org/support-groups/

(continued)
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Topic/area Resources

Financial 
Services

1. Aid to Families with Dependent Children (AFDC)

A joint federal and state-funded program that offers monthly checks for the 
care of dependent children who are in financial need because their parent(s) 
cannot provide them with needed financial support

Website: http://www.acf.hhs.gov/programs/ofa

2. Andre Sobel River of Life Foundation

Helps with urgent expenses, allowing single parents to stay at their child’s 
bedside during catastrophic illness. The organization works directly with 
affiliated children’s hospitals

Website: http://www.andreriveroflife.org

3. American Childhood Cancer Organization (formerly Candlelighters)

Formed by parents of young cancer patients, has an ombudsman program to 
assist families and survivors with problems in education, employment, 
insurance, welfare, or military enlistment. Provides information, local 
support groups, and specialized information to families and caregivers of 
children with cancer

Phone: 855.858.2226

Website: http://www.acco.org/

4. Cancer Care

Provides financial assistance to help with some types of costs, including 
transportation, home care, childcare, and pain medication

Website: http://www.cancercare.org

5. First Hand Foundation

Helps children with health-related needs when insurance and other financial 
resources have been exhausted

Website: www.firsthandfoundation.org

E-mail: Firsthandfoundation@cerner.com

6. Foundation for Children with Cancer

Assists families of children with cancer by providing tangible and direct 
financial support, such as mortgage payments, insurance premiums, utility 
bills, or funeral expenses

Phone: 414.716.6250

Website: http://www.childrenwithcancer.org

7. Insure Kids Now

A national campaign to link the nation’s uninsured children (0–18) to free 
and low-cost health insurance

Phone: 877.Kids.Now (877.543.7669)

Website: www.insurekidsnow.gov

8. Local Department of Human Resources and Social Services

Each county’s Department of Human Resources (DHR)/Social Services 
(DSS) has an office or individual to handle requests for emergency 
assistance. DHR or DSS can assist with rent or monthly payments, moving 
expenses, utility bills, and financial help toward prescriptions and medical 
supplies. The phone number of DHR/DSS is in the county government 
section of one’s local telephone directory

Table 18.1  (continued)
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underwent amputation, with good adjustment and overall acceptance to amputation 
by adolescents [42]. In adult populations, limb salvage appears to be more socially 
acceptable, with lower reported rates of social isolation than in those who had 
undergone amputation [43, 44]. Clinicians should be astute in asking about per-
ceived social isolation postsurgery and during the child’s survivorship phase. 
Ongoing screening and follow-up are needed to address delayed or previously 
unidentified psychosocial difficulties.

Chemotherapy is almost always utilized in the treatment of bone sarcomas and 
many soft tissue sarcomas. Patients are often very concerned about nausea and vom-
iting as well as hair loss. Consultation with a wig maker prior to all hair loss is 
preferable as it allows selection of a wig that matches the child’s current appear-
ance. Some children are able to donate their own hair prior to it falling out. Others 
prefer not to wear a wig but opt for hats, scarves, or baldness. Preparation for how 
the hair starts to fall out is useful as some will choose to avoid the gradual loss by 

Topic/area Resources

9. National Children’s Cancer Society (NCCS)

Financial and fundraising assistance related to medical treatment, such as 
lodging and travel. Provides advocacy support, interceding on behalf of 
children with bills, home care needs, insurance companies, hospitals, and 
other agencies to negotiate reasonable solutions

Phone: 314.241.1600

Website: https://www.thenccs.org/#

10. Ruritan Club

Local clubs help families pay for medical equipment and supplies, 
prescription medications, and medical transportation. Listing for local clubs 
can be found in the business section of a local white pages directory or the 
national Ruritan office

Phone: 877.787.8727

Website: http://www.ruritan.org

11. State and Local General Assistance Programs

Designed to provide small amounts of cash assistance to individuals who 
are not eligible for AFDC or SSI or who are awaiting enrollment in another 
income subsidy program. Check the county’s DHR/DSS to determine if the 
state or county has a General Assistance Program and where to call or how 
to apply

Scholarships 1. Kyle Lee Foundation

Awards scholarships to college-bound students who have survived cancer, 
especially Ewing’s sarcoma

Website: www.kylelee28.com/Kyle

2. National Amputation Foundation

Awards limited to entering freshmen who have had a major limb 
amputation and are full-time college or university students

Phone: 516.887.3600

Website: http://nationalamputation.org/scholar1.html

Table 18.1  (continued)
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cutting or shaving their hair very short in advance. In addition, following myelosup-
pressive chemotherapy, patients are encouraged to avoid crowds. This can be most 
difficult for teens who do not wish to limit social interactions. Furthermore, for 
adolescent and young adult patients, fertility conversations are necessary prior to 
induction treatment. Males may delay start of therapy for sperm banking. Some tri-
als exist for ovarian tissue harvest, but for many, chemotherapy cannot be delayed 
for the necessary hormone treatments.

Radiation is often used at some point during treatment for a sarcoma. Child life 
specialists, psychologists, or social workers can prepare children for radiation ther-
apy, including what the machines look like and the time required for simulation. 
Distraction and cognitive behavioral tools can be very effective in reducing anxiety 
[45, 46]. For those who will require radiation to the brain, neuropsychiatric testing 
and follow-up assessments should be considered due to the known CNS toxicities. 
For adolescent males for whom radiation is planned for the testes, sperm banking 
should be offered and ovarian transposition for ovarian protection considered when 
radiation is planned for the abdominal/pelvic region [47].

Throughout treatment, physical discomforts and psychosocial stresses persist. 
Pain, mouth sores, nutritional concerns, diarrhea, or constipation often occurs. As 
most children are not in the habit of discussing such bodily habits, guidance and 
support to encourage open disclosure about these important topics can be useful. 
Psychosocial stresses can persist as well. Poor adherence to medically required care 
is often a sign of patient or family distress. Routine adherence assessment and mon-
itoring are encouraged. When problems are identified (e.g., doses are missed), a 
patient or family meeting is needed to understand barriers to compliance and to set 
clear guidelines and expectations for care. Some centers have found increased mon-
itoring, obtaining the support of additional family members, adjusting medication 
dose (to address side effects), creating reminder cues, and developing a contract 
with the adolescent patient that identifies critical elements of care useful.

Other signs of psychosocial stress include increased anxiety, persistent sadness, 
withdrawal from friends, and difficulty learning to live with reduced physical mobil-
ity. Each of these should be a trigger for a consultation with a mental health profes-
sional knowledgeable about living with cancer.

18.5.4	 �Survivorship

Overall, survivors of childhood cancer have been reported to have a high rate of 
medically significant chronic conditions, particularly those who were treated for a 
bone sarcoma [48–50]. Chemotherapy and radiation therapy are stressful for youth 
to undergo, and surgery is often part of the treatment received. Tumor-induced 
changes in body image, school reentry [51, 52], loss of fertility, and impact on 
future independence can be especially challenging in the adolescent and young 
adult population where sarcomas can have their peak occurrence [53, 54]. The 
Children’s Oncology Group [55] has developed comprehensive guidelines for mon-
itoring pediatric cancer survivors. Excellent resources addressing the long-term 
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psychosocial impact of pediatric cancer survivorship are also available. Due to the 
high rate of obesity in pediatric cancer survivors, physicians actively promoting 
healthy lifestyles are of utmost importance.

18.5.5	 �End of Therapy

As exciting as the last cycle of chemotherapy can be, the shift from regular hospital 
visits, frequent labs, and physical exams to more independence can be anxiety pro-
voking. Parents and children benefit from being prepared for the anxiety that often 
accompanies scan visits. The psychologist or social worker can introduce the chil-
dren and family to cognitive and emotionally based behavioral tools that can help 
reduce anxiety and cope better in the days preceding the scan visits.

Families also benefit greatly from having a transition and survivorship care plan 
developed by their primary team so that anticipatory guidance can be given. Helping 
teens learn how to maintain their medical care and advocate for themselves helps 
make the transition from the pediatric setting to adult oncology care smoother and 
can lead to better health-care compliance. Many centers now provide patients in 
their survivorship clinics with survivorship care plans [55, 56] that document the 
treatments they have had, potential or existing late effects, and a timetable for con-
tinued surveillance.

18.5.6	 �When Cure Is No Longer Possible

The course of sarcoma treatment for some children is characterized by a series of 
treatment responses and relapses leading to a time when curative options are 
exhausted. Health-care providers need to respect each family’s decisions to stop 
treatment or to participate in phase I clinical trials, delicately balancing quality of 
life issues with those related to palliative care, grief, death, and loss. Conversation 
about the child’s and family’s goals for care is fundamental to all decisions made. 
Children, 14 years and older, have been identified as the age group that needs to be 
routinely included in advance care planning and end-of-life decision-making [57]. 
Allowing them to be included helps maintain their autonomy in an uncontrollable 
situation [58]. Voicing My CHOiCES, a new adolescent advance care planning 
guide, can provide the teen with a communication tool to express their opinions 
about their care and how they wish to be remembered in the future [59–61].

Open discussions that address painful decisions, including home versus hospital 
care for the dying child, advance directives, autopsy [62], and funeral arrange-
ments, are best held once it is understood that cure is no longer possible. However, 
the care team needs to respect that families approach a child’s pending death dif-
ferently and therefore the need for access to information about funeral arrange-
ments, autopsies, and other legacy building strategies and materials may vary 
based on many factors, including the timing of the child’s death. Parents appreciate 
understanding that hope still exists and the important role they play in instilling it 
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within themselves and for their child during the dying process. Hope can be rede-
fined for parents by redirecting their energies toward managing pain and maintain-
ing the highest quality of life possible for their child while striving for a humane 
and dignified death (the absence of anxiety and pain and the presence of loved ones 
by their child’s side) [31].

It is important to address the emotional needs of parents, siblings, and extended 
family in the context of families’ expectations, unfulfilled dreams, values, and 
beliefs. As death approaches, families often need assurance that they have done all 
they could for their child. The health-care team’s availability, participation, and 
investment in caring for the dying child are crucial to and appreciated by all fami-
lies, even those who appear to be coping well on their own. Spiritual care profes-
sionals can be of enormous support for some families during this time.

18.5.7	 �Bereavement Support

The child’s primary medical team (physicians, nurses, social workers, child life 
specialists, psychologists, and pastoral and other health-care providers who have 
often developed relationships with the family over a period of months or years) can 
be an important source of support for bereaved parents and other family members 
[24]. An abrupt end of contact soon after the child’s death can be experienced as 
abandonment. Although many medical, nursing, and psychosocial providers make 
an effort to support the bereaved family, there are no existing guidelines and a lim-
ited evidence base suggesting timeframes for when staff members should contact 
the family after the child’s death. Clinical practice clearly indicates that hospitals 
have an obligation to provide some level of bereavement follow-up to the child’s 
family [63–67]. There is also sufficient descriptive evidence to recommend that 
follow-up calls to assess how the family is managing after a child’s death by a mem-
ber of the medical team who helped care for the child with cancer are helpful and 
appreciated by the parents [68]. A bereavement assessment is considered essential 
to the appropriate management of grief-induced emotional distress [69].

Importantly, no qualitative or quantitative data has been found to suggest that a 
phone call, contact, or conversation can be harmful. In fact, there is data that par-
ents who are not contacted by a member of the team who cared for their child are 
both “noticed” and “regretted” [70]. Moreover, a minimum period of 13 months of 
bereavement support is the National Hospice and Palliative Care Association 
Standard [71]. These facts suggest that the standard of care should consist of at 
least one meaningful contact between psychosocial staff members and bereaved 
parents following the death of a child to cancer. The purpose of this call to the 
child’s family is to assess how the family is coping; to let them know they have not 
been forgotten; to identify families who are at risk for negative physical, psycho-
logical, and social sequelae; and to provide resources for community bereavement 
support [68, 72].

The psychosocial needs and care of patients with pediatric solid tumors and their 
family members can be particularly challenging at any point along the disease 
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trajectory. Successful treatment requires a comprehensive approach that builds trust 
and a therapeutic alliance among health-care providers, the patients, and their fami-
lies. Once this is established, psychosocial support can assist in the treatment-related 
challenges in a manner that respects the autonomy of the individual and encourages 
patients to be active participants in their care [56, 73]. While patients can be active 
participants, to optimize their care, they need and benefit greatly from the advocacy 
efforts of their families.

18.6	 �Patient Advocacy and Its Impact on Care

Patient advocacy can be a complex arena to navigate for families whose child has 
been diagnosed with cancer. Who is the patient’s advocate? Does the child have just 
one advocate? Within the hospital setting, children and their families are introduced to 
many advocates, most commonly the “patient advocate” or “patient representative.” 
According to the American Hospital Association, “patient advocates are essentially 
problem solvers. They bridge gaps, ease communication, guide people through 
bureaucratic mazes, act as liaisons and interpreters and help keep everyone in the 
system focused on the consumer” [74] (p. 7). These advocates are employed by the 
hospital, and their goal is to ensure patient satisfaction and the delivery of quality care 
[75–77]. In addition to advocates within the hospital, families may also have advo-
cates within the community, such as other family members, friends, foundations, and 
professional organizations who provide essential support for childhood cancer treat-
ment and research and empower the community to join in this fight against cancer.

If you ask parents and family members who the number one advocate for their 
child with cancer is, the most likely response will be themselves. After all, no one 
knows the child better, cares, loves, or is as invested in the child as the family. 
Patient advocacy is defined as “parents speaking and acting on behalf of their child, 
as an intercessor and champion, to ensure that their child’s needs are met” [28]. 
However, to parents and other family members, hospitals can be intimidating places 
that have their own culture, use their own language, and have their own hierarchy. 
Adjusting to all these environmental changes initially can make it difficult for par-
ents and family members to effectively advocate for their child with cancer. 
Nonetheless, parents and families rise to the occasion under the most dire and 
stressful circumstances to make complex, life-altering, medical decisions for their 
children throughout the cancer journey [78, 79].

Parents and families want to be involved in their children’s medical care, and this 
form of advocacy is consistent with family-centered care. The concept of family-
centered care arose in the United States in the 1980s as part of the conference of the 
Surgeon General that was focused on children with special health-care needs [80]. 
Family-centered care received a legislative mandate in 1986 with passage of US 
Public Law 99-457 that requires that the whole family be treated as the recipient of 
services for children with special needs, and with family members deciding ways 
they want to be involved in decision-making about health and education services for 
their child [28, 81, 82].
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Positive outcomes for both children and their parents have been found when 
parents play an active role in the health-care process [28, 81, 82]. In fact, parents of 
children with chronic illness have reported less stress and better emotional well-
being when care was rated as more family centered [83]. Specifically, with cancer, 
parents have been included as coaches and co-therapists in interventions to reduce 
pain, anxiety, and distress during cancer-related medical procedures such as veni-
puncture, lumbar puncture, bone marrow aspiration, intramuscular and intravenous 
injections, and accessing ports. Studies of the efficacy of these interventions indi-
cate that they are successful in reducing child pain, anxiety, and distress [28, 84–
88]. The parent advocate influences medical care, and therefore parents must be 
taken seriously as a valuable member of the medical care team. In fact, parent 
involvement in medical rounds has been shown to affect medical decision-making 
in 90% of cases [89]. Therefore, the inclusion of parents in the treatment process is 
not only beneficial to the child and the family but impacts the overall effectiveness 
of medical care.

In 2003, Holm et al. conducted a groundbreaking study to explore the ways in 
which parents participated in their child’s medical care [28]. Forty-five parents 
whose children had completed cancer treatment at least 1 year prior to the study 
participated. The results found that parents identify themselves as performing the 
role of an advocate for their child particularly during the diagnosis and treatment 
phases. However, the disconnect between parents’ intimate knowledge of their chil-
dren and limited knowledge of medical terms and procedures made it difficult for 
some parents to advocate for their children. Furthermore, given the high regard for 
medical professionals in our culture, some parents said they did not know whether 
it was okay to press the medical team, particularly the physicians, when they had 
questions or concerns because they did not want to be disrespectful. Other parents 
talked about being intimidated by the environment or by the physicians. Given that 
parents and family members play a significant role in the treatment team, it is impor-
tant for physicians to be aware of the fears, insecurities, and other factors that could 
potentially prevent open communication with these individuals. Ultimately it is the 
responsibility of parents and family members to ask questions about their child’s 
care, but it is also the responsibility of medical professionals to set the appropriate 
tone and safe environment to receive such questions.

During the diagnostic phase, parents expressed two main strategies of advocacy 
such as seeking a medical explanation for their child’s symptoms and persisting 
until a diagnosis is obtained [28]. The research illustrated that parents are keen 
observers of their children and can identify subtle, yet key, observations that may 
otherwise be overlooked by the medical community. These observations can impact 
the timeliness of a cancer diagnosis. When parents bring their children to their pedi-
atrician seeking answers, in most cases the children present with symptoms that are 
not especially unusual. However, because parents know the nuances of their own 
child’s behavior, they can advocate for their child by insisting that the pediatrician 
evaluate the symptoms as something beyond the ordinary illness. In some cases, 
however, families need to be persistent in order to obtain the correct diagnosis. 
Pediatricians need to respect the role parents play in their child’s medical care as 
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well as understand their concerns as it relates to the changes they are observing in 
their child’s health and overall wellness.

During the treatment phase, parents express four main strategies of advocacy 
[28]. The first strategy is informing. Once children are diagnosed with cancer, most 
parents develop a veracious appetite to learn everything about their child’s cancer. 
Parents find their own ways of doing this, whether by paper, electronically, or 
through contacts with friends and family members. The second strategy is deciding 
upon the course of action for their child’s medical treatment. This includes which 
medical facility to use for treatment, choosing medical team members, deciding on 
treatment options, whether to participate in clinical trials, and determining when to 
report changes in symptoms in order to necessitate additional medical care. The 
third strategy is limiting medical procedures for their child. Examples of a limiting 
strategy would be when parents refuse to have blood pressure checks taken when 
the child is sleeping or refusing bedside procedural scans at convenient times for 
radiology technicians. The final strategy is affirming the child’s medical profession-
als. Relationships often extend throughout treatments and sometimes continue once 
treatment is over. It is important for health-care professionals to be aware of the 
strategies associated with patient advocacy, because understanding that such strate-
gies exist will enable professionals to assist families in successfully negotiating 
through them.

Holm et al.’s advocacy strategies [28] were well operationalized in Mattie’s case, 
particularly the skill of “persisting” as a form of advocacy. When Mattie was 
13 months into treatment, his parents persistently advocated to obtain answers as to 
his constant pain and inability to eat. He was 6 weeks off of chemotherapy, still 
receiving MTP-PE, an experimental immunotherapy, twice a week. Mattie was 
weak and participating in an aggressive physical therapy schedule in the hopes of 
regaining strength and the ability to walk in preparation for returning to school in 
the fall. However, Mattie refused all food and would not consume even water. He 
lived on IV fluids only. He kept insisting that he was in pain and that he needed pain 
medication to manage his symptoms. Mattie’s parents received many consults, and 
the advice ranged from this being a side effect of the chemotherapy, that he was 
manipulating them for control, or that he was not eating because he was addicted to 
pain medication. When the symptoms persisted, his parents requested that Mattie 
undergo new scans, despite only being 6 weeks from completing a very aggressive 
course of chemotherapy. The team agreed and CT results confirmed that Mattie’s 
cancer had metastasized to his liver and lungs. This scenario illustrates that child-
hood cancer does not always follow any set scientific pathway or checklist and 
therefore it is vital to listen to the insights from the patient. There should also be 
some caution used about assigning blame to parents regarding their child’s behavior 
(in this case with regard to the manipulation of food and pain medication) before 
ruling out other medical explanations for symptoms. Such pronouncements to par-
ents can have devastating and long-lasting consequences.

Another advocacy strategy that parents find helpful is the “informing strategy.” 
This can be implemented by maintaining a webpage, updating Facebook or a 
Caring Bridge page, or, as in the case of Mattie’s parents, creating a blog. Mattie’s 
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mother (Victoria Sardi-Brown) still maintains the blog today though the focus of 
her writing has shifted from helping Mattie battle osteosarcoma to the aftermath 
of losing an only child. Though “informing” is typically thought of as acquiring 
as much information about cancer as possible, health-care professionals should be 
aware of the positive benefits families may receive from informing friends, fam-
ily, and their care communities about their child’s cancer journey and their 
experiences.

The second form of advocacy during the treatment phase [28] is the “deciding 
strategy.” Following a cancer diagnosis, most parents know very little about child-
hood cancer. They express shock and feel overwhelmed when presented with a vari-
ety of treatment options for their child. Many of the options may entail care at a 
center that is geographically distanced from the family’s home. Mattie’s parents 
were presented with a treatment option at one major comprehensive cancer center 
that involved high-dose chemotherapy and limb-salvaging surgery with Repiphysis 
technology. They found the whole notion of surgery daunting and felt the need to 
consult with another major cancer institution for a second opinion before consent-
ing to surgery. To their dismay, they found that these cancer institutions recom-
mended two very different treatment plans. In fact, the recommendation presented 
to Mattie’s parents at the second cancer institution was to move directly to end-of-
life care, since they felt Mattie had no chance of survival.

Parents consult medical professionals for help making decisions regarding their 
child’s cancer care. They are under tremendous stress when asked to understand 
medical facts, clinical research, and what seems to be a whole new set of language 
skills. Contrary recommendations are not only confusing, but induce feelings of 
confusion and helplessness. Health-care professionals need to be aware of these 
stressors on families and provide the necessary support to make decisions during 
such critical times. The Mattie Miracle Cancer Foundation [2] points out that 
childhood cancer care “is not just about the medicine,” a point illustrated by how 
the two institutions looked at Mattie’s case differently. One focused on the sheer 
medical probability of successfully surviving cancer, whereas the second was will-
ing to fight his cancer aggressively so that he could have as much time with his 
family as possible. These are subtle differences that have an enormous and empow-
ering impact on the family. Parents respond best to having options presented that 
take into account evidence-based data along with parental priorities, the child’s 
psychosocial needs and abilities, and short- and long-term consequences. Treatment 
choices should always be within the hands of the parents as they are the ones who 
have to live with the long-term consequences of these decisions. Once a decision is 
made, the team should support the parents’ choice. What may appear to be an inno-
cent comment by a health-care professional may not be perceived that way by a 
parent. Furthermore, such comments may be remembered many years later by par-
ents. Similarly, health-care professionals should acknowledge that the patient/fam-
ily/physician fit is crucial for effective cancer care. While rare, physicians and their 
pediatric families should confront a poor fit head on, and when resolution attempts 
are not effective, changes to care team members should be recommended in order 
to impact optimal care.
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The last advocacy strategy Holm et al. highlighted in the treatment phase was 
“affirming” [28]. The relationships that parents establish with medical professionals 
extend throughout treatment and sometimes continue after treatment is over. The 
treatment protocol that Mattie and his parents endured was extremely grueling, 
resulting in Mattie spending most of the 14 months of treatment within a hospital 
setting, with very few days at home. Mattie even elected to die at the hospital. He 
selected that option because, by that point, the hospital was his second home. Other 
than Mattie’s parents, he had no other family geographically close by; effectively, 
hospital personnel had become his extended family. On the day that Mattie died, 
hospital personnel who were part of Mattie’s care team came to visit him and his 
parents to pay their respects and say their final farewell. In essence there was an 
impromptu memorial service in Mattie’s room with 20 people sitting around him in 
a circle, sharing stories, reflections, and supporting Mattie’s parents and each other 
through this loss. Mattie’s parents remain close to several members of Mattie’s care 
team, and it is through these continued connections and relationships that they feel 
they are further able to keep Mattie’s presence and memory alive. The lesson learned 
for optimal care is that there is a great deal clinicians can gain from the lived experi-
ences of patients and their families who have received your medical and psychoso-
cial services. Families are usually eager to share their insights and feedback with 
health-care professionals and are most grateful for the care provided to their child.

Advocating for one’s child is part of the expected role of being a parent. What 
sets parents of children with cancer apart from those with normal developmental 
issues is that they face life and death situations, make difficult decisions, and observe 
their child endure painful and frightening treatments. The very nature of cancer and 
its uncertain prognosis contributes to a chronic sense of vulnerability and power-
lessness. Actively advocating for their child’s needs appears to be one important 
way parents are able to restore a sense of control and protect their child as well as 
cope with their own grief and uncertainty [28]. Parents want the medical team to ask 
them about their child, above and beyond their medical needs. Parents bring the 
expertise of being vigilant, knowing their child best, and noticing and responding to 
subtle changes in their child that are important from the time of diagnosis and 
throughout treatment. Developing a therapeutic alliance, based on active collabora-
tion and mutual respect, is a fundamental key to childhood cancer care.

18.7	 �The Need for National Psychosocial Standards of Care

Given the growing recognition that psychosocial care is an important component of 
comprehensive care for people diagnosed with cancer [13], there is a demand for 
accountability and outcome-driven, cost-effective models for this care. Psychosocial 
clinicians are being challenged to standardize their approach and evaluate the effi-
cacy of their clinical efforts [90, 91]. There are potential barriers that can prevent 
high-quality care from being provided consistently across sites. Table 18.2 identifies 
specific problems that can become barriers to care and suggests interventional strat-
egies for programs to consider in order to reduce obstacles to care.
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In 2012, adult psychosocial researchers formulated standards addressing the 
psychosocial component of adult cancer care and issued clinical practice guide-
lines [92]. They also developed and implemented measurable indicators for the 
quality of psychosocial care in oncology settings. Recent standards for the psy-
chosocial care of children with cancer and their family members have been pub-
lished [93]. Though the methods utilized in the development of standards of 
psychosocial care for adult cancer patients may be useful to the process of devel-
oping childhood cancer standards, the specific elements are most likely to differ 
significantly [91, 93].

Table 18.2  Barriers and recommendations to achieve optimal psychosocial care

Problem Barrier Recommendation

Financial and system 
constraints

Pediatric cancer centers have 
varying amounts of resources and 
funding which can limit the depth 
and breadth of psychosocial 
services

• � Provide psychosocial staff 
with opportunities to 
network with staff at 
comprehensive centers; 
attend relevant meetings

• � Efforts to obtain funding 
for positions from local 
foundations

Access to psychosocial 
services

Billing structures and mental 
health carve-outs limit who can be 
seen in many centers

• � Administration efforts to 
include staff in panels

• � Educate staff to advocate 
with insurance companies

• � Letters of medical necessity

• � Obtain local funding to 
cover uninsured costs

Access to resources Health-care team lacks information 
about existing resources and how 
to access them

• � Designate knowledgeable 
psychosocial staff to present 
information, algorithms to 
access information

Conflict and confusion 
in medical situations

Differing goals of medical team 
and family

• � Early meetings with team 
and family to discuss goals

• � Continued check-in with 
family through treatment

Problems in 
communication

Lack of time, differing schedules, 
avoidance, lack of understanding 
of the skill sets of interdisciplinary 
team members

• � Regular care conferences

• � Psychosocial staff can 
facilitate communication in 
meetings with medical 
team

Problems in staff 
expertise in pediatric 
psychosocial issues

Lack of training and experience in 
understanding family dynamics 
and belief systems as well as 
coping with the stresses of 
diagnosis, treatment, and end of 
life

• � Ensure hiring of appropriate 
staff

• � Provide opportunities for 
relevant training through 
coursework, conferences, 
in-services
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18.8	 �The Impetus Behind the Development of National 
Childhood Cancer Psychosocial Standards of Care

The devastation of losing a child to cancer is both unimaginable and indescribable 
for parents. Such a death symbolizes a reversal of the natural order of life, and it 
erases the dreams and hopes that parents have for their child and for themselves 
[94]. Parents may continue to grieve long after the death of their child [95, 96]. Such 
chronic grief has been associated with many psychological (e.g., depression, anxi-
ety) and somatic symptoms (e.g., loss of appetite, sleep disturbances, fatigue), 
including increased mortality risk [94, 96–98].

After the death of a child, many parents are left with a changed attitude about 
their employment. They may find that work is no longer rewarding and that their 
priorities in life are quite different. Instead, they are compelled to be involved in 
more meaningful activities that will build a legacy for their deceased child [94], 
such as the creation of a cancer foundation. Many nonprofit childhood cancer foun-
dations across the United States have been started as the direct result of a child’s 
cancer diagnosis or death. Foundation work is a heartfelt, passionate labor of love 
in which parents dedicate their time and energy to memorialize their child, to help 
other children and families battle cancer, and to find a way to reengage back into a 
world which no longer includes their child.

In November of 2009, 2 months after the Browns lost Mattie, they created the 
Mattie Miracle Cancer Foundation, a 501(c)(3) tax-exempt public charity. Mattie 
Miracle, based in Washington DC, is dedicated to addressing the psychosocial needs 
of children and families living with childhood cancer as well as educating health-
care providers on the impact of such a diagnosis on children and their families. The 
Foundation enhances awareness, advocacy, and access to psychosocial support on 
both the local and national level. Locally, Mattie Miracle funds a child life specialist 
position and offers a pediatric nursing support group and free snack carts to inpa-
tient pediatric families at hospitals in Washington DC and Baltimore, MD.

The Browns’ cancer experience has inspired them to voice a vision for pediatric 
psychosocial standards of care, in which every child and family should have access 
to an optimal level of critical psychosocial services, regardless of where a child is 
treated. After Mattie’s death, they began advocating on Capitol Hill. Though staff-
ers were supportive of the concerns addressed, the number one question posed at 
each visit was “what are the evidenced-based practices for psychosocial care and 
treatment for children with cancer and their families?” Mattie Miracle did not have 
answers to this question, but felt compelled and motivated to find them. In 2011, 
Mattie Miracle had the opportunity to connect with Brett Thompson, a lobbyist and 
now partner at Banner Public Affairs. Brett worked with the Foundation on a pro 
bono basis and convinced the cofounders that they should take a risk and hold the 
first ever Childhood Cancer Psychosocial Symposium at the Capitol Hill Visitor’s 
Center. The goal of this event was to provide the community and lawmakers with 
access to cutting-edge psychosocial research and clinical practice delivered by a 
panel of psychosocial oncology experts (Anne Kazak, PhD, Scientific Chair of the 
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Symposium; Robert B. Noll, PhD; Andrea Farkas Patenaude, PhD; Ken Tercyak, 
PhD; and Lori Wiener, PhD), along with insights from parents whose children bat-
tled cancer. The Symposium was filled to capacity with registrants representing 12 
different states from across the country. Attendees included nurses, social workers, 
professional counselors, child life specialists, art therapists, occupational therapists, 
psychologists, medical doctors, congressional staffers, and childhood cancer advo-
cates. Mattie Miracle wanted to capitalize on the momentum from the Symposium 
on Capitol Hill and consulted with Dr. Lori Wiener and Dr. Anne Kazak on next 
steps. They encouraged Mattie Miracle to think more broadly and to sponsor a psy-
chosocial think tank where leaders in the field could brainstorm the creation of 
Standards of Care for Childhood Cancer. The American Psychosocial Oncology 
Society, a national organization dedicated to psychosocial aspects of cancer care, 
invited Mattie Miracle to host the think tank at their 2013 annual conference in 
Huntington Beach, CA. It was at this think tank that the Psychosocial Standards of 
Care Project for Childhood Cancer was born.

18.9	 �The Psychosocial Standards of Care Project 
for Childhood Cancer

Extensive preparation work by the Mattie Miracle psychosocial core team of experts 
was done to launch the first think tank, whose long-term goal was the development 
of evidence-and consensus-based, comprehensive, implementable twenty-first-
century pediatric psycho-oncology standards of care. The first step was a synthesis 
of existing attempts to standardize the clinical practice in pediatric psycho-oncology. 
Wiener et al. [91] reviewed literature from 1980 to 2013 to identify existing guide-
lines, consensus-based reports, and standards for psychosocial care of children with 
cancer and their families. Twenty-seven publications about psychosocial care met 
the inclusion criteria, consisting of (1) articles describing standards, guidelines, or 
consensus-driven reports in the field of pediatric psycho-oncology with an explicit 
focus on pediatric or adolescent oncology patients published in a peer-reviewed 
journal in English between 1980 and 2013 or (2) psychosocial cancer care standards 
which did not exclude pediatric oncology patients. Despite persistent calls by a 
number of international childhood cancer oncology and psycho-oncology profes-
sional organizations about the urgency to address the psychosocial needs of children 
with cancer, none of these articles were sufficiently up-to-date, comprehensive, spe-
cific enough, or evidence or consensus based to serve as a current standard for 
psychosocial care of children with cancer and their families.

In addition to the literature review, think tank participants and their colleagues 
completed an online survey exploring the perceived needs of children with cancer 
and their families in all settings where a child with cancer could be treated. This 
data was qualitatively analyzed and presented at the think tank. A major goal of the 
think tank was to obtain consensus on what the “essential” elements for psychoso-
cial care should be. An “essential” element, as developed by Livestrong [99], is 
defined as having a positive impact on morbidity, mortality, and/or quality of life, 
can be implemented across a variety of care settings, is supported by an evidence 
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base, and has been agreed upon through consensus of the provider community. 
Recognizing varying resources and data to support the provision of each recom-
mended standard, elements were identified as “essential” (to be provided to all chil-
dren with cancer), a “high need element” (all settings should provide direct access 
or referral to this element of care when possible), or a “strive element” (all settings 
should strive to provide direct access or referral to this element of care).

During the think tank, participants reached consensus on essential elements for 
the care of children with cancer, and, as a result, four working groups (Screening 
and Assessment, Child and Family Psychotherapeutic Interventions, Staff and 
Documentation, School Issues (social and neurocognitive)) were formed. The work-
ing groups consisted of 22 psychologists, three psychiatrists, five social workers, 
one nurse, two oncologists, and five parents from the United States, Canada, and the 
Netherlands. The working groups were represented by several professional groups: 
American Psychosocial Oncology Society (APOS); International Psychosocial 
Oncology Society (IPOS); Society of Pediatric Oncology (SIOP); Children’s 
Oncology Group (COG); National Association of Pediatric Social Work (APOSW); 
American Psychological Association, Division 54 (APA); Oncology Nursing 
(APHON); and American Association of Child Psychiatry (AACAP).

Following this groundbreaking think tank, working groups held monthly confer-
ence calls, led by a core think tank group leader. Each group reviewed the clinical 
literature to ensure, when possible, that standards generated were evidence based. A 
consensus-based approach was used to determine whether enough evidence was 
available for the element to remain essential. To systematically guide the process 
among the work groups, the Appraisal Guidelines for Research and Evaluation 
[100] was followed. The groups conducted further evaluations of their work by 
sending supporting data and a rating form to pediatric oncologists, pediatric psy-
cho-oncologists, or other applicable health-care providers (such as child life spe-
cialists, educational specialists, oncology nurses, etc.) for feedback.

A second psychosocial think tank was sponsored by the Mattie Miracle Cancer 
Foundation and held at the 2014 American Psychosocial Oncology Society 
Conference in Tampa, FL. Small working groups reviewed the created standards, 
evidence summaries, and rating forms and conducted additional reviews of specific 
portions of the standards generated by a different working group. In addition to 
achieving consensus on the recommendations, think tank participants were asked to 
rate whether each recommendation should continue to be considered an essential 
element, a high need element, or a strive element.

The standards were consolidated and further revision, literature appraisal, and 
GRADE [101] analysis for each standard element by working group members were 
performed. The standards were evaluated for quality and rigor and vetting from outside 
organizations and individuals. As a result, 15 evidence-based “Psychosocial Standards 
of Care for Children with Cancer and Their Families” were published in a special 
supplemental issue of Pediatric Blood & Cancer [93]. This 3-year-long, international 
project involved 85 health-care professionals from 44 institutions across the United 
States, Canada, and the Netherlands. The project resulted in the largest and most com-
prehensive compilation of psychosocial standards to date in which 1217 journal articles 
were reviewed and appraised for rigor. These historic evidence-based standards define 
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what children with cancer and their families must receive to effectively support their 
psychosocial needs from the time of diagnosis, through survivorship or end-of-life and 
bereavement care. The standards have been endorsed by 14 professional organizations: 
(1) American Academy of Child and Adolescent Psychiatry (AACAP), (2) American 
Childhood Cancer Organization (ACCO), (3) American Psychosocial Oncology 
Society (APOS), (4) Association of Pediatric Hematology/Oncology Educational 
Specialists (APHOES), (5) Association of Pediatric Hematology/Oncology Nurses 
(APHON), (6) Association of Pediatric Oncology Social Workers (APOSW), (7) 
American Society of Pediatric Hematology/Oncology (ASPHO), (8) B+ Foundation, 
(9) Canadian Association of Psychosocial Oncology (CAPO), (10) Cancer Support 
Community (CSC), (11) Children’s Cause for Cancer Advocacy (CCCA), (12) 
Children’s Oncology Group (COG), (13) National Children’s Cancer Society (NCCS), 
and (14) Society of Pediatric Psychology (SPP; Division 54 of the American 
Psychological Association). The standards’ authors and the Mattie Miracle Cancer 
Foundation are committed to creating, disseminating, and implementing a twenty-first-
century, widely applicable blueprint to support universally available psychosocial ser-
vices [91, 93].

�Conclusion

This chapter reviewed the trajectory of sarcoma care from a psychosocial per-
spective. The importance of strengthening the alliance among the provider, 
patient, and the family was emphasized as the key to improving both the cancer 
experience and the outcomes of a childhood cancer diagnosis. Examples were 
provided to illustrate how a comprehensive alliance of professionals, patients, 
and families is needed in order for psychosocial care to be effective and mean-
ingful. All health-care practitioners, regardless of their profession, need to be 
aware that psychosocial elements are just as important as the medical care and 
service that they deliver. Finally, psychosocial care must be a standard part of all 
cancer care. With the development and implementation of Childhood Cancer 
Psychosocial Standards of Care, the health-care industry will help lessen the 
potentially devastating psychological, social, and emotional impact that such a 
diagnosis can have on children and their families and help improve coping and 
adaptation for the entire family system.
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19.1	 �Introduction

The diagnosis of cancer in children and adolescents is a life-altering event for them 
as well as their families. In 2014, an estimated 15,780 new cases of cancer were 
diagnosed among children and adolescents aged birth to 19 years in the USA [1]. 
The 5-year survival rate of children diagnosed with cancer before the age of 15 years 
is approximately 83%, and according to data from 2013, it results in an estimated 
420,000 survivors of childhood cancer in the USA [2]. Solid tumors make up about 
55–62% of all pediatric tumors, with brain tumors being the most common (26%), 
followed by neuroblastoma (8%), soft tissue sarcomas (7%), bone tumors (4%), and 
kidney tumors (4%) [3].

Sarcomas originate primarily from the elements of the mesodermal embry-
onic layer. Staging to determine the extent of the disease is crucial for determin-
ing therapy and prognosis. Current treatment consists of three modalities: surgery, 
chemotherapy, and radiation. A complete surgical resection is ideal, but often is 
not possible owing to tumor invasion of the surrounding structures; hence, the ini-
tial surgery may only be a biopsy or debulking at best. A second surgery (usu-
ally preceded by neo-adjuvant chemotherapy) aims to resect the tumor completely 
with a fair margin of healthy tissue around the tumor. Following surgery, more 
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chemotherapy is given and the patient is monitored closely for recurrent disease and 
physical function [4]. In some cases, following biopsy and induction chemotherapy, 
radiation is used as the second modality of treatment.

Over the last several decades, due to advances in treatment protocols and sup-
portive care, survival rates have improved tremendously, and as a result, almost 
80% of children treated for cancer will be long-term survivors. However, it has also 
become clear that this cure has come at a price. It has been proven that survivors are 
at risk for a number of chronic or late-occurring health problems caused by their 
cancer or its treatment, often referred to as “late effects of therapy,” which can affect 
the physical, cognitive, and psychosocial health of the survivors. Reports from the 
Childhood Cancer Survivorship Study (CCSS) estimate that almost 75% of all sur-
vivors will develop at least one chronic health problem, more than 40% will suffer 
from a severe life-threatening or disabling condition, and one third will have mul-
tiple health problems [5]. Long-term follow-up programs and services are essential 
in order to address the unique needs of this ever-growing population.

Below is a discussion of the causes and follow-up of late effects of therapy spe-
cific to patients with sarcomas. The recommendations for screening and follow-up 
have been taken from the Children’s Oncology Group (COG) Long-Term Follow-Up 
(LTFU) Guidelines [6].

19.2	 �Late Effects by Systems

19.2.1	 �Anthracycline Cardiotoxicity

Anthracyclines are antibiotic drugs with effective antitumor cytotoxic activity, and 
they are extensively used in the chemotherapy of various sarcomas [7]. The main 
mechanism of their activity involves the inhibition of topoisomerase IIα, an enzyme, 
which relaxes supercoiled DNA, allowing DNA replication and transcription. 
Interfering with DNA synthesis and RNA transcription in cancer cells induces cell 
cycle blocks at the G1 or G2 phases causing arrest in mitosis and cell death.

The clinical manifestations of anthracycline-induced cardiotoxicity have been 
categorized into an acute form, which shows symptoms within 24 h of the anthracy-
cline intravenous infusion, and a late-onset chronic progressive form, characterized 
by left ventricular systolic dysfunction, that can remain subclinical for many years. 
These cardiotoxic effects are dose dependent and cumulative, and the cumulative 
dose is the most important cardiotoxic risk factor.

There are three main hypotheses on the molecular mechanisms through which 
anthracyclines induce cellular degenerative changes in the myocardiocytes [8]. One 
of those theories is the oxidative stress hypothesis: anthracyclines enter the cell 
through passive diffusion, and anthracycline-induced reactive oxygen species are 
produced by the intracellular redox metabolism of the drug. Oxidative stress induces 
nitric oxide synthase, and nitric oxide can inactivate key enzymes of the heart mus-
cle, including myofibrillar creatine kinase. The second concept is the topoisomerase 
IIβ hypothesis, which suggests that the formation of a ternary complex consisting of 
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an anthracycline, DNA, and topoisomerase IIβ triggers DNA damage in the form of 
double-strand breaks in the DNA and activates the p53 pathway, which induces 
apoptosis, ultrastructural and functional mitochondrial defects, and fibrosis leading 
to decreased left ventricular ejection fraction and increased left ventricular end-
systolic and end-diastolic volumes. The third hypothesis is the alcoholic metabolite 
hypothesis, which proposes that the C-13 hydroxy metabolite of doxorubicin, 
referred to as doxorubicinol, accumulates within membranous compartments acting 
as low-clearance storage sites and is more potent in interfering with the iron homeo-
stasis of the cardiomyocyte resulting in alterations in the redox, energetic, and ionic 
balance of the cells. This can also explain why anthracyclines can induce a lifelong 
risk of cardiotoxicity.

There are several mechanisms that can explain myocyte destruction. Generation 
of free oxygen radicals leads to lipid peroxidation of membranes, causing vacuola-
tion, which is irreversible, and repair is only possible via replacement of the myo-
cytes by fibrous tissue. Another possible mechanism of cardiotoxicity is cardiac cell 
death by apoptosis. Because of the limited regenerative capacity of the heart, the 
number of cardiomyocytes decreases, which results in ventricular remodeling. In 
vivo experimental evidence suggests that doxorubicin-induced cardiomyopathy 
might be mediated by the loss of cardiac stem cells [9].

There are several factors, which make cardiomyocytes more susceptible to injury 
[10]. Mitochondria are one of the key mediators of anthracycline-induced cardiotoxicity, 
and their abundance in cardiomyocytes could make the heart muscle more vulnerable to 
injury. Additionally, cardiomyocytes have low concentrations of free radical scavengers, 
such as catalase and glutathione peroxidase, and therefore they are more sensitive to ROS 
(Reactive Oxygen Species) injury. Cardiolipin, found in the inner mitochondrial mem-
brane, has a high affinity to anthracyclines. Binding to this specific phospholipid mole-
cule inhibits the respiratory chain and interacts with mitochondrial DNA.

Clinical manifestations of anthracycline-induced cardiotoxicity can present at 
various time periods. Acute cardiotoxicity, when patients become symptomatic, 
occurs within 1 week of treatment, documented in less than 1% of the cases, and is 
usually self-limiting [11]. Early-onset cardiotoxicity (symptoms presenting within 
1 year of treatment) includes electrophysiological changes, left ventricular dysfunc-
tion, decreased exercise capacity, and clinical heart failure. Late-onset cardiotoxic-
ity may present with acute cardiomyopathy or progression of left ventricular 
dysfunction. Diagnostic markers include cardiac troponin T, N-terminal pro-brain 
natriuretic peptide, and C-reactive protein [12].

The cardiac toxicity of doxorubicin may be attributable in part to genetic varia-
tions in drug targets or genetic differences in drug disposition, such as in biotrans-
formation enzymes and drug transporters [13].

It has been recently demonstrated that anthracycline treatment induces a specific 
cardiac iron overload, which is independent of systemic iron load, and the cardio-
toxic effects of doxorubicin develop from mitochondrial iron accumulation [14, 15]. 
Certain genotypes of the HFE gene were associated with higher cardiac iron levels 
further increasing the cardiac iron load caused by doxorubicin therapy [14, 16]. 
Since heterozygosity for HFE mutations has a high prevalence in the western 
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countries, these results suggest that HFE genotyping could become a useful strategy 
for identifying patients with a higher risk of anthracycline-related cardiac damage.

Anthracyclines induce a cardiac remodeling pattern characterized by interstitial 
or patched fibrosis. It has been recently revealed that NADPH oxidase polymor-
phism rs4673 protects against focal myocardial necrosis, whereas rs1883112 is 
strongly associated with cardiac fibrosis [17]. These findings may lead to better 
individualized strategies for early detection and prevention of anthracycline 
cardiotoxicity.

To identify genetic markers predictive of anthracycline-induced cardiotoxicity in 
children, Visscher et al. conducted a genetic study of 220 key genes involved in 
absorption, distribution, metabolism, elimination, and toxicity of medications and 
found single nucleotide polymorphisms (SNPs) in several genes that are signifi-
cantly associated with cardiotoxicity following anthracycline treatment [18].

There have been different approaches to prevent anthracycline-related cardiotox-
icity. One of them is to modify treatment protocols to achieve the best outcome with 
the least amount of exposure to the toxic drug. Limiting the total cumulative anthra-
cycline dose to 300 mg/m2 resulted in fewer cases with severe left ventricular dys-
function; however, it has become clear that there is no safe dose of anthracyclines 
[19]. Randomized trials comparing continuous infusion with bolus infusion found 
that it decreased acute onset cardiotoxicity in adults, but showed no significant dif-
ference in cardiac outcomes in children with high-risk ALL [20, 21]. Epirubicin and 
idarubicin are structural analogs of doxorubicin and daunorubicin, respectively, and 
were designed to reduce cardiotoxicity. Liposomal anthracyclines have a more 
favorable oncological and a safer cardiovascular profile than conventional anthracy-
clines [22].

Several agents have been tested to determine whether they can protect the heart 
against anthracycline-related cardiotoxicity. Dexrazoxane is an iron-chelating 
agent, which prevents the formation of iron-anthracycline complexes. The combina-
tion of dexrazoxane and doxorubicin resulted in less cardiac damage in children 
than that caused by doxorubicin alone [23]. Amifostine reduces chemotherapeutic 
drug damage in normal tissue. It is less cardioprotective than dexrazoxane; it scav-
enges free radicals, but it does not reduce their production [24].

Animal studies provide novel mechanistic insight into the pathogenesis of 
anthracycline toxicity. It has recently become known that gene therapy with soluble 
Fas, an inhibitor of Fas/Fas ligand interaction, in mice prevents the progression of 
doxorubicin-induced acute cardiotoxicity, accompanying attenuation of the cardio-
myocyte degeneration, inflammation, and oxidative damage caused by Fas signal-
ing [25]. Carvedilol has been shown to offer some cardioprotection from its 
antioxidant activity, and it reduced anthracycline-induced cardiomyopathy when 
tested on rats [26]. Probucol is an antioxidant and lipid-lowering agent, and studies 
in rats showed that pretreatment with probucol negates the toxic impact of doxoru-
bicin therapy on cardiomyocytes [27]. Sildenafil, a phosphodiesterase inhibitor, 
could also protect against anthracycline-induced cardiotoxicity when given to mice 
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treated with doxorubicin [28]. Li et al. used murine models to investigate the effects 
of erythropoietin (EPO) and reported that the administration of EPO prior to the 
appearance of the cardiac dysfunction resulted in less left ventricular dilatation and 
dysfunction [29]. Animal studies have also demonstrated that phosphodiesterase 5 
inhibitors have powerful protective effect against doxorubicin cardiotoxicity 
through the cGMP signaling pathway [30]. Coenzyme Q, L-carnitine, and glutathi-
one are supplements with antioxidant activity protecting the heart against 
anthracycline-induced lipid peroxidation [31–33].

19.2.1.1  �Recommended Screening
Currently, there is no consistently used, precise definition of anthracycline-induced 
cardiotoxicity. It can manifest as either clinical or subclinical heart failure. The 
American Heart Association’s class I recommendation for children receiving 
anthracycline treatment is serial monitoring of both the left and the right ventricular 
functions by echocardiography starting at diagnosis and then periodically through-
out treatment (Table 19.1a, b) [6, 34]. Exercise stress testing may detect asymptom-
atic cardiac dysfunction in patients treated with anthracyclines or mediastinal 
radiation, but its application in monitoring cardiac function of childhood survivors 
is uncertain. Although these patients may have adequate cardiac function at rest, 
they may decompensate if cardiac demands are increased [35, 36]. Results closely 
correspond with prognosis in patients with congestive heart failure.

Biomarkers may help identify patients undergoing treatment who are at high risk 
for cardiotoxicity. Cardiac troponin I (cTnI) assays are the best-studied biomarkers, 
and monitoring cTnI levels may provide information regarding the development of 
cardiac toxicity before left ventricular dysfunction becomes apparent on echocar-
diography or via clinical symptoms. It might also allow for earlier realization of the 
degree of cardiac damage occurring during treatment, creating the opportunity for 
more timely modulation of therapy [37]. When the contribution of modifiable risk 
factors on the development of major cardiac events was investigated among adult 
survivors of childhood cancer, it was found that hypertension could potentiate 
therapy-related risk in this patient population [38].

It has been challenging to manage patients with heart failure secondary to anthra-
cycline toxicity. ACE inhibitors have been shown to improve left ventricular mass, 
dimension, and fractional shortening [39]. Beta-blockers reverse the intrinsic mech-
anisms of myocardial dysfunction and remodeling mediated by the adrenergic path-
way [40]. Growth hormone concentrations are found to be low in survivors treated 
with anthracycline and cranial irradiation. GH acts indirectly on the heart through 
IGF-1 to maintain adequate left ventricular mass. Replacement therapy increases 
left ventricular mass during anthracycline therapy, but cannot provide long-term 
gain preventing cardiomyopathy [41]. Cardiac transplantation remains the last 
resort for patients in whom cardiomyopathy develops after anthracycline therapy; 
their survival rates are almost the same as those after transplant for other 
indications.

19  Treatment Effects and Long-Term Management



388

Age at
treatment

Chest radiation Anthracycline dose Recommended
schedule

< 1 year old yes any annually

no < 200 mg/m2 every 2 years

≥ 200 mg/m2 annually

1-4 years old yes any annually

no < 100 mg/m2 every 5 years

≥ 100 to < 300

mg/m2

every 2 years

> 300 mg/m2 annually

> 5 years old yes < 300 mg/m2 every 2 years

≥ 300 mg/m2 annually

no < 200 mg/m2 every 5 years

≥ 200 to < 300

mg/m2

every 2 years

> 300 mg/m2 annually

a

any age with decrease in serial function annually

Anthracycline drug Equivalent factor

Adriamycin x 1.0

Mitoxantrone x 2.5

Daunomycin x 0.75

Idarubicin x 3.0

b

Table 19.1  (a) End-treatment follow-up echocardiogram schedule to monitor cardiac late effects 
after treatment with anthracyclines per COG survivorship guidelines [6]; (b) calculating total 
anthracycline dose
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19.2.2	 �Bone Disease

Patients with cancer have an increased incidence of bone disease. Malignant tumors 
can not only form osteolytic or osteoblastic bone metastases, but the treatment to 
eliminate the tumor can also result in bone loss leading to osteoporosis and 
fractures.

Measuring bone mineral density (BMD) in children and adolescents has its chal-
lenges [42], since it varies on the basis of height and stage of puberty, which may 
not even correlate with age in a chronically ill child. Dual-radiograph absorptiom-
etry (DXA) has traditionally been used to determine BMD, and height age (the age 
at which 50% of normal children would be the patient’s current height) is often used 
to get a more accurate measurement and fracture risk. Quantitative computed 
tomography (QCT) provides direct and more precise volumetric measurement; 
however it is not currently universally available and involves increased radiation 
doses. A newer technique is directed at peripheral anatomic sites, but this has to be 
validated and standardized in the pediatric population.

Steroids have an effect on bone metabolism in multiple ways including: decreas-
ing osteoblast activity, increasing bone resorption, interfering with the growth hor-
mone/IGF-1 axis, reducing muscle strength, and disturbing calcium homeostasis at 
the level of the kidney and gut [43]. Methotrexate’s cytotoxic effect on osteoblasts 
results in reduced bone volume and formation of new bone [44]. Alkylating agents 
can cause gonadal dysfunction that can impact BMD when deficiencies of ovarian 
and testicular hormones develop. Estrogens play an important role in achieving and 
maintaining peak bone mass, while androgens help in periosteal apposition, adding 
to the biochemical strength of the bone [45]. Radiation to the neuroendocrine axis 
can lead to growth hormone deficiency and hypogonadism.

Osteonecrosis is a condition where there is cellular death of bone components 
due to interruption of the blood supply. It is a relatively rare condition in the general 
population, but shows increased incidence among children with cancer. Overall esti-
mates for the incidence have ranged from 1 to 9% [46], and the cumulative inci-
dence was found to increase with time for many years after treatment. The necrosis 
occurs at one or more bone sites, usually at weight-bearing joints, resulting in pain 
and loss of mobility. The most common sites are the hips (72%), followed by the 
shoulders (24%) and the knees (21%) [47]. Bone sarcoma survivors are among 
patients with the greatest risk. Older age at diagnosis, shorter elapsed time, expo-
sure to dexamethasone, and gonadal and non-gonadal radiotherapy were indepen-
dently associated with osteonecrosis.

19.2.2.1  �Recommended Screening
The latest COG-LTFU Guidelines recommend a baseline evaluation of BMD by 
DXA or QCT at entry into long-term follow-up for survivors treated with agents 
that predispose to BMD deficits or with medical conditions associated with BMD 
deficits.

Treatment of BMD deficits in children includes increasing weight-bearing exer-
cise, optimizing nutritional intake of calcium and vitamin D, nutrient supplementa-
tion, and treatment of underlying conditions that may exacerbate BMD [48, 49]. 
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Counseling cancer survivors on healthy lifestyle choices is also a crucial part of 
treatment. Cancer survivors with significantly decreased BMD may benefit from 
endocrinology consultation. Treatment options such as calcitonin and bisphospho-
nates are currently reserved for patients with recurrent fractures or those who are on 
clinical trials.

19.2.3	 �Rehabilitation After Limb-Sparing Surgery

Until around 1970, amputation was the treatment choice for primary high-grade 
malignant bone and soft tissue tumors of the limb. The management of these tumors 
has changed dramatically since that time, and today about 85% of these patients 
undergo limb-sparing surgery. This means that instead of amputating part of or the 
entire limb, the surgical team reconstructs the bony and soft tissue defects using 
custom or modular endoprostheses, allografts, or composite materials [50]. The 
goal is to preserve the patient’s physical, psychological, social, occupational, cre-
ative, and economical function to the highest possible level in conjunction with 
malignant disease and treatment.

Limb-sparing surgery can result in survival rates and disease-free periods that 
equal those achieved with amputation [51]. Limb-sparing surgery offers better psy-
chological functioning and an intact body image, but is more complex and associ-
ated with more morbidity, including infection, pain, and other postoperative 
complications. Limb-sparing surgery is an extensive procedure, and it deliberately 
damages many anatomic areas potentially causing several problems such as bone 
and joint, muscle, skin, nerve, vascular, and lymphatic system damages, scars, and 
infections. Therefore, rehabilitation is performed by a multidisciplinary team, 
which includes an orthopedic oncologist, nurses, social workers, dietitians, physio-
therapists, occupational therapists, and orthopedic technicians.

Children who undergo limb-sparing surgery may need to be hospitalized repeat-
edly for lengthening procedures which prolongs rehabilitation and causes repeated 
cycles of functional regression. Complications following endo-prosthetic recon-
struction fall into two main categories: mechanical (breakage/fracture of the implant, 
instability due to wear) and biological (infection, aseptic loosening, wound/soft tis-
sue breakdowns). A recent retrospective study including 232 patients who under-
went endo-prosthetic reconstruction for malignant and aggressive bone tumors 
between 1980 and 2002 found that the overall incidence of complications was 41% 
[52]. Mechanical complications were the most common cause of implant failure, 
which occurred in 21% of the patients. Data have also shown that modular implants 
were much less likely to fail than custom implants. Infection was the most common 
complication seen in this study and was also the most common cause of loss of 
limb; 51% of infections resulted in eventual amputation. The limb salvage rate for 
all patients was 90% after 20 years, demonstrating that many complications were 
successfully managed, particularly in the absence of an infection.
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Many children experience psychological problems during the course of the dis-
ease and the surgical management of the tumor [53]. Young children feel frustrated 
by being isolated from their environment; there are losses of opportunity for play, 
feelings of inadequacy due to impaired mobility, and problems at school. The issues 
affecting teenagers are often related to their body image. They also have problems 
in identifying with their peer group.

19.2.4	 �Gonadal Damage and Fertility

Chemotherapy and radiotherapy can both have a deleterious effect on the gonads. 
Consideration of fertility preservation is a quality of life issue, and discussion of 
potential fertility problems at the time of diagnosis provides the patients and their 
families with the reassurance that the oncology team believes in a future when these 
issues become important.

19.2.4.1  �Male Fertility
Reduced fertility is common among adult survivors of cancer who received some 
form of chemotherapy, testicular radiation, or experienced damage to the hypothala-
mus or pituitary glands [54]. We often see sterilization, but at the same time preser-
vation of Leydig function, as testicular hormonal production is more resistant to 
treatment-induced damage and is independent of the presence of spermatogonia.

If chemotherapeutic agents do not kill stem spermatogonia, spermatogenesis 
recovers within 12 weeks after cessation of therapy [55]. Spermatogenesis can be 
impaired by agents that alkylate or cross-link DNA, like cyclophosphamide, ifos-
famide, or cisplatin. The cumulative dose of a cytotoxic agent determines the dura-
tion and magnitude of impaired spermatogenesis [56, 57]. The Childhood Cancer 
Survivor Study reported that survivors aged 15–44 years were less likely to sire a 
pregnancy than siblings [58]. Whether the prepubertal testis is less sensitive than the 
postpubertal testis to chemotherapy is not known. Although the prepubertal testis 
does not show complete spermatogenesis, there is evidence that cytotoxic treatment 
given to prepubertal boys affects their fertility. COG suggests that having a prepu-
bertal status at diagnosis is not protective against germ cell toxicity of alkylating 
agents [59].

Testicular germ cells are very sensitive to radiation and germinal cell depletion 
is dose dependent. Differentiating cells are damaged by doses as low as 1 Gy, which 
reduce the number of spermatogonia and spermatocytes [60]. A single testicular 
dose of radiation exceeding 4–6  Gy can result in permanent azoospermia. 
Fractionated irradiation of the testes can be even more harmful; with doses of more 
than 2 Gy, aspermia may be permanent [61]. Gonadotropin deficiency can develop 
when the hypothalamus and pituitary gland are damaged by surgery, tumors, or 
cranial radiation. The severity varies from subclinical to severe, when it can dimin-
ish the levels of circulating sex hormones.
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19.2.4.2  �Recommended Screening for Males
Assessment of male reproductive function starts from the assessment of pubertal 
development. For survivors exposed to alkylating agents or radiation before the 
onset of puberty, the COG-LTFU Guidelines recommend annual assessment of 
pubertal development until sexual maturity using Tanner staging and measurement 
of testicular volume. Semen analysis is the initial investigation of fertility potential. 
It provides information about the functional status of the germinal epithelium, epi-
didymis, and accessory sex glands. Hormonal evaluation should include the mea-
surements of serum FSH, LH, and testosterone levels. Testicular volume change can 
also be an indicator of decreased fertility. Approximately 85% of the testicular mass 
consists of germinal tissue, so a reduced germinal mass is associated with reduced 
testicular size and soft consistency.

Patients with hypogonadotropic hypogonadism usually require therapy with 
gonadotropin-releasing hormone and human menopausal gonadotropin to induce 
spermatogenesis [62]. Cryopreservation of sperm before cancer therapy is a suc-
cessful method for fertility preservation in postpubertal individuals. Recent advances 
in assisted reproductive technology can allow men to father successful pregnancies 
[63]. Fertility preservation for prepubertal boys continues to be a challenge because 
their spermarche has not started yet. Harvesting spermatogonial stem cells from 
preserved testicular tissue for in vitro maturation might be an option in the future 
[64]. Men with oligospermia can achieve fatherhood using in vitro fertilization or 
intracytoplasmic sperm injection [65].

19.2.4.3  �Female Fertility
Loss of ovarian function after chemotherapy that includes an alkylating agent, pro-
carbazine, or ovarian irradiation can result in both sterilization and loss of hor-
monal production, because ovarian hormonal production is closely related to the 
presence of ova and maturation of the primary follicle [66]. Survivors who lose 
ovarian function during or shortly after the completion of cancer therapy are clas-
sified as having acute ovarian failure (AOF). It includes patient who reported never 
menstruating or who had ceased having menses within 5 years after their cancer 
diagnosis. According to the CCSS data, only a relatively small number, about 6% 
of childhood cancer survivors, developed AOF. They were older at cancer diagno-
sis, more likely to have received abdominal or pelvic radiotherapy, or more likely 
to have been diagnosed with Hodgkin’s lymphoma. Previous data indicate that 
radiation affects the ovaries in a dose-dependent fashion [67]. Doses in a range of 
10–30 Gy cause AOF in the majority of patients treated during childhood and ado-
lescent [68].

Some survivors who retain ovarian function after the completion of cancer treat-
ment and experience menopause at younger than 40 years of age are classified as 
having “premature menopause.” It leads to the early and often unexpected loss of 
reproductive potential as well as the cessation of ovarian sex hormone production. 
These women are at risk for developing various adverse health outcomes, including 
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osteoporosis, death from cardiovascular disease, and psychosexual dysfunction, just 
to name a few. The risk factors for premature menopause are older age, exposure to 
increasing doses of radiation to the ovaries, or increasing alkylating agent score 
(based on the number of alkylating agent and their cumulative dose).

The offspring of women whose treatment included pelvic irradiation are more 
likely to be premature, have a low birth weight, and be small for gestational age 
[69]. Prior treatment with doxorubicin or daunorubicin increased the risk of low 
birth weight, which was independent from pelvic irradiation. The risk of miscar-
riage was increased among women whose treatment included high-dose cranial or 
cranio-spinal irradiation.

The intense radiotherapy and chemotherapy received by cancer survivors are 
known to cause somatic mutations in humans and germ line mutations in animals 
[70]. Preliminary results of the evaluation of self-reported genetic and congenital 
diseases among offspring of survivors and offspring of sibling controls were reas-
suring that cancer treatment using modern protocols does not carry a large risk of 
genetic disease in offspring conceived after treatment [71].

19.2.4.4  �Recommended Screening for Females
As per COG-LTFU Guidelines, hormonal studies including FSH, LH, estradiol, and 
anti-Mullerian hormone should be done annually or more frequently if needed in 
pubertal and postpubertal females.

A number of strategies to protect the ovaries and preserve fertility during cancer 
therapy have been attempted with limited success. The gamete pool in females is 
fixed at birth and collection is technically more difficult. Collection of mature 
oocytes for fertilization and subsequent cryopreservation for young sexually mature 
females with partners has the most success. Cryopreservation of oocytes is an alter-
native option [72].

19.2.5	 �Renal Adverse Effects

Nephrotoxicity is a known side effect of certain childhood cancer therapies, result-
ing in a decline in glomerular filtration rate (GFR), deterioration of tubular function, 
development of albuminuria/proteinuria, or renovascular hypertension during or 
after treatment [73]. Potentially nephrotoxic agents include ifosfamide, the plati-
num compounds, cisplatin and carboplatin, and methotrexate, all of which are used 
in the treatment of solid tumors [73, 74]. Abdominal and total body irradiation may 
also cause radiation nephropathy [75].

Ifosfamide can have serious adverse effects on the kidney despite concurrent use 
of the uroprotectant mesna. The most common manifestation is proximal tubular 
dysfunction and less often decreased GFR [76, 77]. A reduction in GFR occurs in 
25% of patients treated with high-dose ifosfamide [78], and approximately 30% of 
children develop a persistent tubulopathy, some of them with a clinically significant 
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Fanconi syndrome [79]. In most of the cases, tubular dysfunction is asymptomatic, 
but growth failure and rickets are serious sequelae of this disorder if untreated. 
Several risk factors have been recognized for chronic ifosfamide-induced nephro-
toxicity, the most important being the cumulative dose but also including age less 
than 3 years, concurrent or previous platinum therapy, renal irradiation, unilateral 
nephrectomy, or hydronephrosis [80–82].

Kidney damage is the major dose-limiting side effect of cisplatin. Most chil-
dren treated with cisplatin will have some acute renal loss with an average of 8% 
decrease in GFR per 100 mg/m2 dose received [83]. The decline in GFR directly 
correlates with peak serum or urine platinum concentrations and infusion rates 
[84]. A magnesium-wasting tubulopathy occurs in almost every patient treated 
with cisplatin. Magnesium supplementation is often needed and can cause hypo-
calcemia and/or hypokalemia. The outlook for long-term recovery or stability of 
renal function is generally favorable, but magnesium wasting tends to be long-
lasting [85].

Carboplatin is a cisplatin analog, but it is less nephrotoxic than cisplatin, 
since it is not transformed into toxic metabolites by renal tubule cells. On the 
other hand, the risk of renal insufficiency and tubulopathies is higher with the 
combination therapy of carboplatin and ifosfamide than with cisplatin and ifos-
famide [86].

High-dose methotrexate (MTX) therapy is associated with acute renal dysfunc-
tion with an overall incidence rate of 1.8% [87], and it results in delayed elimination 
of the drug and its metabolite. Toxicity is due to the precipitation of the drug within 
the renal tubular lumen. MTX-related nephrotoxicity appears to be entirely revers-
ible, with a medium recovery time of 16 days [87]. Irradiation of the kidney occurs 
when the primary tumor is located near the kidney. Radiation nephritis or radiation 
nephropathy usually presents after a latent period of 3–12 months and manifests by 
hypertension, proteinuria, renal insufficiency, and anemia [88]. Doses greater than 
20 Gy result in significant nephropathy [89].

19.2.5.1  �Recommended Screening
Assessment of childhood cancer survivors for late renal sequelae should be part of 
every checkup [73]. Baseline screening recommendations for asymptomatic survi-
vors of potentially nephrotoxic therapy include blood pressure measurement; serum 
electrolytes including calcium, magnesium, and phosphorus; BUN/creatinine; and 
urinalysis. After the baseline evaluation, annual follow-up includes blood pressure 
measurement and urinalysis. Currently, the definition of hypertension is a blood 
pressure level at or above the 95th percentile. Proteinuria is first detected by urinary 
dipstick, which primarily detects albumin. Persistent proteinuria warrants referral to 
a nephrologist. Abnormal GFR is most often detected by elevated serum creatinine 
concentrations. Patients at risk for renal late effects should be counseled to avoid 
lifestyles that put them at risk for renal injury such as tobacco use, excessive alcohol 
consumption, dehydration, and NSAID use.
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19.2.6	 �Secondary Malignancies

Childhood cancer survivors are at risk for development of subsequent malignant 
neoplasms. This risk is approximately tenfold greater than the general population 
and an important health-related concern [90]. Secondary malignancies are the lead-
ing cause of treatment-related mortality in long-term childhood cancer survivors. 
The cumulative incidence of all subsequent neoplasms after 30 years following diag-
nosis was 20.5% and was higher in patients who received radiation therapy [91]. For 
many second malignancies, the incidence continues to increase with longer follow-
up, with no plateau of risk over time. Underlying genetic susceptibility, such as 
mutation of the retinoblastoma or p53 gene (i.e., Li-Fraumeni syndrome), also plays 
an important role. Therapy-associated leukemia has a shorter latency, typically less 
than 10 years from the primary cancer diagnosis [92], and has a well-defined associa-
tion with alkylating agents and topoisomerase II inhibitor chemotherapy.

Radiotherapy is a double-edged sword. Solid malignancies include breast, thy-
roid, skin, and brain cancer, and there is a strong association with radiation exposure 
with a latency that exceeds 10 years [92]. Additionally, Henderson et al. found an 
increased number of gastrointestinal cancers in childhood cancer survivors as com-
pared to general population, with 87% of those patients having received radiother-
apy for treatment of the primary cancer [93]. The goal of radiation treatment 
planning should be to keep the normal tissue exposures to a minimum, and every 
effort should be made to minimize the influence of factors that could potentially 
increase the risk of secondary malignancies, including lower total dose or a non-
radiation approach whenever evidence supports the benefit without compromising 
tumor cure [94].

Childhood cancer survivors have an increased risk of secondary sarcomas [95]. 
Exposure to therapeutic radiotherapy for the primary cancer is the most significant 
risk factor observed in secondary sarcoma development, and this risk showed sharp 
increase with the radiation dose of 50 Gy or more. Anthracycline chemotherapy is 
also associated with secondary sarcomas. Those who survived Hodgkin’s lymphoma 
or sarcoma were more likely to develop a secondary sarcoma compared to other 
types of cancer. Schwartz et al. showed that the increase in the risk of bone sarcoma 
is well described by a linear function of the radiation dose received by the bones [96].

19.2.6.1  �Recommended Screening
Annual follow-up with recommended screening as per COG-LTFU Guidelines is 
suggested.

19.2.7	 �Neuropathy and Hearing Loss

Chemotherapy-induced peripheral neuropathy is a common and potentially dose-
limiting side effect of many chemotherapy drugs [97]. It primarily affects sensory 
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nerves, which allow perception of touch, pain, temperature, position, and vibration, 
and several pathobiologic mechanisms have been discovered. Platinum compounds 
irreversibly bind to DNA inducing apoptosis of primary sensory neurons [98]. 
Antitubulins, such as vincristine, bind to microtubules, which interrupt axonal 
transport, target the soma of sensory neurons as well as the nerve axons, and induce 
neuronal death [99].

Cisplatin is widely used in the treatment of bone sarcomas, and it produces a well-
recognized neurotoxicity. Factors that influence the degree of toxicity are total cumu-
lative dose, the dose of individual injection, the schedule of drug delivery, renal 
function, and previous neurological damage from other conditions [100]. Earl et al. 
conducted a study examining 36 patients treated for bone and soft tissue sarcomas 
and found that 44% had a significant reduction in deep tendon reflexes; 55% had 
raised vibration perception threshold, which was the most sensitive single test in the 
assessment of neuropathy; and 35% had abnormal nerve conduction studies [101].

Management of neuropathic pain includes systemic and topical medications, 
such as NSAIDs, opioids, tricyclic antidepressants, gabapentin and pregabalin, topi-
cal lidocaine and capsaicin, as well as non-pharmacological options like applying 
heat or ice at the affected area, physical therapy, massage therapy, or in severe cases 
transcutaneous electrical nerve stimulation and spinal cord stimulation.

Children treated for malignancies may be at risk for early- or delayed-onset hear-
ing loss that can affect learning, communication, school performance, social inter-
action, and overall quality of life [102]. Survivors at particular risk include those 
treated with platinum compounds, but this risk is modified by the variability of the 
individual’s susceptibility to cisplatin ototoxicity [103]. The mechanism of plati-
num cochlear toxicity is through interference with signal transduction from the 
organ of Corti in the cochlea. The sites of the damage are the outer hair cells, the 
spiral ganglion, and the stria vascularis, and it results in hearing loss involving the 
speech frequencies (500–2000 Hz). Several factors determine the risk of hearing 
loss besides the individual’s susceptibility, including younger age, higher cumula-
tive doses of chemotherapy, CNS tumors, and concomitant CNS radiation [102].

19.2.7.1  �Recommended Screening
All childhood cancer survivors exposed to ototoxic therapy should undergo a yearly 
audiological evaluation. Upon entry into long-term follow-up, evaluation should con-
sist of air conduction study, bone conduction study, tympanometry, and speech audi-
ometry in survivors at risk for hearing loss [104]. Change in hearing sensitivity 
following ototoxic therapy should be evaluated relative to pretreatment measures [105].

The general principles managing hearing loss include appropriate referrals to an 
audiologist and otolaryngologist and implementation of hearing device and other 
adaptive strategies when indicated. Evaluation by language and speech therapists 
should also be obtained. Avoidance of loud noise and ototoxic medications, such as 
aminoglycoside antibiotics and diuretics, are also recommended.
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19.2.8	 �Post-Traumatic Stress Disorder

Childhood cancer can be a devastating experience that places patients at an increased 
risk for disruption in psychological functioning [106]. The fourth edition of the 
Diagnostic and Statistical Manual for Mental Disorders (DSM-IV) in 1994 expanded 
the possible list of A1 stressors for post-traumatic stress disorder (PTSD) to include 
a “diagnosis of a life-threatening illness.” Since this modification, many studies 
have investigated the incidence of PTSD among patients with cancer diagnosed at 
childhood. Researchers found that the incidence of the full PTSD syndrome was 
relatively low in this population [107], so they shifted their attention onto subclini-
cal levels of post-traumatic stress symptomatology (PTSS), identifying specific fac-
tors associated with trauma response in this population which became the focus of 
their research.

There are several risk factors that may increase the risk of poor adaptation for 
children. Female patients appear to be more vulnerable [108], and the age of the 
child and the family’s socioeconomic status can also influence the child’s ability 
to adapt to the negative experience [109]. There is evidence that suggests a 
higher incidence of PTSS among children on active treatment and those who 
recently received the diagnosis [110]. Children with a previously diagnosed 
mental disorder have greater risk for stress-related mental disorder [111]. 
Severity of parental PTSS in response to the child’s illness is a well-studied risk 
factor which is a significant correlate of child PTSS [112]. History of stressful 
life events in the child’s life is also a critical factor regarding adaptation to 
childhood cancer.

The impact of these events on a developing personality is significant, and they 
have been linked to behavior issues, worsened physical health, and maladjustment at 
home and school [113]. Epidemiologic research has shown that individuals with 
PTSD tend to report a history of multiple potentially traumatic events rather than an 
isolated experience [114]. It can support a “multiple hit hypothesis” for traumatized 
children, for whom cancer either being the hit that precipitates the stress reaction or 
representing one of the several hits that together increase the risk of poor adaptation.

Stress or trauma-related symptoms such as heightened arousability, intrusive 
thoughts, and avoidant behavior have been frequently reported among children 
undergoing treatment for cancer [115]. PTSD among survivors is also associated 
with lower income, unemployment, single status, and intense treatment [116].

19.2.8.1  �Recommended Screening
Given the potential benefit of interventions for those with prior psychopathology, 
that children are less likely to verbalize emotional problems, and the detrimental 
implications of undiagnosed mental disorders, the follow-up visits for the survivors 
should incorporate assessment for mental disorders, especially stress-related mental 
problems.
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19.2.9	 �Sleep Disorders

The prevalence of sleep problems in children in the general population is estimated 
to be up to 30% [117]. Sleep problems are more prevalent in children and adoles-
cents with chronic medical, neurodevelopmental, and social conditions [118]. There 
are several factors contributing to sleep disruption, and they can be a direct result of 
brain injury or an indirect result of chemotherapy. Stress on the child and the family 
resulting from a life-threatening disease can exacerbate sleep disorders.

A Childhood Cancer Survivorship Study examined the prevalence of, and risk fac-
tors for, fatigue and sleep disturbance among adult survivors of childhood cancer 
[119]. It showed that 19% of survivors were in the most fatigued range, 16.7% reported 
disrupted sleep, and 14% complained of excessive daytime sleepiness. A retrospective 
study was done among children with cancer, who were referred to a pediatric sleep 
clinic [120]. Excessive daytime sleepiness was the most common problem, followed 
by sleep-disordered breathing, such as obstructive sleep apnea, and insomnia.

When assessing survivors of childhood cancer for sleep problems, a detailed his-
tory is crucial. Subjective evaluation of sleep disorders is based on a sleep diary, use 
of validated scales for quantifying sleepiness, and sleep questionnaires. Objective 
measures include multiple sleep latency test, maintenance of wakefulness test, and 
nocturnal polysomnography.

Treatment of excessive daytime sleepiness is usually based on the cause [121]. 
Insufficient or inadequate sleep and disorders of arousal are treated with a behav-
ioral approach and creating a safe sleeping environment. Obstructive sleep apnea 
requires weight reduction, tonsillectomy, or nasal CPAP.  Treatment for delayed 
sleep phase syndrome often involves light therapy, appropriate sleep hygiene, and 
melatonin. To improve wakefulness physicians often prescribe methylphenidate, 
amphetamine, or modafinil.

Recently, several prospective interventional trials and analyses have been initi-
ated to better understand sleep dysfunction in patients with childhood cancer and to 
provide information, which will inform future pharmacologic interventions, thereby 
improving patient quality of life.

19.2.9.1  �Recommended Screening
A detailed history of sleep patterns should be included in the annual LTFU of all 
cancer survivors.

19.2.10  �Resilience, Posttraumatic Growth, and Positive 
Sequelae

With increasing cognitive maturity, adolescent and young adult survivors may 
experience positive benefits or perceived positive impact as a result of their cancer 
experience [122]. Parents and siblings are also likely to experience positive bene-
fits. These include enhanced coping abilities and motivation in various life domains. 
Posttraumatic growth is defined as the process of applying positive interpretations 
and finding meaning in a traumatic event. Self-awareness of inner resources and 
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available social support may facilitate positive changes related to self-concept, rela-
tionships, and life philosophy. Survivors are more likely than siblings to report per-
ceived positive impact. Predictors include malignancy or relapse, older age at 
diagnosis, and fewer years since diagnosis.

19.2.11  �Employment Status After Childhood Cancer

The health and behavioral consequences of cancer may significantly affect long-
term vocational and employment opportunities. Although not all studies have dem-
onstrated deficits in employment, many report employment difficulties in adult 
childhood cancer survivors, with survivors being nearly twice as likely to be unem-
ployed compared to healthy controls [123].

Survivors of bone and soft tissue sarcomas such as Ewing’s sarcoma are less 
likely to be employed full time compared to sibling controls due to physical limita-
tions that can restrict activity and job performance. Adult survivors of certain sarco-
mas, including rhabdomyosarcoma, are significantly more likely to report physical 
impairment characterized by one or more chronic health conditions, cancer-related 
pain, performance limitations of routine activities, and health-related inability to 
work, compared to sibling controls. Individuals treated with amputation have been 
shown to exhibit significant deficits in education, employment, and insurance access 
compared to sibling controls [124].

19.2.11.1  �Recommended Screening
A detailed employment history and consultation/intervention by social work and 
rehabilitation specialists is important at the LTFU annual visits.

19.2.12  �Insurance Status After Childhood Cancer

In the USA, where health insurance is provided largely through employers, restricted 
employment opportunities affect healthcare access. In the past, long-term childhood 
cancer survivors were significantly less likely to have health insurance, have more 
difficulty obtaining insurance due to restrictive policies excluding preexisting medi-
cal conditions, and more likely to be denied health insurance because of their cancer 
history [125].

There has been significant improvement in recent years in the disparity of insur-
ance access between childhood cancer survivors and sibling or population controls 
due to legislation prohibiting employment discrimination and facilitating insurance 
access and portability. With the introduction of the Affordable Care Act in 2010, it 
is expected that more childhood cancer survivors will retain or have access to health 
insurance, either through long-term coverage under parental health insurance poli-
cies or the ability to purchase affordable state or federal health insurance plans.

Given that a substantial body of evidence confirms that childhood cancer may nega-
tively affect vocational and employment opportunities and insurance access, providers 
should be aware of legislation that facilitates survivor employment and insurance access.
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19.2.12.1  �Recommended Screening
A detailed health insurance history and intervention by social work is important at 
the LTFU annual visits.

19.2.13  �Healthcare Behaviors

Risk-based care incorporates the previous cancer, cancer therapy, genetic predisposi-
tions, lifestyle behaviors, age, and comorbid health conditions. Quality care for can-
cer survivorship has been defined as “a risk based approach to health care and a 
systematic plan for life-long screening, surveillance and prevention.” Childhood can-
cer survivors continue to demonstrate significant lack of knowledge and mispercep-
tions about their cancer diagnosis, treatment, and cancer-related health risks following 
completion of therapy; therefore, healthcare providers must focus on health mainte-
nance and promotion along with surveillance for the early identification of late 
effects. With many pediatric cancer survivors continuing to engage in high-risk-
taking behaviors at a rate similar to their peers, it falls on the clinicians to educate 
youths to focus on modifiable risk factors (diet, exercise, smoking, drinking alcohol) 
and to undergo routine surveillance. Potentially, a healthy lifestyle can help mini-
mize the negative physical and psychological effects of cancer and its treatment.

It is important to develop an individual risk profile, which contains cancer diag-
nosis and treatment, complications during treatment, complications after treatment, 
family history, current problems and medications, physical examination and find-
ings, laboratory test results and scan to date, health maintenance and screening 
behaviors, psychosocial health, and neurocognitive function status.

19.2.13.1  �Recommended Screening
Educating young adult survivors of childhood cancer on the importance of modifi-
able risk factors and prevention cannot be overemphasized. Topics, which should be 
included, are eating a balanced diet, exercising regularly, smoking cessation, limit-
ing alcohol intake, sun protection, minimizing environmental or industrial expo-
sures, safe sex practices, and health maintenance. Secondary prevention of cancer is 
just as important as primary prevention. It involves breast self-examination and 
mammography for girls, testicular self-examination and PSA blood test for boys, 
regular skin examination, eye examination, colonoscopy, DEXA scan, regular den-
tal checkup, and other case-specific screening and laboratory tests [126–128].

19.3	 �Models of Long-Term Follow-Up Care [129]

There are a variety of models for delivering care to survivors. The model best suited 
for an institution depends in large part on the population of survivors served and the 
resources available in the facility. From a different perspective, the best model may 
vary from patient to patient, those with the most complex treatment history requir-
ing the most specialized level of care. But no matter what model is chosen, all sur-
vivors need education about their health risks and ongoing screening for potential 
late effects that may occur as they age.
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19.3.1	 �Cancer Center Models

19.3.1.1  �Primary Oncology Care
Patients continue to see their treating oncologist in the oncology clinic. This 
model is often the most comfortable for the patient, who has developed a rela-
tionship and a level of trust with the physician, nurses, and ancillary staff; the 
focus may remain on disease surveillance rather than the potential for late 
effects.

19.3.1.2  �Specialized Long-Term Follow-Up Clinic
This is probably the most common model. It involves transitioning the patient 
from the primary oncologist to a specialized long-term follow-up team within the 
same cancer center, usually when the patient has been off therapy for at least 
2 years. It provides expertise in the long-term effects of therapy and has a health 
promotion/wellness focus. It is designed to examine and evaluate the patient as 
well as to provide risk-based screening and recommendations and education about 
potential late effects (Tables. 19.2, 19.3, and 19.4). The team can provide support 
for transitioning the patient to adult-focused care, while others can follow patients 
for life. Patients follow up with a community healthcare provider for routine 
healthcare needs.

Exam Frequency

History and physical exam

5th year: every 6 months

Blood tests 1st - 4th year: every 3 months

5th year: every 6 months

Chest and extremity X-ray 1st - 4th year: every 3 months

1st - 4th year: every 3 months

5th year: every 6 months

CT/MRI chest and tumor site end of treatment and if clinically
indicated

Cardiac evaluation (EKG,
echocardiogram)

end of treatment and then at 1-5 years
depending on anthracycline dose
received

Functional evaluation 1 year off treatment, then at 2.5 and 5
years

Fertility evaluation 1 year off treatment, then as needed

Table 19.2  End-treatment follow-up exams to monitor late effects in Ewing’s sarcoma per COG 
survivorship guidelines [6]
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19.3.1.3  �Formalized Transition Programs
Many pediatric institutions have upper age limit for care, recognizing that the needs 
of older survivors can be better served in an adult-focused healthcare environment. 
These clinics are stuffed by pediatric and adult oncologists, family practitioners, 
internists, and nurse practitioners, who are experts in the care of pediatric cancer 
survivors. Multidisciplinary referrals to other subspecialties are made on an as-
needed basis, often to an established network of adult providers.

19.3.1.4  �Adult Oncology-Directed Care
Another option for transitioning young adult patients is to refer them to an adult 
oncologist for long-term follow-up. However, once minimal risk for disease recur-
rence has been identified, care is frequently transitioned to a primary care 
provider.

Exam Frequency

History and physical exam 1st year: every 2-3 months

2nd year: every 3-4 months

3rd-4th year: every 6 months

5th-10th year: every 12 months

Blood tests 1st-2nd year: every 6 weeks-3 months

3rd-4th year: every 2-4 months

5th-10th year: every 6 months

Chest and extremity X-ray 1st year: every 3 months

2nd-3rd year: every 6 months

4th-10th year: every 12 months

CT/MRI chest and tumor site every 4-6 months for the first 3 years, or
as indicated

Cardiac evaluation (EKG,
echocardiogram)

end of treatment and then at 1-5 years
depending on anthracycline dose
received

Hearing test end of treatment, 2.5 years or as
indicated

Functional evaluation 1 year off treatment, then at 2.5 and 5
years

Fertility evaluation 1 year off treatment, then as needed

Table 19.3  End-treatment follow-up exams to monitor late effects in osteosarcoma per COG 
survivorship guidelines [6]
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19.3.2	 �Community-Based Models

19.3.2.1  �Shared Care
This has been defined as a joint partnership between a specialist and a primary 
care provider in the planned delivery of care for a particular patient. This model 
has been used safely and successfully in improving patient outcomes with vari-
ous chronic illnesses. It offers a practical solution for meeting the complex needs 
of cancer survivors. In reality, however, it has not been yet embraced as the norm 
for survivorship care. The barriers of implementing this model are lack of knowl-
edge and experience of the primary care physician on complex oncological 

Exam Frequency

History and physical exam 1st year: every 3 months

2nd-3rd year: every 4 months

4th year: every 6 months

5th-10th year: every 12 months

Blood tests 1st year: every 3 months

2nd-3rd year: every 4 months

4th year: every 6 months

5th-10th year: every 12 months

Urinalysis 1st year: every 3-6 months

2nd year: every 6 months

3rd-10th year: every 12 months

CT/MRI of primary tumor 1st year: every 3 months

2nd year: every 4 months

3rd-4th year: every 6 months

Chest x-ray 1st year: every 3 months

2nd year: every 4 months

3rd-4th year: every 6 months

Other specific testing based on site of the primary tumor

Table 19.4  End-treatment follow-up exams to monitor late effects in rhabdomyosarcoma/soft 
tissue sarcoma per COG survivorship guidelines [6]
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problems and treatment protocols, the lack of time needed to provide a compre-
hensive preventive and chronic disease care, and the lack of continual communi-
cation and the clear delineation of roles between the oncologist and the primary 
care physician [130].

19.3.3	 �Need-Based Models

In the UK, models based on intensity of treatment are being explored to guide deci-
sions about type and frequency of long-term follow-up for pediatric cancer survi-
vors. Three levels of care have been proposed [131], and patients are followed 
either via telephone every 1–2 years, by primary care physician or nurse practitioner 
every 1–2 years, or by a specialized late-effect clinic.

19.4	 �Transition of Care

To optimize the health and quality of life of childhood cancer survivors, it is impor-
tant to develop a systematic care that continues beyond the childhood years. There 
are two key phases in the management of a cancer patient: transition to long-term 
follow-up and transition to adult healthcare.

19.4.1	 �Transition to Long-Term Follow-Up

Following completion of cancer treatment, patients enter an initial phase of follow-
up care, which focuses on surveillance for disease recurrence. Later it should transi-
tion to survivorship-focused care, where the emphasis is placed on risk-based 
screening and health promotion.

At the end of therapy, all treating oncologists should provide survivors with a 
clinical summary that details cancer treatment exposures, potential cancer treatment-
related health risks, and recommendations for health screening and risk-reducing 
behaviors. The summary should include date of diagnosis, cancer histology and 
stage, specific treatment modalities, and cumulative chemotherapy dose and radia-
tion treatment volumes and doses [119].

19.4.2	 �Transition to Adult Healthcare

This occurs when the survivor moves from pediatric long-term follow-up care to 
adult-oriented healthcare. In this adult setting, the patients assume primary respon-
sibility for their own care.
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19.5	 �Summary

Advances in the treatment of childhood sarcoma have resulted in increasing num-
bers of survivors. Numerous studies have demonstrated that survivors of childhood 
cancer are likely to present with adverse health-related consequences of their treat-
ment, and they can develop side effects any time later in life.

Current treatment protocols for childhood cancer are designed to minimize late 
effects without compromising survival, but further research is crucial to improve the 
quality of life for current and future survivors. Current strategies are focusing on 
eliminating or reducing exposures to specific chemotherapies with known late tox-
icities, identifying individuals with increased susceptibility for specific treatment-
associated late effects, and improving care for individuals, who developed 
treatment-related side effects.

The care of the child diagnosed with cancer does not end with the completion of 
therapy. We need to make sure that this vulnerable population continues to get 
access to best practices to detect and manage late effects, which will significantly 
improve their quality of life, which should be our ultimate goal.
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20Follow-Up/Late Effects Clinics

Allison B. Spitzer and Aditya V. Maheshwari

20.1	 �Introduction

Integral to the multidisciplinary model of care for the treatment of bone and soft 
tissue sarcomas is maintaining long-term follow-up for patients [1]. In general, dur-
ing the past five decades, long-term survival into adulthood is expected for greater 
than 80% of children with pediatric malignancies who have access to contemporary 
cancer therapies [1, 2]. With the increasing use of modern interventional therapies, 
survival rates for patients living with sarcoma have increased markedly over the past 
few decades. Specifically, Jacobs et al. [3] demonstrated that 5-year overall survival 
rates for soft tissue sarcoma increased from 28% from 1991 to 1996 to 62% from 
2004 to 2010 (p < 0.0001) and that radiation therapy was an independent prognostic 
indicator of survival.

While the therapies responsible for increased survival rate are certainly to be 
lauded, these therapies can also result in adverse long-term health outcomes, which 
are collectively referred to as “late effects” [4]. Because late effects manifest them-
selves months to years after the patient in question has completed their cancer treat-
ment, they can be associated with their own array of costly treatments, screening tests, 
and social and psychological issues. Perhaps as expected, the prevalence of these late 
effects increases as the time from cancer diagnosis and treatment increases [5].

The importance of and need for high-quality late effect clinics for cancer survi-
vors and specifically for sarcoma survivors, as will be discussed in this chapter, 
have increased proportionately with prolonged patient survival. Using these late 
effects clinics to identify clinical and treatment characteristics of patients with the 
greatest morbidity and mortality may help to develop a global set of risk assessment 
tools as well as counseling and health screening recommendations for long-term 
sarcoma survivors around the world [6].
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20.2	 �Overview of Late Effects

Late effects encompass a number of broad domains, which include growth and 
development, organ function, reproductive capacity and offspring health, secondary 
carcinogenesis, and psychosocial sequelae of disease. Aksnes et al. [7] studied the 
health status at long-term follow-up for patients with “extremity bone sarcoma” 
(EBS) and found that over a median follow-up period of 12 years (range 6–22 years), 
33% of EBS survivors had ototoxicity, 13% had reduced renal function, and that 
EBS survivors were statistically more likely than age- and gender-matched controls 
to have heart disease (p = 0.001), hypertension (p = 0.03), thyroid disease (p = 0.04), 
more diarrhea (p = 0.02), palpitations (p = 0.01), and shortness of breath (p = 0.01). 
The authors concluded that since EBS survivors had relatively poorer health status 
than the control group, long-term follow-up was mandatory. Similarly, Paulides 
et al. studied a cohort of 67 patients with Ewing’s sarcoma (with a median follow-up 
of 3.5 years) and found that 10.4% of these patients developed nephrotoxicity, 8.9% 
cardiotoxicity, and 34.3% all other toxicities; there was no difference between the 
short- and long-term rates of these toxicities, leading the authors to conclude that 
Ewing’s sarcoma has an overall relatively poor prognosis compared with other sar-
comas and that appropriate short- and long-term follow-up is essential for survivors 
of Ewing’s sarcoma [8].

Although late effects can be somewhat anticipated based on therapeutic expo-
sures, individual risk and disease manifestation can be influenced by a multitude of 
factors related to the tumor, to the treatment, and to the host. Tumor-related factors 
can include tumor location, effect on local tissue, tumor-induced organ dysfunction, 
and mechanical effect. Treatment-related factors include dose and target organ size 
during radiation therapy; agent, intensity, cumulative dose, and schedule of chemo-
therapy; surgical technique and site; use of a combined modality therapy; and man-
agement of chronic graft-versus-host disease. Host-related factors can include 
gender, genetics, prior health state, developmental status, age at diagnosis, time 
elapsed from diagnosis or therapy, individual capacity for tissue healing, normal 
organ function, and socioeconomic status. These late effects occur in adults who are 
childhood cancer survivors, whether from sarcoma or other malignant origin, and 
must be addressed with effective long-term follow-up [9].

In the Childhood Cancer Survivor Study (CCSS) [10], the investigators dem-
onstrated that morbidity and mortality in childhood cancer survivors increased 
after the fourth decade of life (Fig. 20.1). Specifically, the incidence of a self-
reported debilitating health condition was 53.6% among survivors compared with 
19.8% in a sibling control group. Also, among survivors who were 35 years old 
(and had not previously experienced a disabling or life-threatening health condi-
tion), 25.9% experienced a new grade 3 (severe or disabling) to grade 5 (life-
threatening or fatal) health condition within 10 years, compared to 6% of healthy 
siblings [10]. Such debilitating or life-endangering health conditions can result in 
significant functional impairment of survivors. Female survivors in particular 
demonstrated a steeper age-dependent diminished health status compared with 
male survivors.
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20.3	 �Overview of Sarcoma Prognosis

Relapsed primary cancer is the most frequent cause of mortality among survivors of 
childhood cancer, followed by cause-specific mortality from subsequent primary 
cancers and cardiac and pulmonary toxicity [11]. More specifically, bone and soft 

Fig. 20.1  Cumulative incidence of chronic health conditions for severe, disabling, life-threatening, 
or fatal health conditions by primary childhood cancer diagnosis: (a) leukemia, (b) central nervous 
system tumors, (c) Hodgkin lymphoma, (d) non-Hodgkin lymphoma, (e) kidney tumors, (f) neuro-
blastoma, (g) soft tissue sarcoma, and (h) bone tumors (Reproduced with permission [10])
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tissue sarcomas are an extremely heterogeneous set of tumors with variable behav-
ior and prognoses. Choong et al. [12] described the long-term follow-up (mean of 
44 months) of 20 patients with nonmetastatic, low-grade, central osteosarcoma, all 
of which arose in the lower limb and presented with a primary symptom of pain. 
Five- and 10-year survival with wide surgical margins was 90% and 85%, respec-
tively. Berlanga et al. [13] described a 51% and 45% overall survival rate for high-
grade osteosarcoma at 5 and 10 years, respectively. Kinsella et al. [14] also found 
relatively poor survival rates (51% and 39% overall survival at 5 and 10  years, 
respectively) in a cohort of 107 patients with Ewing’s sarcoma of the bone, in which 
metastatic disease at presentation, age greater than 25, elevated lactate dehydroge-
nase, and central primary tumor in localized disease patients were associated with 
decreased disease-free survival and overall survival and where a majority of the 
patients relapsed within 5  years of presentation and a minority relapsed within 
5–15  years. These varied prognoses among patients with tumors in the sarcoma 
family serve to emphasize the importance of consistent long-term follow-up for all 
sarcoma survivors and may help guide diagnosis-specific guidelines for sarcoma 
follow-up.

With improved survival and an increasing number of middle-aged childhood 
sarcoma survivors, it becomes important to investigate the late effects of these 
tumors and their treatments, which range from radical surgical excision to chemo-
therapy to radiation therapy depending on the type of tumor. For example, the 
British Childhood Cancer Survivor Study described long-term adverse outcomes in 
a large cohort of 664 childhood bone sarcoma survivors. Although the authors found 
that after 25 years of follow-up, the overall mortality risk was comparable to the 
general population, mortality within the first 25  years of follow-up was 12.7× 
greater than the general population; survivors were four times more likely to develop 
a subsequent neoplasm and had overall poorer health status and exhibited increased 
health-care usage [9].

Generally, all childhood and young adult cancer survivors have greater hospital-
related morbidity compared with age- and gender-matched controls, and late effects 
from childhood or young adult cancer treatment contribute markedly to these 
patients’ morbidity [6, 15, 16]. Other studies have found that 60% to upward of 90% 
of childhood sarcoma survivors develop one or more chronic health conditions and 
that 20–80% of survivors experience severe, sometimes life-threatening, complica-
tions during adulthood [17, 18]. In spite of higher all-around morbidity, overall 
mortality for all childhood and young adult cancers has decreased over time due to 
improved therapeutic efficacy, awareness of late effects (including subsequent can-
cers), and how to prevent or treat them. Significantly, there has been a resultant 
reduction in deaths from primary cancer. With increasingly widespread implemen-
tation of therapeutic protocols and effective multidisciplinary long-term follow-up 
into adulthood, late morbidity and mortality can be further curbed, and we may be 
able to better ascertain how individual tumors and therapeutic interventions affect 
long-term mortality.
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20.4	 �Multidisciplinary Long-Term Follow-Up Clinics

While many patients diagnosed with sarcoma may be “cured” of their disease and 
live cancer-free lives, a significant number of these patients are at risk of developing 
serious chronic medical conditions with age that are related to their sarcoma treat-
ment. It is very important for childhood and young adult sarcoma survivors to have 
an appropriate transition from the pediatric to the adult health-care setting. The 
long-term outcomes, livelihood, and well-being of these patients depend on access 
to appropriate resources, including multidisciplinary late effects clinics, which have 
been described as the “optimal model” to facilitate coordination between the 
patient’s cancer center oncology team and community physician specialists who 
will manage the patient’s health care longitudinally [19].

The continued development of special multidisciplinary long-term follow-up 
clinics is critical. For example, one of the limitations of the current system is limited 
ability of childhood cancer survivors to access appropriate risk-based care. For 
example, Casillas et al. [20] found that survivors without access to health insurance 
were less likely to report cancer-related visits or cancer center visits (RR 0.83; 95% 
CI) and that uninsured survivors had lower levels of care utilization overall com-
pared with privately insured survivors. Further, Kirchhoff et al. [21] found that cer-
tain survivor subgroups such as younger survivors aged 20–29  years, females, 
nonwhites, and survivors self-reporting poorer health faced more cost barriers to 
appropriate follow-up care, which may put them at greater risk of succumbing to the 
late effects of their disease. In addition, Nathan et al. [22] found that survivors at the 
highest risk of colon, breast, or skin cancer had very low surveillance, which empha-
sizes the need for education about appropriate surveillance and risk of new malig-
nancies for both childhood cancer survivors and physicians. They also found that 
31.5% of survivors reported receiving survivor-focused care, that is, care focusing 
on their previous cancer, while 17.8% also received advice about risk reduction or 
ordering of screening tests; overall, approximately 88.8% of survivors received 
some form of medical care. In sum, there is a clear discrepancy between the care 
childhood cancer survivors should receive and the care they are getting, and increas-
ing the creation and utilization of multidisciplinary late effects clinics specifically 
for sarcoma survivors will help to eradicate this discrepancy.

One of the essential services provided to patients by such multidisciplinary clin-
ics is the coordination of an individualized survivor’s care plan in order to record 
and monitor the therapeutic interventions the patient has previously received (and 
their associated health risks), individualized health screening recommendations, 
and education about risk modification through lifestyle choices. These clinics can 
streamline the care model, through efforts to pair patients with two or more special-
ists in the same appointment, thereby increasing efficient use of patient and provider 
time and potentially increasing the rate of patient follow-up. For example, a patient 
may see both a medical oncologist specializing in the treatment of sarcoma and a 
cardiologist specializing in the treatment of heart problems caused by cancer 
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treatment in the same appointment. In addition, renal, endocrinology, physical med-
icine and rehabilitation, and psychiatry specialists are also available through these 
clinics to help manage conditions in these patients that are most commonly seen in 
sarcoma survivors [23].

The primary focus of these clinics is on early detection and surveillance, since 
chronic conditions that typically occur at a later age in the general population, 
such as cardiac disease, can occur at a much younger age in sarcoma survivor 
patients, even as young as 30 years old, and occur in nearly one-third of soft tis-
sue sarcoma survivors after treatment [24]. Other common chronic conditions in 
sarcoma survivors (occurring as soon as 2 years after treatment) include type 2 
diabetes, hypertension, dyslipidemia, renal failure, mental health problems, 
recurrence of sarcoma, and new malignancies. These conditions are often treat-
able with early detection and intervention through established medical tech-
niques. The occurrence of these conditions at young ages demonstrates the need 
for multidisciplinary late effects clinics, as primary care providers may not have 
the clinical experience to look for heart disease or renal failure in a 30-year-old 
patient, regardless of previous treatments received. Of note, some clinics may 
only accept patients who have been out of therapy for 2 or more years, or adult 
patients only, in order to encourage short-term follow-up with the patient’s surgi-
cal team or in pediatric hospitals with the appropriate pediatric oncological 
resources.

In addition, while these clinics are invaluable for helping sarcoma survivors 
receive the highest quality of care, such clinics may also serve as research recruit-
ment sites where the effectiveness of new interventions intended to improve sur-
vival and quality of life in sarcoma survivors can be tested on a relatively wide scale.

Beyond assisting sarcoma patients with coordinating care and developing new 
treatment strategies, such clinics may also provide patients with another equally 
valuable but perhaps unquantifiable resource: that of human solidarity and friend-
ship. Attending such clinics and interacting with other individuals with similar 
health backgrounds may help sarcoma survivors meet other individuals with similar 
medical histories and treatment experiences and, thereby, foster acquaintances 
among those with similar struggles, as well as successes, associated with a diagno-
sis of sarcoma and its long-term sequelae. An individual patient may experience 
enrichment of their mental health status (often plagued by the depression and anxi-
ety associated with a cancer diagnosis) through exposure to, and contact with, a 
population of similar individuals. Finally, it is possible that the course of an indi-
vidual patient’s disease may be altered through such clinics, by helping providers 
more easily to identify successful (or ineffective) treatment trends for late effects on 
a large scale and by helping patients to share successful late effect treatment infor-
mation. Patient-driven interactions can potentially identify particular treatment 
options in their early stages, before a given therapy has become widely adopted and 
thoroughly substantiated in the literature.
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Unfortunately, lack of health insurance still seems to be an important concern for 
survivors of childhood cancer because of health issues, unemployment, and other 
societal factors. Access to, and retention of, health insurance for childhood cancer 
survivors has improved with the passing of recent legislation such as the Health 
Insurance Portability and Accountability Act, although further studies are required 
to clarify the durability and limitations of such legislation [25].

20.5	 �Follow-Up Intervals

Currently, there are no published data outlining specific universal and widely 
acceptable policies for follow-up of surgically treated patients. However, it has been 
shown that clear protocols for sarcoma survivor follow-up can improve both the 
consistency and availability of long-term care [26]. Follow-up strategy for soft tis-
sue sarcoma should be tailored to the individual risk of recurrence and based on the 
most efficient means of surveillance [24]. Early detection of resectable local or 
metastatic (especially to the lungs) recurrent disease can help prolong patient sur-
vival, as can new advances in sarcoma treatment. Also, given that 40–60% of 
patients with soft tissue sarcoma experience relapse, with the majority occurring 
within the first 5 years after primary treatment (about 80% of metastases to the lung 
and almost 70% local recurrences occur in the first 2–3 years), close surveillance 
during the first 2–3  years after treatment is essential [24]. Generally, high-risk 
patients are more likely to relapse within the first 2–3  years, while lower-risk 
patients may relapse later and less frequently.

There is currently a wide spectrum of surveillance strategies, which can vary 
widely from provider to provider. Rutkowski et al. [24] advocate for a somewhat 
conservative approach, focusing on the most effective (rather than the most 
sophisticated) forms of surveillance, including a careful history, physical exam 
(including scrutiny of postoperative scars at the primary tumor site), and chest 
X-ray or chest computed tomography (CT) [depending on provider preference] 
to screen for lung metastases in asymptomatic patients. This is justified by the 
authors given that lung metastases are the most frequent location of disease 
recurrence in patients with soft tissue sarcoma of the extremity and that multiple 
patient series have demonstrated that radical excision of resectable lung metasta-
ses afforded overall longer survival compared with patients with inoperable dis-
ease [27, 28]. Rutkowski et  al. also recommend that patients with soft tissue 
sarcomas that are retroperitoneal or intraperitoneal (such as gastrointestinal stro-
mal tumor) in  location may also benefit from contrast-enhanced computed 
tomography of the abdomen and pelvis during follow-up. Importantly, the risk 
assessment (based on tumor grade, size, and site) can help to determine the fre-
quency of each patient’s routine follow-up intervals. For example, certain rare 
subtypes of soft tissue sarcoma tend to spread consistently to specific geographic 
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locations, such as the lymph nodes for rhabdomyosarcoma, epithelioid sarcoma, 
clear cell sarcoma and synovial sarcoma, and intra-abdominally for myxoid 
liposarcoma.

With respect to recommended follow-up intervals, the European Society for 
Medical Oncology (ESMO) [29, 30] published a set of clinical guidelines for soft 
tissue sarcoma follow-up, describing the following follow-up intervals for high-
grade surgically treated soft tissue sarcomas: every 3–4 months with clinical exam 
and chest X-ray or chest CT for intermediate-/high-grade surgically treated soft 
tissue sarcoma patients during the first 2–3 years after surgery, every 6 months until 
the 5th year after surgery, and annually after the 5-year mark with primarily clinical 
follow-up. For low-grade sarcoma patients, they recommend follow-up every 
4–6 months with slightly less frequent chest X-rays or chest CTs with clinical exam 
for the first 3–5 years, then annually [30].

In addition, Alberta Health Services in Canada [31] put out another set of recom-
mended clinical practice guidelines for soft tissue sarcoma follow-up surveillance 
in 2014, with the following recommendations: clinical exam and chest X-ray or 
chest CT every 6 months in the first 2 years and annually for 5 years after surgical 
resection for low-risk/low-grade sarcomas and exam and chest X-ray every 4 months 
for 2 years after surgical resection, then every 6 months for the 3rd year, and every 
6–12  months for years 4–5 for high-risk/moderate- or high-grade sarcoma. The 
authors also recommended baseline post-resection imaging at least 3 months after 
surgery in patients felt to be at higher risk of recurrence or who had unreliable local 
tissues on physical examination, and that routine use of computed tomography for 
pulmonary imaging was not recommended unless enhanced imaging sensitivity was 
required due to clinical suspicion for local recurrence. However, neither these 
guidelines nor the ESMO guidelines include recommendations for bone sarcomas, 
and while evidence-based literature is referenced, the Alberta authors admit that 
their recommendations, like other guidelines before them, are primarily based on 
expert consensus rather than evidence-based literature. The authors cite the rela-
tively rare occurrence of soft tissue sarcomas compared with other cancers as a 
potential cause for the dearth of high-quality evidence available to help guide fol-
low-up strategies. The Children’s Oncology Group (COG) [32] also provides a 
comprehensive set of guidelines titled “Long-Term Follow-Up Guidelines for 
Survivors of Childhood, Adolescent and Young Adult Cancer” (COG LTFU), which 
provides recommended guidelines for health-care professionals caring for asymp-
tomatic survivors presenting for routine exposure-based medical follow-up and is 
intended to help standardize the care of childhood cancer survivors [33].

Combination of imaging techniques, such as positron-emission tomography with 
fluorine-18-fluorodeoxyglucose (18-FDG-PET) and CT, can provide both anatomi-
cal and functional data, and there is a growing body of evidence demonstrating the 
effectiveness of PET-CT and other newer imaging methods for the detection and 
staging of tumors, assessing treatment response, follow-up, and surveillance [34]. 
These new modalities also have the potential to decrease both the sample sizes 
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required for, and duration of, clinical trials by providing an early indication of thera-
peutic response that is well correlated with clinical outcomes, such as time to tumor 
progression or overall survival.

20.6	 �Cost of Follow-Up

It is important to note that although MRI may be most sensitive to detect local 
relapse and CT most sensitive to detect lung metastases, it has not been clinically 
proven that use of these advanced imaging modalities improves clinical outcomes 
compared to simple clinical assessment (physical examination) of the primary site 
and interval chest X-rays. Further, Fleming et al. [35] found that performing a chest 
CT added minimal clinical benefit for surveillance when there was a low risk of 
pulmonary metastasis. There is a need for clinical trials to identify the optimal strat-
egy for sarcoma surveillance that will balance enhanced survival, quality of life, 
cost, and willingness of society to contribute resources. Obstacles to the completion 
of such trials include the rarity of extremity soft tissue sarcoma, the cost of conduct-
ing a clinical trial, and the willingness of cancer survivors to participate.

There is currently a wide disparity in the cost of sarcoma surveillance methods, 
despite surveillance guidelines issued by prominent national and international orga-
nizations such as the National Comprehensive Cancer Network. Specifically, Goel 
et al. [36] conducted a literature search of all published extremity soft tissue sar-
coma 5-year surveillance strategies from 1982 to 2003 using Medicare-allowed 
charges as a proxy. They identified 54 strategies for follow-up in 34 published stud-
ies. Total Medicare-allowed charges in year 2003 US dollars ranged from $485 for 
follow-up of low-grade sarcoma to $21,235 for follow-up of high-grade sarcoma, a 
42.8-fold cost differential with an average of $ 6401. Of note, clinical examination 
and chest X-ray were the two most commonly utilized screening modalities, again 
emphasizing the need for clinical trials to ascertain whether these modalities are not 
only the least costly but also the most cost-effective form of sarcoma surveillance 
screening. Given the marked disparities in cost for different surveillance methods, it 
is clear that cost is an important factor that needs to be addressed and standardized 
in future sarcoma surveillance guidelines.

20.7	 �Future Directions

There is significant potential for future studies and a demonstrated need for the 
publication of universal clinical practice guidelines for the treatment and surveil-
lance of patients with extremity bone-based and soft tissue sarcomas that account 
for the individual characteristics and expected prognosis of each patient and tumor. 
In order to help lay the groundwork for such a study, Gerrand et al. [29] conducted 
a survey of current practice in the United Kingdom, which confirmed that clinicians 
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in the United Kingdom vary follow-up recommendations according to the patient’s 
perceived risk of relapse, which respondents associated with surgical margin status, 
histological grade and size and depth, tumor diagnosis, site, and patient age, all find-
ings supported by peer-reviewed literature. There was significant variation in cur-
rent practice with respect to the types of imaging studies used for follow-up (e.g., 
chest X-ray versus computed tomography of the chest) and the frequency and cost 
of follow-up. Of note, the findings of the UK survey are similar to a survey con-
ducted by the American Society of Surgical Oncology by Sakata et al. [31]

Given the significant variation in physician approach to surveillance, Damery 
et al. [26] surveyed 132 patients and found that patients generally preferred follow-
up appointments consisting of physical examination and chest X-ray in a secondary 
care location rather than the primary care setting. It is important to incorporate 
patient preferences into clinical surveillance strategies in order to maximize both 
patient follow-up and satisfaction.

Variation in management and cost reflected in these current practice surveys 
emphasizes the current absence of high-quality evidence supporting any one follow-
up strategy and clearly suggests there is a role for future higher-level studies to 
determine the optimal follow-up strategy for each individual sarcoma survivor 
patient. Factors such as the economic cost of follow-up, psychological impact to the 
patient, and the prognostic effect of more intensive versus less intensive follow-up 
algorithms should all be further elucidated in these randomized studies and reflected 
in subsequent evidence-based clinical practice guidelines.

�Conclu�sions

There is a clear, demonstrated need for a universal set of evidence-based clinical 
guidelines for both soft tissue and bone sarcomas in order to best streamline care 
and in order to clarify the standard of follow-up care for sarcoma survivors. 
Interestingly, the recommendation that these late effects clinics be “multidisci-
plinary” appears currently to be the only universally recognized clinical practice 
guideline. Future guidelines should ideally be evidence based, should reflect the 
findings of existing literature regarding the impact of specific tumor and indi-
vidual characteristics on prognosis and treatment of late effects including but not 
limited to recurrence, and should also reflect previously unaddressed questions 
such as the effect of patient health insurance on the care received. In summary, 
there has been significant therapeutic progress in the treatment of certain types of 
sarcomas in the past century, which is reflected by the increased number of sar-
coma survivors in need of long-term clinical follow-up. To this end, we must 
continue to find ways to fund the expansion of multidisciplinary late effect sar-
coma clinics where patients and providers can effectively coordinate their long-
term follow-up care for the diverse and sometimes unexpected late effects known 
to be associated with sarcoma treatment.

In addition, there is a demonstrable need for future high-powered, higher-
level studies regarding the optimal follow-up algorithm that will maximize the 
efficacy of the increasing numbers of multidisciplinary late effect clinics. 
Importantly, these late effects clinics are poised to serve as recruitment centers 
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for high-quality randomized, controlled clinical trials that would help provide 
the best evidence for follow-up protocols for sarcoma survivors, further high-
lighting their integral role in the future enhanced treatment of sarcoma 
survivors.
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21.1	 �Introduction

Clinical trials provide the best way for clinicians and researchers alike to discover the 
optimal medical strategy, treatment, or device for patients [1]. Additionally, clinical 
trials allow for a determination on treatment safety and efficacy in humans. Clinical 
trials provide the highest level of evidence available for health-care decision-making. 
In progression from medical idea to implementation in clinical practice, the clinical 
trial is one of the final stages of a long and rigorous research process. Clinical trials 
start with small groups of patients to determine if a new approach causes any harm, 
and once that hurdle is cleared, the next stage is to determine the risks and benefits 
of the new approach [2]. A recommendation is made if the new approach, device, or 
treatment option improves patient outcomes, provides no benefit, or causes harm [1]. 
A discussion will be provided on what clinical trials are, how they work, their risks 
and benefits, and their importance in medicine. Furthermore, a survey of significant 
clinical trials in the study of various sarcomas will be provided.

21.2	 �What Are Clinical Trials/How Do They Work

When a clinical trial is first proposed, a protocol is created which details how the 
trial will work [2]. The principal investigator (PI) prepares the protocol for the 
clinical trial outlining what will be done during the study and why. It is important 
that every center that participates in the trial uses the same protocol for reproduc-
ibility. The protocol establishes study parameters including: a number of patients 
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that will participate, patient eligibility, treatment(s) or interventions received, 
frequency of treatment, the type of data that will be collected, and detailed infor-
mation on the treatment plan. Avoiding bias in a clinical trial is paramount, and 
researchers help achieve this by using strategies of randomization and blinding. 
The study group and comparison group in a clinical trial are assigned patients by 
chance (randomization) rather than by choice, which establishes statistically rel-
evant groups. Blinding is achieved when patients are not informed if they will be 
in the treatment or control group. Double blinding is achieved when the investi-
gator is also blinded from whether the patient is receiving the experimental or 
control treatment. These techniques significantly decrease the potential for bias 
influencing outcomes, improving the statistical power and credibility of the clini-
cal trial.

In addition to the PI, sponsors and the institutional review board (IRB) are 
the two other key groups involved in clinical trials. The sponsor serves as an 
overseer of the trial. Sponsors are commonly pharmaceutical or device compa-
nies that indicate a clinical trial for one of their products. Furthermore, govern-
ment agencies such as the National Institutes of Health (NIH); the National 
Heart, Lung, and Blood Institute (NHLBI); and the United States (US) 
Departments of Defense and Veterans Affairs sponsor clinical trials. Private 
companies such as universities and nonprofit organizations may also sponsor 
clinical trials [1]. Some companies and groups sponsor clinical trials that test 
the safety of products, such as medicines, and how well they work. The US Food 
and Drug Administration (FDA) oversees these clinical trials. The NIH may 
partner with these companies or groups to help sponsor some trials. Sponsors 
select qualified investigators, monitor the investigation, provide investigators 
with information they need, and ensure that all parts of the study adhere to gen-
eral investigational plans and protocols. The sponsor is responsible for all oper-
ational aspects of the study.

The IRB is a regulatory group whose primary goal is the protection of the rights 
and welfare of human subjects. The IRB is a body designated by an institution to 
review, approve the initiation of, and conduct periodic review on studies involving 
human subjects. Responsibilities of the IRB include conducting initial and periodic 
review of research to ensure the safety of human subjects, establish adequate 
informed consent for participants, and approve any changes to the initial protocol 
[3]. In addition to the IRB, there are other notable regulatory bodies for patient pro-
tection in clinical trials. The Office of Human Rights Protections provides guidance 
and oversight to the IRB by offering advice and developing educational programs 
for research-related issues. The Data Safety Monitoring Board is comprised of 
research and study topic expert and is required to review all NIH phase 3 clinical 
trials for their safety profiles and identify and resolve any unforeseen risks to 
patients. The Food and Drug Administration provides further protection for study 
participants by reviewing applications for drugs or medical devices before any 
human testing is done [1].
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21.3	 �Historical Perspectives

James Lind is considered the first physician to have conducted a controlled 
clinical trial in the modern era [4]. In 1747, as a surgeon on board his ship the 
HMS Salisbury, he sought to investigate scurvy’s response to various diets. He 
took 12 of his men who suffered from scurvy and assigned two of them to six 
different diets. His results were remarkable in that the group given oranges and 
lemons were effectively cured of scurvy. Although the results were clear, Lind 
hesitated to recommend citrus for sailors, as oranges/lemons were expensive at 
the time. Not until 50 years later did the British Navy make citrus a compulsory 
part of its diet, dramatically decreasing scurvy and providing substantial clinical 
benefit. In 1946 the first randomized controlled trial was conducted by Sir 
Bradford Hill using streptomycin to treat pulmonary tuberculosis [4]. His land-
mark clinical trial established randomization as superior to alternation in order 
to better conceal the allocation schedule. Randomization is now the standard in 
clinical trials [5].

In 1947 the Nuremberg Code was developed, outlining ten basic statements for 
the protection of human participants in clinical trials (Appendix) [6]. Today clinical 
trials are widely accepted in the medical community as the best method for obtain-
ing data for health-care decision-making and include stringent measures to avoid 
bias and ensure human subject safety.

21.4	 �Types of Trials

The NIH organizes clinical trials into six different categories: treatment trials 
which test experimental treatments, natural history trials which provide informa-
tion on how diseases progress, prevention trials which look for better ways to pre-
vent disease, diagnostic trials which are conducted to find better tests or procedures 
for diagnosing a particular disease, screening trials which test the best way to 
detect certain diseases, and quality of life trials which explore ways to improve 
comfort and quality of life for individuals with chronic illness [7]. While these 
types of trials each investigate different aspects of care, all are integral to improv-
ing patient care.

Furthermore, clinical trials are divided into four phases (Table 21.1) [8]. Prior to 
any testing on humans, there are preclinical trials, frequently performed with rele-
vant and suitable animal models. After preclinical trials have shown some effica-
cious results, phase 1 trials are conducted with a limited number of human 
volunteers. Phase 1 trials are generally done on healthy people where a treatment is 
tested to verify that there are no adverse or toxic effects. Phase 2 trials are then per-
formed with a small group of actual patients to demonstrate effect of treatment. 
After a treatment has shown some clinical benefit, phase 3 trials are performed on a 
large scale with multiple patients in multiple centers to determine efficacy. After 
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success in phase 3 studies, the FDA approves the drug or device. Phase 4 is the last 
stage in clinical trials, consists of posttreatment monitoring for potential late effects 
and safety, and can include investigation into new uses for previously approved 
treatments.

Table 21.1  Phases of clinical trial [8]

Trial phase Goals of research Patient enrollment

Preclinical Tests a new treatment in cell lines or animal 
models

No human subjects are used in 
this phase

Establishes good manufacturing processes 
(GMPs), which are the minimum 
requirements that a pharmaceutical company 
must meet to assure the products are of high 
quality and do not pose risks

If the treatment does not work, 
it will not move on to other 
phases

Makes enough for human trials

Phase 1 Tests the safety of the treatment in humans Can test a brand new drug or a 
combination of established 
treatments

Analyzes how the treatment works and is 
metabolized in the body

Relatively small numbers of 
patients

Secondary goal of effectiveness Patients may have exhausted 
other treatment methods first, 
or there is no known effective 
treatment

Phase 2 Tests how effective the new treatment is for 
a particular type of cancer or subtype of 
cancer (e.g., sarcoma)

Relatively small number of 
patients needed

Secondary goal of monitoring safety Patients usually have been 
treated previously

If the treatment is not effective, 
it will not be carried on to 
further phases

Phase 1/2 or 
pilot

Usually speeds up evaluation of an 
experimental agent

Relatively small numbers

Primary goal is how effective is the 
treatment

Used for rarer cancers, often 
for childhood cancers where 
the agent has already gone 
through phase 1 trials in adults

Phase 3 Primary goal is to compare the studied 
treatment to other standard treatments

Requires a large number of 
patients

Secondary goals of safety, side effects, 
dosages

Patients may be randomly 
assigned by computer to 
different treatment arms

Phase 4 This is usually after acceptance of a new 
treatment

Large numbers

Looks at longer-term safety and side effects Not often done for cancer 
treatments
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21.5	 �Risks and Benefits

It has been suggested that many people who enroll in clinical trials may be dissatis-
fied with their current treatment plans and are looking for other options [9]. 
Participation in a clinical trial not only serves to help future generations of patients, 
but can also provide immediate benefit to patients enrolled in trials. The clinical trial 
provides participants with access to a new treatment option well before it becomes 
available to the general public [1]. Participation in a trial can have direct financial 
benefits to patients when treatments and related medical costs are paid for in part or 
whole by the sponsor. However, the altruistic benefit of participating in a clinical 
trial must also be stated. Even if a direct benefit is not provided to participants, the 
information gathered adds to scientific knowledge and is vital to the process of 
improving health care [1].

In addition to benefits, there are also risks to clinical trials (Table 21.2) [8]. By 
definition new treatments have unknown safety profiles. Even the most highly 

Table 21.2  Pros and cons of clinical trials [8]

Trial feature Pros Cons

Cost Cost may be completely covered 
by the sponsor

If cost isn’t completely covered, 
insurance may not pay for all trial 
costs (although this is rare)

Location The trials are often done by 
specialists, allowing for optimal 
care

You may have to travel for at least 
part of the treatment

Medical tests You will be more closely 
followed by your oncologist 
than if you are on a standard 
treatment, which allows for 
better monitoring of efficacy and 
side effects

You may need to do more doctor 
visits and more types of tests than 
with a standard treatment

Randomization Randomized trials are designed 
to have “equipoise”: in other 
words, there isn’t an expectation 
at the start that either treatment 
is better than the other

You might not get the experimental 
treatment, and it could turn out that 
the treatment you received, 
experimental or standard, was not the 
superior arm

Involvement or treat Participants have made an active 
choice in their treatment and are 
often more aware of their 
options

Randomization may make some 
people feel that they have less 
control over their treatment

Efficacy You will be getting at least the 
standard treatment and may be 
getting a better treatment

The trial may not benefit you 
personally

Helping others Clinical trials are the best way to 
improve treatment for people 
diagnosed with sarcoma in the 
future

There is no downside to helping 
others; remember that if a treatment 
works now, it is because previous 
patients enrolled in past clinical trials
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regulated trials with many built-in safeguards to protect study participants have 
risks. It is critical that study participants be thoroughly educated on the known spe-
cific risks and benefits of a given trial. Patients must also be informed that unfore-
seen effects may occur and what strategies are in place to detect and minimize such 
effects. A goal of each clinical trial should be to improve public and patient literacy 
making patients and their families into informed decision-makers [1].

21.6	 �Importance of Clinical Trials

Clinical trials are a key research tool for establishing that new treatments or strate-
gies are both safe and effective in addressing an illness in a specific population. 
Clinical trials show us what works and what doesn’t work in medicine and health 
care by answering two important questions: does the treatment work in humans and 
is the treatment safe [10]? Furthermore, these trials can inform health-care decision-
makers and allow for allocation of resources to treatments that work best. In the next 
section, we will review some of the landmark studies in sarcoma which have 
changed how we treat patients and outline the importance of clinical trials.

21.7	 �Examples of Clinical Trials in Sarcoma

In contrast to the commonly occurring carcinomas, there are relatively fewer clini-
cal trials in sarcoma due to the low incidence of sarcoma in the population. As a 
result, there are few universally accepted recommendations for the treatment of 
sarcoma. Multicenter trials have been useful in studying rare tumors and thus serve 
as a useful application in sarcomas. Some examples of clinical trials in sarcoma are 
discussed below.

In most cases of soft tissue sarcomas, a multimodal approach to treatment includ-
ing surgery, radiation therapy, and chemotherapy is used [11]. However, there are no 
universal guidelines. In a landmark randomized trial, patients with extremity soft 
tissue sarcomas (STS) were randomized to receive limb-sparing surgery plus post-
operative radiation therapy vs. limb amputation [12]. All patients received 
doxorubicin-based chemotherapy. Although local recurrence was higher in the 
limb-sparing group, the overall survival was identical between the two groups. 
Therefore, for patients with a limb-sparing option, multimodality therapy with local 
resection and radiation therapy is preferable, and amputation for extremity STS is 
rarely performed these days.

However, the role of adjuvant chemotherapy in soft tissue sarcoma remains con-
troversial. Several randomized but underpowered clinical trials with doxorubicin 
have been unable to show consistent beneficial results. As with much of clinical 
research in sarcoma, the absence of large, randomized trials limits interpretation of 
such data. To overcome this, a meta-analysis [13] of all randomized trials performed 
by the Sarcoma Meta-analysis Collaboration, doxorubicin-based adjuvant therapy 
for soft tissue sarcomas, showed that chemotherapy statistically improves the time 
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to local and distant recurrence and improves overall recurrence-free survival. 
Although not statistically significant, there was a trend toward improved overall 
survival. The best evidence of an effect of adjuvant chemotherapy for survival was 
seen in patients with sarcomas of the extremities. This meta-analysis has helped 
justify the continued use of chemotherapy in patients with extremity STS. Another 
chemotherapy-related randomized trial demonstrated that there was no difference 
in local control or complication rates between intra-arterial and intravenous doxoru-
bicin combined with radiation (n = 112) [14]. Subsequent studies have transitioned 
to the use of intravenous chemotherapy, with intra-arterial administration of chemo-
therapy falling out of favor.

O’Sullivan et al. [15] investigated the results of preoperative vs. postoperative 
radiotherapy in soft tissue sarcoma of the limbs. After stratification by tumor size (< 
or >10 cm), they randomly allocated 94 patients to preoperative radiotherapy (50 Gy 
in 25 fractions) and 96 patients to postoperative radiotherapy (66 Gy in 33 frac-
tions). The primary end point was the rate of wound complications within 120 days 
postoperatively. The wound complications were significantly higher in the preop-
erative group (35% vs. 17%, P = 0.01). Tumor size and anatomical site were also 
significant risk factors in multivariate analysis. Overall survival was slightly better 
in patients who had preoperative radiotherapy than in those who had postoperative 
treatment (p = 0.0481). The authors concluded that since preoperative radiotherapy 
is associated with a greater risk of wound complications than postoperative radio-
therapy, the choice of regimen for patients with soft tissue sarcoma should take into 
account the timing of surgery and radiotherapy and the size and anatomical site of 
the tumor. A subsequent update [16] on this trial reported that patients treated with 
postoperative radiotherapy had a significantly higher rate of fibrosis (48.2% vs. 
31.5%, p = 0.07). Joint stiffness (23.2% vs. 17.8%) and edema (23.2% vs. 15.1%) 
were also more frequently observed in the postoperative radiotherapy arm as 
opposed to the preoperative arm, although these differences were not statistically 
significant. These results suggest that preoperative radiotherapy is associated with 
more acute wound healing complications in the perioperative period, but that the 
higher radiation dose and larger field size of postoperative administration may 
increase long-term limb complications. However, it should be kept in mind that 
actual techniques and equipment for administering radiation have evolved since 
those studies. Currently, preference for the use of pre- vs. postoperative radiation 
remains institution dependent and may be influenced by the location of the tumor 
given the higher incidence of wound complications in lower extremity tumors. Thus 
some surgeons prefer preoperative radiation for upper extremity and head and neck 
sarcomas because of the benefit of lower and more localized radiation doses to these 
vital tissues as compared to lower extremities.

The role of newer chemotherapeutic agents in refractory soft tissue sarcomas has 
been investigated in several trials. A multicenter clinical trial studied the effect of 
pazopanib on progression-free survival in patients with metastatic non-adipocytic 
soft tissue sarcoma after failure of standard chemotherapy [17]. A phase 3 study was 
done in 72 institutions, across 13 countries, where patients with metastatic soft tis-
sue sarcoma that progressed despite previous standard chemotherapy were 
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randomized to receive either pazopanib 800 mg once daily or a placebo. Pazopanib 
is a tyrosine kinase inhibitor that is an angiogenesis inhibitor. Of note, all patients 
involved in the trial had not been treated previously with an angiogenesis inhibitor 
medication. The study was double blinded and included 369 patients allocated in a 
2:1 treatment to placebo fashion (n = 246, pazopanib; n = 123, placebo). Median 
progression-free survival was 4.6 months (95% CI 3.7–4.8) for pazopanib com-
pared with 1.6 (95% CI 0.9–1.8) months for placebo. Overall mean survival was 
12.5 months with pazopanib vs. 10.7 months with placebo, however; overall sur-
vival did not reach statistical significance. This clinical trial concluded that pazo-
panib is an effective treatment option for patients with metastatic non-adipocytic 
soft tissue sarcoma after previous chemotherapy. In a related trial [18], the health-
related quality of life (HRQoL) measure did not improve with the receipt of pazo-
panib. However, the observed improvement in progression-free survival without 
impairment of HRQoL was considered a meaningful result. The toxicity profile of 
pazopanib was reflected in the patients’ self-reported symptoms but did not translate 
into significantly worse overall global health status during treatment. These trials 
helped support the use of this new medication in sarcoma patients, paving the way 
to FDA approval for its use in patients with advanced soft tissue sarcoma who have 
undergone prior treatment with chemotherapy.

Two clinical trials investigated the use of trabectedin in advanced metastatic sar-
comas [19, 20]. In a phase 2 multicenter randomized study of patients with unre-
sectable/metastatic liposarcoma or leiomyosarcoma after failure of a previous 
conventional chemotherapy regiment of anthracyclines and ifosfamide, patients 
were randomly assigned to two different monthly dosing regiments of trabectedin 
[19]. Two hundred seventy patients were enrolled, 136 receiving 24 h of IV medica-
tion every 3 weeks and 134 receiving 3 h of IV medication once weekly. The pri-
mary efficacy end point was time to progression (TTP), based on confirmed 
independent review of images. Median TTP was 3.7 months vs. 2.3 months (hazard 
ratio [HR], 0.734; 95% CI, 0.554–0.974; P = 0.0302), favoring the q3 weeks 24-h 
arm. This trial documented superior disease control with the q3 weeks 24-h trabect-
edin regimen in liposarcomas and leiomyosarcomas, although the qwk 3-h regimen 
also demonstrated activity relative to historical comparisons. The authors concluded 
that trabectedin may now be considered an important new option to control advanced 
sarcomas in patients after failure of available standard-of-care therapies. In another 
trial, trabectedin significantly reduced the risk of disease progression and death in 
patients with advanced translocation-related sarcoma after standard chemotherapy 
such as doxorubicin, and the authors concluded that it should be considered as a 
new therapeutic treatment option for this patient population [20].

Thus, based on the current evidence, multidisciplinary treatment of soft tissue 
sarcomas is paramount for optimal outcome. Combined preoperative chemotherapy 
and radiation strategies are usually considered for patients with high-risk sarcomas 
(>5 cm, high-grade, deep tumors). Although the relative effectiveness in individual 
sarcoma subtypes has not been properly defined, special consideration may be given 
to sarcomas thought to be more responsive to chemotherapy, such as synovial sar-
coma or myxoid/round cell liposarcoma [21, 22].
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�Conclusion

It is evident that more clinical trials are needed in the field of bone and soft tissue 
sarcomas. Risks to study participants can be limited with good study design, and 
the benefits of clinical trials are multifaceted. Clinical trials provide the best tool 
for clinicians to make recommendations for new medications, treatment plans, 
and further sarcoma care leading to better outcomes for patients. Furthermore, 
clinical trials can also contribute invaluable information about the benefits and 
safety of existing therapies, providing care providers and patients with reliable 
information for choosing between different treatment options.

�Appendix: The Nuremberg Code1

	 1.	 The voluntary consent of the human subject is absolutely essential.
	 2.	 The experiment should be such as to yield fruitful results for the good of soci-

ety, unprocurable by other methods or means of study, and not random and 
unnecessary in nature.

	 3.	 The experiment should be so designed and based on the results of animal experimen-
tation and a knowledge of the natural history of the disease or other problem under 
study, that the anticipated results will justify the performance of the experiment.

	 4.	 The experiment should be so conducted as to avoid all unnecessary physical 
and mental suffering and injury.

	 5.	 No experiment should be conducted, where there is an a priori reason to believe 
that death or disabling injury will occur; except, perhaps, in those experiments 
where the experimental physicians also serve as subjects.

	 6.	 The degree of risk to be taken should never exceed that determined by the 
humanitarian importance of the problem to be solved by the experiment.

	 7.	 Proper preparations should be made and adequate facilities provided to protect the 
experimental subject against even remote possibilities of injury, disability, or death.

	 8.	 The experiment should be conducted only by scientifically qualified persons. 
The highest degree of skill and care should be required through all stages of the 
experiment of those who conduct or engage in the experiment.

	 9.	 During the course of the experiment, the human subject should be at liberty to 
bring the experiment to an end, if he has reached the physical or mental state, 
where continuation of the experiment seemed to him to be impossible.

	10.	 During the course of the experiment, the scientist in charge must be prepared to 
terminate the experiment at any stage, if he has probable cause to believe, in the 
exercise of the good faith, superior skill and careful judgement required of him, 
that a continuation of the experiment is likely to result in injury, disability, or 
death to the experimental subject.

1 Permissible Medical Experiments. Trials of  War Criminals before the  Nuremberg Military 
Tribunals under Control Council Law No. 10: Nuremberg October 1946–April 1949. Washington: 
U.S. Government Printing Office (n.d.), vol. 2, pp. 181–182.

21  Clinical Trials for Sarcomas



436

References

	 1.	National Heart, Lung, and Blood Institute. Clinical trials. http://www.nhlbi.nih.gov/studies. 
Accessed 22 Dec 2015.

	 2.	Weber JS, Levit LA, Adamson PC, Bruinooge S, Burris 4th HA, Carducci MA, Dicker AP, 
Gönen M, Keefe SM, Postow MA, Thompson MA, Waterhouse DM, Weiner SL, Schuchter 
LM. American Society of Clinical Oncology policy statement update: the critical role of phase 
I trials in cancer research and treatment. J Clin Oncol. 2015;33(3):278–84.

	 3.	Woodin CE, Schneider JC. In: Rosenfield C, editor. The CRA’s guide to monitoring clinical 
research (Chapter 4: Roles and Responsibilities in Clinical Trials). Boston: Centerwatch; 
2011. p. 27–29.

	 4.	Bhatt A. Evolution of clinical research: a history before and beyond James Lind. Perspect Clin 
Res. 2010;1(1):6–10.

	 5.	Meinart CL, Tonascia S.  Clinical trials: design, conduct, and analysis. New  York: Oxford 
University Press; 1986. p. 3–8.

	 6.	Ghooi RB. The Nuremberg code—a critique. Perspect Clin Res. 2011;2(2):72–6.
	 7.	National Institutes of Health. NIH clinical research trials and you. https://www.nih.gov/health-

information/nih-clinical-research-trials-you/. Accessed 22 Dec 2015.
	 8.	Sarcoma Alliance. Clinical trials. http://sarcomaalliance.org/what-you-need-to-know/clinical-

trials/. Accessed 22 Dec 2015.
	 9.	Clinical trials. Your guide to understanding the need for clinical research and participation. 

Media Planet. April 2010. https://www.ciscrp.org/wp-content/uploads/2014/01/Clinical-
Trials-article.pdf. Accessed 22 Dec 2015.

	10.	Clinical trials: what you need to know. American Cancer Society. http://www.cancer.org/treat-
ment/treatmentsandsideeffects/clinicaltrials/whatyouneedtoknowaboutclinicaltrials/clinical-
trials-what-you-need-to-know-why-do-we-need-clin-trials. Accessed 22 Dec 2015.

	11.	Sarcoma: Adult Soft Tissue Cancer. American Cancer Society. http://www.cancer.org/treat-
ment/treatmentsandsideeffects/clinicaltrials/whatyouneedtoknowaboutclinicaltrials/clinical-
trials-what-you-need-to-know-why-do-we-need-clin-trials. Accessed 22 Dec 2015.

	12.	Rosenberg SA, Tepper J, Glatstein E, Costa J, Baker A, Brennan M, DeMoss EV, Seipp C, 
Sindelar WF, Sugarbaker P, Wesley R. The treatment of soft-tissue sarcomas of the extremities: 
prospective randomized evaluations of limb-sparing surgery plus radiation therapy compared 
with amputation and the role of adjuvant chemotherapy. Ann Surg. 1982;196:305–15.

	13.	Tierney JF, Sarcoma Meta-analysis Collaboration. Adjuvant chemotherapy for localized 
resectable soft-tissue sarcoma of adults: meta-analysis of individual data. Lancet. 
1997;350:1647–54.

	14.	Eilber FR, Giuliano AE, Huth JF, Weisenburger TH, Eckhardt J. Intravenous (IV) vs. intraarte-
rial (IA) Adriamycin, 2800r radiation and surgical excision for extremity soft tissue sarcomas: 
a randomized prospective trial. Proc Am Soc Clin Oncol. 1990;9:309a.

	15.	O’Sullivan B, Davis AM, Turcotte R, Bell R, Catton C, Chabot P, Wunder J, Kandel R, 
Goddard K, Sadura A, Pater J, Zee B. Preoperative versus postoperative radiotherapy in soft-
tissue sarcoma of the limbs: a randomised trial. Lancet. 2002;359(9325):2235–41.

	16.	Davis AM, O’Sullivan B, Turcotte R, Bell R, Catton C, Chabot P, Wunder J, Hammond A, 
Benk V, Kandel R, Goddard K, Freeman C, Sadura A, Zee B, Day A, Tu D, Pater J, Canadian 
Sarcoma Group, NCI Canada Clinical Trial Group Randomized Trial. Late radiation morbidity 
following randomization to preoperative versus postoperative radiotherapy in extremity soft 
tissue sarcoma. Radiat Oncol. 2005;75(1):48–53.

	17.	van der Graaf WT, Blay JY, Chawla SP, Kim DW, Bui-Nguyen B, Casali PG, Schöffski P, 
Aglietta M, Staddon AP, Beppu Y, Le Cesne A, Gelderblom H, Judson IR, Araki N, Ouali M, 
Marreaud S, Hodge R, Dewji MR, Coens C, Demetri GD, Fletcher CD, Dei Tos AP, 
Hohenberger P, EORTC Soft Tissue and Bone Sarcoma Group, PALETTE study group. 
Pazopanib for metastatic soft-tissue sarcoma (PALETTE): a randomised, double-blind, 
placebo-controlled phase 3 trial. Lancet. 2012;379(9829):1879–86.

N. Pancholi et al.

http://www.nhlbi.nih.gov/studies
https://www.nih.gov/health-information/nih-clinical-research-trials-you/
https://www.nih.gov/health-information/nih-clinical-research-trials-you/
http://sarcomaalliance.org/what-you-need-to-know/clinical-trials/
http://sarcomaalliance.org/what-you-need-to-know/clinical-trials/
https://www.ciscrp.org/wp-content/uploads/2014/01/Clinical-Trials-article.pdf
https://www.ciscrp.org/wp-content/uploads/2014/01/Clinical-Trials-article.pdf
http://www.cancer.org/treatment/treatmentsandsideeffects/clinicaltrials/whatyouneedtoknowaboutclinicaltrials/clinical-trials-what-you-need-to-know-why-do-we-need-clin-trials
http://www.cancer.org/treatment/treatmentsandsideeffects/clinicaltrials/whatyouneedtoknowaboutclinicaltrials/clinical-trials-what-you-need-to-know-why-do-we-need-clin-trials
http://www.cancer.org/treatment/treatmentsandsideeffects/clinicaltrials/whatyouneedtoknowaboutclinicaltrials/clinical-trials-what-you-need-to-know-why-do-we-need-clin-trials
http://www.cancer.org/treatment/treatmentsandsideeffects/clinicaltrials/whatyouneedtoknowaboutclinicaltrials/clinical-trials-what-you-need-to-know-why-do-we-need-clin-trials
http://www.cancer.org/treatment/treatmentsandsideeffects/clinicaltrials/whatyouneedtoknowaboutclinicaltrials/clinical-trials-what-you-need-to-know-why-do-we-need-clin-trials
http://www.cancer.org/treatment/treatmentsandsideeffects/clinicaltrials/whatyouneedtoknowaboutclinicaltrials/clinical-trials-what-you-need-to-know-why-do-we-need-clin-trials


437

	18.	Coens C, van der Graaf WT, Blay JY, Chawla SP, Judson I, Sanfilippo R, Manson SC, Hodge 
RA, Marreaud S, Prins JB, Lugowska I, Litière S, Bottomley A. Health-related quality-of-life 
results from PALETTE: a randomized, double-blind, phase 3 trial of pazopanib versus placebo 
in patients with soft tissue sarcoma whose disease has progressed during or after prior chemo-
therapy—a European Organization for Research and Treatment of Cancer Soft Tissue and 
Bone Sarcoma Group Global Network Study (EORTC 62072). Cancer 2015;121:2933–41.

	19.	Demetri GD, Chawla SP, von Mehren M, Ritch P, Baker LH, Blay JY, Hande KR, Keohan ML, 
Samuels BL, Schuetze S, Lebedinsky C, Elsayed YA, Izquierdo MA, Gómez J, Park YC, Le 
Cesne A. Efficacy and safety of trabectedin in patients with advanced or metastatic liposar-
coma or leiomyosarcoma after failure of prior anthracyclines and ifosfamide: results of a ran-
domized phase II study of two different schedules. J Clin Oncol. 2009;27:4188–96.

	20.	Kawai A, Araki N, Sugiura H, Ueda T, Yonemoto T, Takahashi M, Morioka H, Hiraga H, 
Hiruma T, Kunisada T, Matsumine A, Tanase T, Hasegawa T, Takahashi S. Trabectedin mono-
therapy after standard chemotherapy versus best supportive care in patients with advanced, 
translocation-related sarcoma: a randomised, open-label, phase 2 study. Lancet Oncol. 
2015;16:406–16.

	21.	Eilber FC, Eilber FR, Eckardt J, Rosen G, Riedel E, Maki RG, Brennan MF, Singer S. The 
impact of chemotherapy on the survival of patients with high-grade primary extremity liposar-
coma. Ann Surg. 2004;240:686–97.

	22.	Eilber FC, Brennan MF, Eilber FR, Eckardt JJ, Grobmyer SR, Riedel E, Forscher C, Maki RG, 
Singer S. Chemotherapy is associated with improved survival in adult patients with primary 
extremity synovial sarcoma. Ann Surg. 2007;246:105–13.

21  Clinical Trials for Sarcomas

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lugowska I[Author]&cauthor=true&cauthor_uid=26033286


439© Springer International Publishing Switzerland 2017
R.M. Henshaw (ed.), Sarcoma, DOI 10.1007/978-3-319-43121-5_22

R. Khillan, M.D. (*) • M. Preet, M.D. 
Hematology and Oncology, Brooklyn Cancer Care, Medical PC, Brooklyn, NY 11203, USA 

Department of Orthopaedics Surgery and Rehabilitation Medicine, SUNY Downstate 
Medical Center, 450 Clarkson Ave, Box 30, Brooklyn, NY 11203, USA
e-mail: brooklyncancercare@gmail.com 

T. DiFrancesco, M.D. • U. Uzoegwu, M.D. • O. Ali, M.D. 
Hematology and Oncology, Brooklyn Cancer Care, Medical PC, Brooklyn, NY 11203, USA 

A.V. Maheshwari, M.D. 
Department of Orthopaedics Surgery and Rehabilitation, State University of New York 
(SUNY) Downstate Medical Center, 450 Clarkson Ave, Box 30, Brooklyn, NY 11203, USA
e-mail: Aditya.maheshwari@downstate.edu

22Novel Therapies and Future Directions 
in Treatment of Musculoskeletal 
Sarcomas

Ratesh Khillan, Mohan Preet, Tanya DiFrancesco, 
Uchechi Uzoegwu, Osman Ali, and Aditya V. Maheshwari

22.1	 �Introduction

Musculoskeletal sarcomas (MSS) of the extremities are a heterogeneous group of 
neoplasms arising from cells of mesenchymal origin. Optimal patient care of MSS 
is best provided by a multidisciplinary team (consisting of radiology, medical and 
surgical oncology, radiation medicine, pathology, and psychosocial experts) with 
experience dealing with these types of tumors. The mainstay of treatment is limb 
salvage/function-preserving surgery with neoadjuvant or adjuvant radiation. 
Although response to aggressive chemotherapy has been documented using doxo-
rubicin, ifosfamide, and dacarbazine, proof of efficacy in improving long-term sur-
vival is still controversial [1]. Moreover, the prognosis of these patients has plateaued 
over the last several years with the abovementioned conventional treatment modali-
ties [2]. This has fueled research into the distinct molecular mechanisms of tumori-
genesis and disease progression for various sarcoma subtypes.

The prognosis of patients with extremity MSS is often associated with histologi-
cal diagnoses [3]. In recent times, our molecular and genetic understanding of the 
different histologies of MSS has rapidly advanced [4]. Not only useful for 
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prognostic classifications, this information can provide insight for more specific 
therapeutic targeted options. Currently, gastrointestinal stromal tumors (GIST) are 
the prototype of targeted molecular therapy for sarcoma, with imatinib targeting the 
c-Kit (CD 117) and PDGFRα receptors [5]. Thus, newer modalities and regimens, 
in combination with newer targeted therapies, have become the area of interest for 
these tumors.

22.2	 �Specific Targeted Pathways by Sarcoma Subtype

Soft tissue sarcomas harbor very specific mutations, which vary considerably 
depending on their specific histology. This section will discuss these mutations and 
their targeting by promising novel therapies (Table 22.1). Most of these treatments 
are still in their early phase of development.

22.2.1	 �Liposarcomas

Well-differentiated liposarcomas (WDLPS) and dedifferentiated liposarcomas 
(DDLPS) have amplifications of chromosomal region 12q13-15 [6]. Various 

Table 22.1  Soft tissue sarcoma subtypes with specific mutations and potential targeted therapies 
(adapted with permission from Frith et al. [4])

Soft tissue sarcoma type Mutation/target Targeted therapy

Well-differentiated/dedifferentiated 
liposarcoma

Amplification of MDM2 MDM 2 inhibitors

Solitary fibrous tumor Translocation of 
NAB2-STAT6

TKIs

Wild-type GIST SDH dysfunction/HIF-1 
pathway

HIF-1 pathway inhibitor 
(mTOR inhibitor, Hsp90 
inhibitor, histone 
deacetylase inhibitors)

Angiosarcoma Angiopoeitin-TIE 
pathway

Angiopoeitin inhibitor 
(AMG 386)

Synovial sarcoma BCL-2 overexpression BCL-2 inhibitors (e.g., 
ABT-263, ABT-737)

Malignant peripheral nerve sheath 
tumor

Constitutive expression 
of Ras

Dual mTOR/AKT 
inhibitor (e.g., PI-103 or 
XL765)

Alveolar rhabdomyosarcoma Amplification of CDK4 CDK4 inhibitor (e.g., 
PD0332991)

Ewing’s sarcoma family of tumors IGF1R IGF1R inhibitors 
(ganitumumab, 
cixutumumab)

Most sarcomas Argininosuccinate 
synthase 1 deficiency

ADI-PEG20
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oncogenes are found including, but not limited to, MDM2, CDK4, and HMGA2 [7]. 
MDM2 amplification is seen in majority of WDLPS/DDLPS, making it a key fea-
ture of this cancer [8]. MDM2 encodes a negative regulator of the tumor suppress-
orgene tumor protein 53 (p53). There are several small molecules that have been 
identified to inhibit MDM2-p53 interaction. Nutilin is the most studied of the 
MDM2 inhibitors. It has an imidazoline structure and acts by binding to MDM2, 
resulting in unbound active p53. In vitro studies using cell lines with wild-type and 
mutant p53 have clearly shown that only cells with wild-type p53 are sensitive to 
these compounds [9]. A neoadjuvant trial using RG7112 (Roche, Nutley, NJ) in 
WDLPS and DDLPS demonstrated p53 upregulation and reactivation, with one par-
tial response and 14 patients with stable disease [9]. There are additional MDM2 
antagonists that are available for human use. For example, MI219 (Ascenta 
Therapeutics, Malvern, PA) has a spiro-oxindole structure that binds to MDM2, 
inhibiting p53 binding and allowing for p53 activation in tumor cell lines with wild-
type p53 [10]. MDM2 antagonists are promising drugs for the treatment of sarco-
mas, but resistance to these agents has already been observed. Further clinical trials 
are needed to check efficacy and potential side effects of these agents.

22.2.2	 �Solitary Fibrous Tumors

Solitary fibrous tumors are mostly benign, CD34-positive fibroblastic cells. They 
have translocations NAB2 and STAT6 on chromosome 12q14, but are transcribed in 
the opposite direction. Before the translocations of NAB2 and STAT6 were discov-
ered, a group of patients with metastatic PDGFRβ-positive solitary fibrous tumors 
were treated with sunitinib (a tyrosine kinase inhibitor). Six of these patients showed 
partial response and one patient responded with stable disease [11]. Developments 
in molecular genetic medicine studying tyrosine kinase inhibitors and Janus kinase-2 
(JAK2), targeting FGF and PDGFR, will allow for future treatment of solitary 
fibrous tumors.

22.2.3	 �Malignant Peripheral Nerve Sheath Tumors

New evidence in molecular science shows that nerve sheath tumors have mutations 
in the (mTOR) pathway [12]. Rapamycin, a fungicidal agent, binds to and inhibits 
the (mTOR) complex. Rapamycin derivative was able to prove cytostatic activity in 
sarcoma patients [13, 14]. Blocking mTOR signaling with rapamycin results in an 
increase in phospho-AKT. Preclinical studies have been done to evaluate the effect 
of RAD001 (an oral rapamycin derivate) (Novartis, Basel, Switzerland). RAD001 
was able to induce a 50 % growth reduction in four of five cell lines, although it 
failed to induce apoptosis, making RAD001 a cytostatic therapy for sporadic and 
NF1-derived MPNST cells. Additionally, in vivo models using mice with MPNST 
xenografts treated with RAD001 had a significant decrease in tumor growth in 76 % 
of mice [12, 15].
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22.2.4	 �Angiosarcomas

Angiosarcomas are an aggressive subset of soft tissue sarcomas comprised of malig-
nant endothelial cells of a vascular or lymphatic origin. As a tumor of vascular ori-
gin, there is potential for anti-angiogenic therapy. However, a recently published 
study on bevacizumab (Genentech, San Francisco, CA) demonstrated very low 
activity of bevacizumab in this sarcoma [16]. Data suggest that the angiopoietin-
TIE2 pathway could be a promising target for the pharmacologic blockade of angio-
poietin 2. Blocking this pathway leads to decreased endothelial cell proliferation 
and blocked VEGF-induced neovascularization in rat corneal models consistent 
with an anti-angiogenic mechanism [17].

22.2.5	 �Synovial Sarcomas

Ninety-five percent of synovial sarcomas are characterized by a chromosomal trans-
location t(X;18)(p11.2;q11.2) resulting in a fusion protein comprised of the SS18 
gene (also known as SYT) and the SSX gene (SSX1, SSX2, or rarely SSX4) [18, 
19]. Compared to other sarcomas, synovial sarcomas have a high level of B-cell 
lymphoma 2 protein (Bcl2) [20]. Bcl2 inhibitors have the potential to be used in 
synovial sarcomas either bypassing the MCL-1 pathway or through SS18-SSX 
fusion oncogene inhibiting BCL2A1.

22.2.6	 �Alveolar Rhabdomyosarcomas

Alveolar rhabdomyosarcomas (RMS), primarily tumors of children, are rarer and 
more aggressive than embryonal rhabdomyosarcomas [21, 22]. The chromosomal 
translocation t(2;13)(q35;q14) is a characteristic of this tumor. It causes an onco-
genic fusion of the transcription factor for PAX3 with the potent transcriptional 
activation domain of FOX01, which is thought to halt normal muscle differentiation 
by several mechanisms, including suppression of MyoD [23] and the activation of 
cyclin D1/cyclin-dependent kinase 4 (CDK4) complexes [24]. CDK4 directly phos-
phorylates PAX3-FOX01 at Ser430 which enhances PAX3-FOX01 transcriptional 
activity [25, 26]. Currently, phase I clinical trials are underway studying compounds 
PD0332991, P276-00, and LY2835219 for the treatment of alveolar 
RMS.  PD0332991 (Pfizer, New  York, NY) is an oral pyridopyrimidine-derived 
CDK inhibitor with a high specificity for CDK4 and CDK6. P276-00 (Piramal 
Enterprise Limited, Mumbai, India) is a flavone inhibiting both CDK4-D1 and 
CDK1-B. LY2835219 (Lilly, Indianapolis, IN) is an oral small molecule inhibitor of 
a potent oral inhibitor of the cyclin-dependent kinases 4 and 6 (CDK4/6) with broad 
in vivo antitumor activity [27].
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22.2.7	 �Alveolar Soft Part Sarcomas

Surgical treatment is the gold standard of alveolar soft part sarcoma (ASPS) treat-
ment. However, recent data shows that sunitinib is clinically active in the metastatic 
setting [28]. ASPS has a translocation between the ASPS locus and TFE3, 
t(Xp11:17q25). The fusion protein, driving cMET expression [29], arises by using 
the ASPS promoter to drive the transcription factor TFE3 [31]. With sunitinib 
(Phizer, New York, NY) inhibiting RET-driven cMET, the development of direct 
cMET inhibitors offers promise for this rare disease [30].

22.2.8	 �Ewing’s Family of Tumors

The most common translocations in Ewing’s family of tumors (EFT) involve the 
EWS and FLI1 genes [t(11;22)(q24;q12)] [31]. The EWS-FLI1 translocation 
upregulates IGF-1 levels and increases dependence on IGF1R-mediated signaling. 
Prognosis for patients with relapsed disease still remains poor. Recently, two major 
phase II trials reported modest effıcacy for patients with relapsed EFT.  In 38 
patients, Tap et  al. [31] used a fully humanized monoclonal antibody, ganitu-
mumab; 22 had EFT and 16 had desmoplastic small round cell tumors. Two patients 
had an objective response, one remaining on treatment for almost 1 year. An addi-
tional four patients with stable disease for more than 24 weeks resulted in a clinical 
benefıt rate of 17%. Pharmacodynamic measures of IGF1R treatment, including 
serum IGF1 levels, were consistent with IGF1R inhibition. Major side effects 
included cytopenia and hyperglycemia in a minority of patients and one patient 
with a grade 3 transient ischemic attack. The second study, a multicenter, open-
label phase II trial, combined IGF1R inhibitor cixutumumab and mTOR inhibitor 
temsirolimus in bone and soft tissue sarcomas [32]. Patients were stratifıed by 
IGF1R expression, and the primary endpoint was a 12-week PFS rate greater than 
40%. In the IGF1R-positive bone sarcoma cohort, 6 patients (11%) had an objec-
tive response and 19 patients (35%) were progression-free at 12 weeks (90% 
confıdence interval 24–47%), meeting the primary endpoint. While tissue samples 
obtained from the patients during treatment showed adequate target inhibition 
downstream of IGF1R and mTOR, these decreases were unable to correspond to 
clinical outcomes [12].

Single enantiomer of YK-4-279 demonstrates specificity in targeting the onco-
gene EWS-FLI1. Enantiospecific effects are also established in cytotoxicity assays 
and caspase assays, where up to a log-fold difference is seen between (S)-YK-4-279 
and the racemic YK-4-279 [33].

Another study revealed that substitution of electron-donating groups at the para-
position on the phenyl ring was the most favorable for inhibition of EWS-FLI1 by 
analogs of 2. Compound 9u (with a dimethylamino substitution) was the most active 
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inhibitor with GI50 = 0.26 ± 0.1 μM. Further, a correlation of growth inhibition 
(EWS-FLI1expressing TC32 cells) and the luciferase reporter activity was estab-
lished (R(2) = 0.84) [34].

Recently, another in  vivo study highlights the efficacy of YK-4-279 to treat 
EWS-FLI1expressing neoplasms and support its therapeutic potential for patients 
with Ewing’s sarcoma and other ETS-driven malignancies [35].

22.2.9	 �Chondrosarcoma

Mutations in isocitrate dehydrogenases 1 and 2 (IDH1 and IDH2) have been 
found to be a common occurrence in several central and periosteal cartilage 
tumors [36]. More specifically, IDH1 R132 and IDH2 R172 mutations, identi-
fied by Amary et  al., comprise approximately 56% of these mutations. 
Observations that patients with hereditary Maffucci and Ollier syndromes 
express these mutations in enchondromas suggest that the mutations occur early 
in tumorgenesis [36]. Studies suggest that chondrosarcomas with mutant IDH 
grow due to hypermethylation of key regulatory genes as well as an accumula-
tion of (D-2-hydroxyglutarate) D2HG, a rare oncometabolite [36]. This under-
standing has broadened the scope for evaluation of new treatments including 
therapeutic trials of demethylating agents such as 5-azacitadine. Currently, oral 
inhibitors of IDH1 (AG-120) and ID2 (AG-221) are in preclinical development 
and phase 1 trials, respectively. IDH-specific inhibitors for chondrosarcomas 
are being tested as well [36].

22.3	 �Immunotherapy

New understanding of the immune system has led to the development of novel 
therapies against cancer. Immunotherapy involves targeting cancer cells with 
the patient’s own immune cells (Fig.  22.1). Immunotherapy includes agents 
such as interleukins and interferons, use of vaccines to promote immune 
responses, and adoptive cell transfer therapy. Tables 22.2 and 22.3 show some 
of the clinical trials involving innate and adaptive immunity against musculo-
skeletal sarcomas.

22.3.1	 �Cytokine Therapies

The immune system is regulated by proteins called cytokines. Clinically signifi-
cant cytokines in the treatment of sarcomas are interleukin-2 (IL-2) and interfer-
ons (IFNs) [37]. IL-2 works by activation and expansion of CD4 and CD8 T cells 
[38]. Rosenberg et al. produced a tumor regression model involving recombinant 
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IL-2 injection for murine melanoma and sarcomas [39]. Due to IL-2 success in 
metastatic melanoma, it was used in bone and soft tissue sarcomas [40, 41]. 
Schwinger et al. reported response with high-dose IL-2 therapy in two patients 
with Ewing’s sarcoma and four patients with metastatic osteosarcoma. These 
patients were heavily pretreated with chemotherapy and radiation and had mul-
tiple surgeries. There were two complete responses in two patients of osteosar-
coma. High-dose IL-2 treatment is associated with fatigue, anorexia, diarrhea, 
nausea, vomiting, and high-grade fever; some deaths were also reported with 
IL-2 therapy [42].

IFN-therapy has shown improved patient survival when used as adjuvant therapy 
[43, 44]. The COSS-80 study investigated the effectiveness of using adjuvant che-
motherapy with IFN [45]. The 30-month disease-free survival rate of the IFN arm 
was 77% and that of non-IFN arm 73%, although this difference was not statisti-
cally significant. The EURAMOS-1 study, a recent study in Europe, investigated the 
efficacy of the use of adjuvant chemotherapy with pegylated IFN-2b [46]. These 
studies infer that conventional chemotherapy with IFN improves the prognosis of 
bone and soft tissue sarcomas.
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Fig. 22.1  An overview of tumor immunology. Tumor cells are initially attacked by the innate 
immune system. DCs capture tumor antigens at the tumor site and migrate to the tumor-draining 
lymph nodes. DCs present the tumor antigen to T cells within the lymph node. Antigen-specific 
CD4 and CD8 T cells are stimulated by DCs. After stimulation, T cells differentiate into effector 
cells and activate at the tumor site. Effector CD8 T cells kill tumor cells, although their function is 
regulated by the immune checkpoint mechanism. NK natural killer cell, MP macrophage, DC 
dendritic cell (reproduced with permission from Uehara et al. [2])
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Table 22.2  Clinical trials stimulating innate immunity against musculoskeletal sarcomas (repro-
duced with permission from Uehara et al. [2])

Agent

Number 
of 
patients Diagnosis Treatment Follow-up Clinical result

IL-2 [12] 6 Osteosarcoma, 
Ewing’s sarcoma

6–12 × 106 IU/m2 
for 5 days by every 
3 weeks

7–71 
months

Complete 
response (CR): 5

Progressive 
disease (PD): 5

IFNs [16] 3 Osteosarcoma 2.5–5 × 106 IU/mL 
twice or thrice 
weekly

6–8 
months

CR: 2

PD: 1

IFN-α2 
[17]

20 Osteosarcoma, 
fibrosarcoma, 
chondrosarcoma, 
and malignant 
fibrous 
histiocytoma

5 × 107 IU/m2 thrice 
weekly

1–3 
months

Partial response 
(PR): 3

INF-α    
[18]

89 Osteosarcoma Cohort 1 (70 
patients); 3 × 106 IU 
daily for a month

10 years Metastatic-free 
survival: 39%

Cohort 2 (19 
patients); 3 × 106 IU 
for 3–5 years

Sarcoma-specific 
survival: 43%

INF-β    
[19]

158 Osteosarcoma 
(COSS-80)

1 × 105 IU/kg for 22 
weeks

30 months Disease-free 
survival

 � +IFN: 77%

 � −IFN: 74%

Pegylated 
INF-α2b 
[20]

715 Osteosarcoma 
(EURAMOS-1)

Methotrexate, 
adriamycin, and 
cisplatin 
(MAP) ± IFN 
(0.5–1.0 μg/kg/
week) for 2 years

Median 
follow-up 
3.1 years

Event-free 
survival

 � +IFN: 77:%

 � −IFN: 74% 
(N.S.)

L-MTP 
-PE [21]

662 Osteosarcoma 
(INT 0133)

MAP + L-MTP-PE, 
MAP + ifosfamide, 
MAP + ifosfamide  
+ L-MTP-PE

6 years Overall survival

 � +L-MTP-PE: 
78%

 � −L-MTP-PE: 
70%

Event-free 
survival

No significant 
difference
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22.3.2	 �Mifamurtide

A new agent, mifamurtide (Takeda, Cambridge, MA), liposomal muramyl tripep-
tide phosphatidylethanolamine (L-MTP-PE), is a synthetic analog of a muramyl 
dipeptide (MDP) [47]. NOD2, the intracellular pattern recognition molecule, rec-
ognizes MDP and enriches NF-𝜅B signaling [48]. Thus, when NOD2 detects 
L-MTP-PE, it stimulates production of IL-1𝛽, IL-6, and TNF-𝛼 by activating 
NF-𝜅B signaling in monocytes and macrophages [49, 50]. In 1993, 662 patients 
with osteosarcoma took part in an intergroup study 0133 (INT 0133) determining 
the efficacy of supplementing basic adjuvant chemotherapy (cisplatin, doxorubi-
cin, and high-dose methotrexate (MAP)) with ifosfamide (IFO) and 
L-MTP-PE.  Study participants were randomly assigned treatment with MAP 
alone, MAP + IFO, MAP + L-MTPPE, and MAP + IFO + L-MTP-PE. The addi-
tion of L-MTP-PE to chemotherapy was found to improve the 6-year overall sur-
vival rate from 70 to 78% (𝑃 = 0.03). The hazard ratio for overall survival with the 
addition of MTP was 0.71 (95% CI: 0.52–0.96) [51]. Consequently, L-MTP-PE 
combined with chemotherapy received approval for the treatment of osteosar-
coma in Europe, although it has not been approved by the FDA for use in the 
United States [50].

22.3.3	 �Vaccine Therapy Against Soft Tissue Sarcomas

Stimulating the immune system with cancer vaccines to target and eliminate sarco-
mas has been studied in various clinical trials. In combination with GM-CSF, IL-2, 
or other co-stimulatory adjuvants to enhance the immune response, vaccines can 
target whole cells, proteins, lysates, and peptides [52, 53]. Antigen-presenting cells 
present the vaccines as antigen epitopes on MHC molecules and tumor antigen-
specific T cells are then activated.

Autologous sarcoma cell lysates which are a cell lysate derived from sarcoma 
cells with potential immunostimulatory and antineoplastic activities can be used as 
a vaccine in patients with sarcomas. In a clinical trial, patients who became positive 
for delayed-type hypersensitivity (DTH) had median survival of 8 months longer 
than patients who were DTH negative. Also, the size of the tumor decreased [54].

Autologous dendritic cells (DC), pulsed ex vivo with tumor cell lysate, can 
also stimulate host immunity [55]. This has been used as adjuvant therapy for 
chemotherapy; one patient had complete remission and five patients with stable 
disease [56].

Tumor-specific or overexpressed peptides are possible for therapeutic targets for 
antigen-specific immunotherapy [56–58]. In a study, patients are given nine-mer 
peptide with or without incomplete Freund’s adjuvant (IFA), which is a solution of 
antigen emulsified in mineral oil and used as an immunopotentiator (booster) and 
IFN. In patients who received the vaccination, the disease was stabilized as com-
pared to patients who did not receive the vaccine [57].
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22.3.4	 �Adoptive Cell Transfer

Adoptive cell transfer therapy involves the transfer of antigen-specific T cells 
obtained from the patient [59]. Harvested T cells are expanded ex vivo and trans-
ferred back to the patient. Tumor-reactive CD8 T cells secrete very high levels of 
cytokines, IFN, TNF, and IL-2 [60]. A small study examined six patients with syno-
vial sarcoma or metastatic melanomas expressing NY-ESO-1. To initiate tumor 
lysis, T cell receptor (TCR) gene-modified T cells redirected toward NY-ESO-1 
were produced [60]. In the study, two patients with melanoma showed complete 
regression, and one patient with synovial sarcoma has stable disease for 18 months. 
Some types of adoptive cell transfer therapies are ongoing for patients with sarco-
mas, including autologous DC transport therapy for soft tissue sarcomas 
(NCT01347034) and hematopoietic cell transplantation and natural killer cell trans-
port therapies for Ewing’s sarcomas and rhabdomyosarcomas (NCT02100891) [2].

22.3.5	 �Immune Checkpoint Blockade

Immune checkpoint blockade has the potential to further anticancer immunology 
through interference and downregulation of normal inhibitory pathways that modu-
late self-tolerance and the duration and amplitude of immune responses. Promoting 
antitumor immunity, ipilimumab, a fully human monoclonal antibody (IgG1), 
blocks CTLA-4 [61]. In patients with metastatic melanomas receiving ipilimumab, 
overall survival improved from 6.4 months to 10.0 months [62]. In a phase II study, 
six patients with advanced synovial sarcoma treated with ipilimumab showed a sur-
vival time ranging from 0.77 to 19.7 months (median: 8.75 months). In each patient, 
posttreatment immunological responses were different, and three patients had an 
enhanced titer of CT24 (an uncharacterized CTA). Even though all sarcomas 
expressed NY-ESO-1, no remarkable change was shown in the NY-ESO-1 titer [60]. 
Nivolumab, a human monoclonal anti-PD-1 antibody, has shown effectiveness in 
several types of cancers including melanoma, prostate cancer, NSCLC, renal cell 
carcinoma, and colorectal cancer [63, 64]. Reported clinical outcomes of nivolumab 
therapies include a cumulative response rate of 18% in patients with NSCLC, 28% 
in patients with melanoma, and 27% in patients with renal cell carcinoma [65]. 
Eighty-six patients with advanced melanoma participated in a phase I trial combin-
ing both agents nivolumab and ipilimumab. Fifty-three percent of patients experi-
enced grade 3 or 4 adverse effects related to the therapy, as compared with previous 
rates of 20% among patients treated with ipilimumab monotherapy at a dose of 
3 mg/kg. Nine out of 17 patients who received the maximum doses associated with 
an acceptable level of adverse events (cohort 2, with nivolumab at a dose of 1 mg/
kg and ipilimumab at a dose of 3 mg/kg) had an objective response [66]. While ipili-
mumab and nivolumab have been found effective in certain types of tumors, further 
research is needed to determine the effectiveness of these immune checkpoint 
blockade agents for bone and soft tissue sarcomas.
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22.4	 �Miscellaneous Novel Agents

In this section, we will discuss other novel therapies used in the treatment of mus-
culoskeletal sarcomas in clinical practice. Some are not approved in the United 
States (USA) but are being used in Europe and other countries. After getting data 
from those countries, these agents will potentially be approved in the USA. We will 
discuss specific types of sarcomas treated by these novel agents, their mechanism of 
action, and side effect profile.

22.4.1	 �Pegylated Arginine Deiminase (ADI-PEG20)

Argininosuccinate synthetase 1 (ASS1) is an integral enzyme in the urea cycle. It is 
responsible for the combination of the amino acids citrulline and aspartate to form 
argininosuccinic acid which is later used to form urea [67]. Recent studies have 
shown that more than 88% of sarcomas, signifying 45 subtypes, have a loss of ASS1 
expression [68]. This finding is highly suggestive that these soft tissue tumors may 
be responsive to the elimination of arginine. Selective arginine depletion with 
enzymes such as pegylated arginine deiminase (ADI-PEG20) (Polaris Group, San 
Diego, CA) may prove beneficial and should be exploited as a promising and effec-
tive anticancer therapy.

22.4.2	 �Pazopanib (Votrient)

Pazopanib is a multi-tyrosine kinase inhibitor of vascular endothelial growth factor 
receptor (VEGFR 1, 2, and 3), platelet-derived growth factor receptor (PDGFR-A 
and PDGFR-B), and v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene 
homolog (c-kit). This agent has demonstrated activity in phase II studies in non-
adipocytic sarcomas [69]. Pazopanib is currently indicated for use in advanced soft 
tissue sarcomas in patients who have received prior chemotherapy.

22.4.3	 �Regorafenib (Stivarga, BAY 73-4506)

Regorafenib is an oral multi-tyrosine kinase inhibitor of VEGFRs 2 and 3, RET, Kit, 
PDGFR, and Raf kinases. It is being used for the treatment of GIST in patients who 
fail to respond to imatinib and sunitinib [70].

22.4.4	 �Trabectedin (ET-743, Yondelis)

Trabectedin is a novel marine antineoplastic alkaloid with unique mechanism of 
action. It binds to the minor groove of DNA at the N2 position of guanine, 
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particularly at CGG sequences, and interferes with transcription-coupled nucleotide 
excision repair, thereby inducing a lethal DNA strand break. This drug has activity 
against myxoid MSS [71]. This drug is approved in Europe for the treatment of 
advanced soft tissue sarcomas in patients who have failed anthracyclines and ifos-
famide and was approved by the FDA in 2015 for patients with advanced or unre-
sectable liposarcoma and leiomyosarcoma.

22.4.5	 �Ridaforolimus (AP23573; MK-8669)

Ridaforolimus is a mTOR inhibitor. This medication failed to get FDA approval 
after studies in soft tissue and bone sarcomas demonstrated a 3-week survival 
advantage [72].

22.4.6	 �Palifosfamide (Z10-201)

Palifosfamide is a tris formulation of functional active metabolite of ifosfamide 
isophosphoramide mustard. It has been studied in combination with doxorubicin, 
but has shown no survival advantage [73].

22.5	 �Electroporation

New research is exploring the use of electroporation therapy (EPT), which uses 
electrical currents to increase cell wall permeability to cytotoxic drugs [74]. 
One chemotherapy agent used with EPT is bleomycin, a cytotoxic agent that 
inhibits DNA synthesis by breaking the double strands of DNA.  Bleomycin 
does not cross cell membranes, but in concert with EPT creating transient pores 
in cell membranes, bleomycin is able to act. Clinical studies show that EPT 
combined with bleomycin shows response in cutaneous malignancies such as 
squamous cell carcinomas, basal cell carcinomas, and melanomas [75, 76]. 
Some of the side effects of EPT are feelings of unpleasantness due to muscle or 
nerve-related spasms.

22.6	 �Conclusion and Future Directions

Recent breakthroughs in growth signaling pathways, metabolic reprogramming, 
and immune therapy have opened the potential for targeted treatment for many sar-
comas (Fig. 22.2). It is through an improved fundamental understanding of sarcoma 
biology that clinical trials based on molecular targets are being developed. These 
trials form the foundation for further improvements in our ability to care for patients 
with these tumors and may offer clinical insights into a wide range of other tumors. 
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Although most of these agents are in very early phases of clinical trials and are not 
the standard of care, targeted therapy is a significant step in a new and hopefully 
right direction. With time, these treatments will improve and translate into signifi-
cant clinical responses. As our knowledge of these targets advances, we will have 
more effective, personalized therapy and less toxic treatment options for these 
highly aggressive chemoresistant tumors.
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23.1	 �Introduction

Optimal treatment for sarcoma requires knowledge of a large, continually changing 
body of literature that contains significant contributions from multiple specialties. 
The rarity of sarcoma and its subtypes makes it challenging to determine optimal 
treatment strategies. Multidisciplinary input, including specialist pathology and 
radiology expertise, is essential to providing best clinical practice outcomes. 
However, there are significant gaps in the evidence base used to underpin clinical 
decision making for patients with sarcoma and significant geographic and institu-
tional treatment disparities.

Each of these challenges is amplified in the Australian setting. Australia has 
a publicly funded universal health-care system (Medicare). Medicare funds 
affordable primary health-care treatment for all Australian citizens and perma-
nent residents and provides free treatment in all public hospitals. The pro-
gramme is nominally funded by an income tax surcharge known as the Medicare 
levy, currently set at 1.5%. Exemptions apply to low-income earners, with dif-
ferent thresholds applying to singles, families, seniors and pensioners. 
Individuals may choose to purchase privately funded health care through insur-
ance or self-payment systems or utilize a mixture of privately and publicly 
funded services.

To date, there is no published data reporting the incidence of sarcoma in 
Australia. However, data from the National Cancer Registry at the Australian 
Institute of Health and Welfare suggests a crude incidence rate of 4.6/100,000, 
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which is comparable to published data from Europe (RARECARE studies) and the 
USA (SEER database). This suggests that there are approximately 850 new cases 
of sarcoma per year in Australia [1], although these numbers omit sarcomas mis-
classified into topologic cancer groups (e.g. breast angiosarcoma and uterine leio-
myosarcomas). In general, accurate and consistent pathological diagnosis is an 
issue for population-level mapping of the true incidence of connective tissue 
tumours.

There is marked geographic disparity in sarcoma management across Australia. 
For example, the probability of radiotherapy as a primary (pre-surgical) modality 
in Australia is largely determined by centre-based preferences and access to sar-
coma specialist centres. Similarly, availability and involvement of paediatric 
oncology expertise in treating patients in the Adult and Young Adolescent (AYA) 
age range (15–30 years) varies by referral centre, co-location of paediatric and 
adult treatment centres and/or local networks. In addition, the mixture of private 
and public health funding models in Australia and national approval processes and 
funding for drugs have implications for Australian practice guidelines. For exam-
ple, trabectedin is approved and reimbursed for the treatment of sarcomas in 
Europe, but not Australia.

This chapter will discuss some of the challenges, obstacles and barriers to good 
multidisciplinary care for sarcoma patients in Australasia and provide an insight 
into new and innovative ways they are being addressed.

23.2	 �Multidisciplinary Care in Australia: The Framework

A multidisciplinary care approach to patients with cancer is well established in 
Australia and accepted as ‘best practice’ [2]. Based largely on the model of multi-
disciplinary care for women with breast or ovarian cancer [3], a number of common 
national principles have been adopted and underpin multidisciplinary care for all 
cancers:

•	 A team approach, involving core disciplines integral to the provision of good 
care, with input from other specialties as required

•	 Communication among team members regarding treatment planning
•	 Access to the full range of diagnostic services and approved therapies for all 

patients, regardless of geographical remoteness or size of institution
•	 Provision of care in accord with nationally agreed standards
•	 Involvement of patients in decisions about their care

At the national and strategic level, multidisciplinary cancer care has been pro-
moted in national and state cancer plans and frameworks [4–7].

National, state and regional networks have been established and promote 
exchange of knowledge and expertise between centres to support the implementa-
tion of multidisciplinary cancer care. A comprehensive strategy to support multi-
disciplinary care for cancer treatment planning in regional and country areas, 
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including resources to support increased use of telemedicine, has also been devel-
oped in most regions. This enables centres with smaller caseloads, or those that are 
geographically isolated, to link into larger or specialized centres and expertise, 
often on a ‘case-by-case’ basis. In addition, teleconferencing and videoconferenc-
ing facilities are frequently used to ensure that all core disciplines are represented 
at meetings.

Government initiatives have also supported the implementation of multidisci-
plinary cancer care in Australia through incentive funding. In 2006, new Medicare 
Benefits Schedule (MBS) item numbers to support attendance by specialists at mul-
tidisciplinary treatment planning meetings were introduced. This provides a mecha-
nism for individual ‘per patient’ reimbursement for clinicians leading a case 
discussion and for pathology and radiology review.

Further national education and promotion strategies undertaken over the last 
decade have helped target health services, at national and state levels to emphasize 
the Principles of Multidisciplinary Care [3], and specifically highlight the impor-
tance of:

•	 Core membership of a cancer type-specific multidisciplinary team (MDT)
•	 Resource and workforce planning
•	 Links to the full therapeutic range of services
•	 Processes for MDT data collection and review
•	 Communication with GPs and continuity of care
•	 Patient consent
•	 Patient involvement in treatment planning

In most centres, specific health service-level protocols exist defining the princi-
ples and procedures for provision of multidisciplinary cancer care [8].

23.3	 �Sarcoma Centres in Australia: A History 
of the Sarcoma MDT

In January 2008, the Australasian Sarcoma Study Group (ASSG) was formed [9]. 
Its primary focus was to improve the outcomes for sarcomas and related tumours in 
the Australian community through research and development. Given the aggressive 
nature and rarity of sarcoma, and the vast geographic distances in Australia, it was 
recognized that a collaborative approach was needed to fight the disease. One of the 
key strategies adopted was to use multidisciplinary teams in the clinical environ-
ment to create a network of clinicians, allied health workers, nurses and researchers 
within Australia and, internationally, all of whom share the common goal of finding 
solutions to treat sarcoma.

From 2009, with funding from Cancer Australia, the University of Melbourne 
became the administering institution for the group through Cancer Australia’s 
‘Support for Cancer Clinical Research Program’ [10]. Under this programme, the 
Australian Government provides funding to build Australia’s capacity to conduct 
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cancer clinical research. The ASSG is 1 of 13 Multisite Collaborative National 
Cancer Clinical Trials Groups supported under the programme. Groups were estab-
lished to help reduce the impact of cancer in the community through facilitating 
coordination of and collaboration between all stakeholders, including people 
affected through cancer, health professionals, researchers, cancer societies and gov-
ernment agencies. The group has grown significantly in a short period in both mem-
bership and achievement, with work focusing on three areas: research, engagement 
and organizational capacity.

To establish an infrastructure framework for collaboration between multidisci-
plinary teams, an audit of existing sarcoma treatment centres within Australia was 
undertaken in 2009. An online survey of 15 centres was designed, primarily to com-
pile a register of sarcoma treatment centres of excellence and to determine the ser-
vices offered at those sites. A secondary purpose was to gain knowledge about 
infrastructure and the capability of sites to conduct sarcoma research [11].

At all 15 sites, either a medical (80%) or paediatric oncologist (47%) was 
part of the sarcoma team. Similarly, all sites reported employing the range of 
allied health personnel—social workers, psychologists, physiotherapists, occu-
pational therapists and nutritionists. Twelve sites (80%) offered the services of 
a clinical nurse consultant or coordinator. All sites provided access to palliative 
care, pathology and haematology services. Other services available included 
podiatry and education, with the latter being for the paediatric and adolescent 
populations.

Regarding diagnostic services, all sites offered MRI scanning, with 73% offering 
FDG-PET and 93% intervention radiology; only the Peter MacCallum Cancer 
Centre reported offering alternative scanning devices such as fluorinated azomycin 
arabinoside (FAZA), fluorinated l-thymine (FLT) and fluorinated misonidazol 
(F-MISO).

Prince of Wales Hospital in New South Wales and Sir Charles Gardiner Hospital 
in Western Australia treat both adult and paediatric patients. All sites treated outpa-
tients and inpatients, with the exception of the Adelaide Cancer Centre. It is note-
worthy that the Adelaide Cancer Centre is a specialist outpatient centre, whereas all 
other sites are multi-facility hospitals.

It should also be noted that each of the participating centres is located in state 
capital cities (Fig. 23.1). This reflects the geographic distribution of the Australian 
population and availability of specialist health resources [12]. The majority (64.0%) 
of the Australian population reside in one of the eight capital cities. In fact, the five 
largest cities in the country (Sydney, Melbourne, Brisbane, Perth and Adelaide) 
account for 60.9% of the country’s population [13]. Although major regional health 
facilities exist outside of capital cities, they are rarely able to provide the full suite 
of tertiary-level care. For example, access to external beam radiotherapy, PET scan-
ners and often MRI scans is usually limited to capital cities (Fig. 23.2). This has 
significant implications for the 36% of Australians that live in rural or remote 
regions of the country.
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Fig. 23.1  Multidisci-
plinary sarcoma teams in 
Australia (by state)

n (%)
Discipline
Clinical nurse consultant 12 (80)
Haematology 15 (100)
Medical oncology 12 (80)
Nutrition and dietetics 15 (100)
Occupational therapy 15 (100)
Paediatric oncology 7 (47)
Palliative care 15 (100)
Pathology 15 (100)
Physiotherapy 15 (100)
Psychology 15 (100)
Radiation oncology 14   (93)
Social work 15 (100)
Surgical oncology 14   (93)
Other services 7   (47)
Diagnostic Services
FDG-PET 11   (73)
Interventional radiology 14   (93)
MRI 15 (100)
Other PET tracers 1     (7)
Age Range
Adolescent Young Adult 13   (87)
Adult 10   (67)
Paediatric 8   (53)
Ambulatory Care
Home based 13   (87)
In-patients 14   (93)
Out patients 15 (100)

n

Disciplines

Clinical nurse consultant 12 80

Haematology 15 100

Medical oncology 12 80

Nutrition and dietetics 15 100

Occupational therapy 15 100

Paediatric oncology 7 47

Palliative care 15 100

Pathology 15 100

Physiotherapy 15 100

Psychology 15 100

Radiation oncology 14 93

Social work 15 100

Surgical oncology 14 93

Other services 7 47

FDG-PET

Diagnostic Services

Age Range

Ambulatory Care

11 73

Adolescent Young Adult (AYA) 13 87

Adult 10 67

Home based 13 87
In-patients 14 93
Out-patients 15 100

Paediatric 8 53

Interventional radiology 14 93
MRI 15 100
Other PET tracers 1 7

%

Fig. 23.2  Summary of the distributions for disciplines, diagnostics services, age range and ambu-
latory care
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All 15 sites held multidisciplinary team meetings and of these, 8 (53%) were 
held on a weekly basis. Of the remaining sites, three (20%) held meetings monthly 
and four (26%) met as required.

All sites reported involvement in hospital run clinical trials. Moreover, all sites 
expressed willingness to participate in multicentre trials and provided at least one 
specialist contact to receive inquiries about clinical research. Eight percent (n = 12) 
of sites reported recording sarcoma-specific clinical data, whilst 73% (n = 11) col-
lected sarcoma biospecimens.

One of the key outcomes of the ASSG has been the ability to register sarcoma 
treatment centres of excellence and to create a networked clinical sarcoma 
community.

The ASSG strongly supports and advocates for multidisciplinary sarcoma 
care. A critical component of these recommendations is that all patients with 
sarcoma should be treated at centres with appropriate expertise and relevant mul-
tidisciplinary teams. Key recommendations are based on the National Institute 
for Health and Clinical Excellence Guidance on Cancer Services [14], but, as 
these recommendations are based on the different populations and health-care 
systems in the USA and UK, the ASSG have modified them for the Australian 
setting [15]:

	1.	 All patients with a confirmed diagnosis of bone or soft tissue sarcoma (except 
children with certain soft tissue sarcomas) should have their care supervised by 
or in conjunction with a sarcoma multidisciplinary team.

	2.	 A soft tissue and bone sarcoma MDT should meet minimum criteria for caseload. 
In the UK this is specified as at least 100 new patients with soft tissue sarcoma per 
year or at least 25 new patients with bone sarcoma per year. Given the difference 
in population and the size of the landscape, these figures must be modified for the 
Australian setting.

	3.	 The sarcoma MDT should include:
	(a)	 A specialist sarcoma pathologist and/or radiologist who is able to review 

each patient’s pathology and radiology.
	(b)	 A surgeon who is a member of a sarcoma MDT or a surgeon with tumour 

site-specific or age-appropriate skills, in consultation with the sarcoma 
MDT.

	(c)	 Medical and radiation oncology expertise. Chemotherapy and radiotherapy 
should be carried out by appropriate specialists as recommended by a sar-
coma MDT.

	(d)	 Dedicated ancillary supportive care, which includes nursing, physiotherapy 
and occupational therapy, age-appropriate psychosocial support and pallia-
tive care.

	(e)	 Access to relevant clinical trials.
	4.	 All sarcoma MDTs should participate in national audit, data collection and 

training.
	5.	 Patients with functional disabilities as a consequence of their sarcoma should 

have timely access to appropriate support and rehabilitation services.
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The recommendations for centralisation of care for paediatric sarcomas (osteo-
sarcoma, Ewing sarcoma/primitive neuroectodermal tumour, rhabdomyosarcoma) 
are particularly important, owing to the rarity of these cancers, the lack of a large 
evidence base for treatment, the complexity and intensity of the treatment regimens 
and the high mortality from these cancer types [16]. As a consequence, the ASSG 
strongly recommends that all patients with paediatric sarcomas under the age of 16 
years be treated at a paediatric cancer centre and that older patients be treated at a 
specialist sarcoma centre. For other sarcoma types, the recommendation is that a 
specialist sarcoma multidisciplinary team assesses patients even if subsequent treat-
ment is carried out elsewhere.

23.4	 �What Does It Mean in Practice? A Case Example

In 2008, a state-based sarcoma multidisciplinary meeting was established at the 
Royal Adelaide Hospital. The MDT draws cases from the South Australian popula-
tion (1.65 million) and the adjacent Northern Territory (population 223,000), 
encompassing a geographic area of over 2.3 million square km. In addition, although 
Northern Territory is sparsely populated, approximately 32% of the population are 
indigenous, many of whom live in isolated and remote communities. Sarcoma inci-
dence in indigenous populations is not known. Prior to 2013, external beam radio-
therapy was not available in the Northern Territory. PET scanning remains available 
only in Adelaide, a distance of over 3000 km.

The SA/NT Adult and AYA Sarcoma Multidisciplinary Team Meeting was set up 
under nationally accepted guidelines [17]. Meetings were held fortnightly (initially 
monthly) with videoconferencing facilities to enable other state and interstate hos-
pitals and clinicians to dial in. The key members attending the meeting were surgi-
cal oncologists (sarcoma surgeon, plastic surgeon), radiation and medical oncologists 
(Adult and AYA), radiologist, pathologist, sarcoma data manager, sarcoma research 
staff and social worker. Attendance records were documented at each meeting. 
Presence of the referring clinician/representative was mandatory.

An audit of the Adult and AYA sarcoma MDT in SA was conducted in 2012 
using an established Multidisciplinary Meeting Tool 4, developed by the Victorian 
Department of Human Services (DHS) to measure the team’s performance against 
the guidelines and protocols [18].

The number of cases referred to the SA/NT Adult and AYA Sarcoma 
Multidisciplinary Team Meeting and the breakdown of these cases is illustrated in 
Fig. 23.3. The purpose of the meeting was to discuss all newly diagnosed cases of 
sarcoma in SA/NT and those requiring review. Patients were discussed at varying 
stages of their management, with 60% representing new cases and 40% review. There 
was no additional educational component to the meetings. Clinical summaries of the 
recommendations were provided to all treating clinicians and the primary care physi-
cian of the patient, in addition to inclusion in the case file. Since inception of the MDT 
process, engagement with the clinical sarcoma community has continued to broaden, 
with increased participation of clinical and allied health-care workers (Fig. 23.4).
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The benefits of increased MDT participation are well recognized [19]. There is 
sound evidence to support the following conclusions:

•	 Specialist review of diagnostic imaging in patients with suspected sarcoma 
reduces clinical error rates and delay in diagnosis.

•	 The histopathological diagnosis of sarcoma is often changed on review by an 
expert pathologist. This includes the diagnosis of sarcoma, sarcoma subtype and 
tumour grade.

•	 Treatment guided by a sarcoma-specific multidisciplinary team results in better 
overall survival, improved disease-free survival, reduced risk of amputation, bet-
ter conformity to clinical practice guidelines and greater use of preoperative 
imaging and biopsy.

•	 Participation in clinical trials correlates with improved survival rates for patients 
with sarcoma.

Whilst metrics to demonstrate these outcomes in the South Australian/Northern 
Territory scenario above are not available, anecdotal evidence of their benefits has 
been manifested particularly in increased referral patterns and increased involve-
ment in clinical trials. Two notable patterns of change include an increase in the 
number of indigenous patients presented for MDT discussion and the number of 
patients considered for preoperative radiotherapy.

23.5	 �National Cooperation: A Federated Sarcoma Database

Good quality multidisciplinary care requires accurate and relevant data collection 
and analysis. A major project for the ASSG, as part of its mandate to improve 
national sarcoma outcomes, was to establish a national sarcoma clinical database.

A collaborative effort between three major sarcoma centres (Victoria, New South 
Wales and the Australian Capital Territory) and the ASSG resulted in the develop-
ment of a minimum sarcoma data set. In 2009, a federated database, based on the 
BioGrid system [20] and using the sarcoma minimum data set, was built, tested and 
began being populated in Victoria at the Peter MacCallum Cancer Centre (national 
data on 3200 patients has since been recorded) and was selected to allow clinicians 
to collect a comprehensive data set relating to the diagnosis, treatment and follow-
up of patients diagnosed with sarcoma.

The governance of the data set is provided by BioGrid Australia. BioGrid 
Australia has obtained approval from 23 Human Research Ethics Committees for 
the federated data linkage processes at 39 sites across the Australian Capital 
Territory (ACT), New South Wales (NSW), Queensland (QLD), South Australia 
(SA), Tasmania (TAS), Victoria (VIC) and Western Australia (WA). The data set is 
available to each contributing centre, for research, evaluation and quality control 
purposes.
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In collaboration with BioGrid Australia, a centralized database recording the 
inventories of current sarcoma tissue bank sites was also undertaken. The sarcoma 
biospecimen bank project runs in parallel with establishing the database. The 
expected outcome is a register of sarcoma tissue storage that will be posted on the 
website for researchers to access.

As this data set matures, it will provide a valuable tool to achieve anticipated data 
collection outcomes, such as comparison of epidemiological data and clinical care 
data, and standards against international benchmarks. A longer-term goal is to 
include paediatric data. The importance of these data sets is underscored by the rar-
ity of the disease, as many clinical outcomes can only be addressed by use of large 
pooled multicentre data sets. This includes improving our understanding of how 
sarcoma is best treated and managed to improve patient outcomes, to assist with the 
delivery of evidence-based care.

23.6	 �Existing Barriers and Challenges

A number of obstacles to multidisciplinary care continue to challenge the Australian 
sarcoma community.

Despite the implementation of financial incentives for multidisciplinary care, 
reimbursement issues remain problematic in some areas. In Australia, many lab-
oratories are not funded for certain diagnostic tests (FISH, chromosomal translo-
cations, activating mutations etc.), and there is limited recognition of subspeciality 
pathology expertise. This provides challenges given the small volume of cases 
seen and the heterogeneity and rarity of sarcoma. No formal or funded mecha-
nisms exist for second pathology review. As a consequence, centres or laborato-
ries must absorb costs associated with ‘on referral’ or specialist opinions. 
Submissions are currently underway by the Royal Australasian College of 
Pathologists to the Federal Government to attempt to redress these disparities.

Good data collection is underpinned by reliability and reproducibility. The het-
erogeneity of tumour subtypes in sarcoma poses particular challenges to coders and 
registry staff. By way of example, WHO pathological classifications are subject to 
change, ICD-10 codes are not universally used and second opinion review will not 
infrequently change the histopathological diagnosis. Management of data assets is 
therefore time consuming and resource intensive, and ongoing training and sustain-
ability issues need to be addressed.

Similarly, the geography of Australia and the variable access to institutional 
resources continues to limit universal access to sarcoma-specific expertise. 
Outside of a major tertiary care hospital or oncology service, the primary care 
provider may rely on well-established (but not sarcoma-specific) pathways to 
liaise with relevant pathology and radiology expertise. Dichotomy between public 
and private sector providers continues to act as a barrier to access sarcoma-spe-
cific multidisciplinary teams in many geographic areas, although this is improv-
ing. Similarly, access to site-specific surgical expertise (e.g. thoracic surgery, 
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head and neck surgery, gynaecology, etc.), medical oncology, radiation oncology, 
genetic cancer services, etc. may result in alternate pathways that delay or divert 
referral to a sarcoma management team.

Increasingly the need for specialist services for adolescents and young adults 
(AYA) with cancer are being recognized. Sarcoma disproportionately affects chil-
dren and young adults. Historically, in Australia, there has been a major divide 
between paediatric and adult surgery and oncology care. More recently there has 
been increasing recognition of the survival gap when comparing paediatric and 
adult outcomes for the same type of sarcoma, leading to advocacy for adolescent 
and young adult oncology units.

By contrast with adult-type soft tissue sarcoma, adjuvant and neoadjuvant che-
motherapy has a major effect on the survival of patients with paediatric-type bone 
and soft tissue sarcoma (rhabdomyosarcoma and primitive neuroectodermal 
tumours) [21]. These differences in treatment algorithms and outcomes, and the 
ability to manage complications arising from treatment, need to be nested within a 
more holistic approach. As paediatric/AYA sarcoma is the largest emerging group 
within the sarcoma community, their particular needs in terms of not only survival 
but the ability to integrate into the community and have satisfying and productive 
lives also need to be addressed as a key outcome measure.

23.7	 �Cooperation in Action: The Clinical Trial Interface

The Australasian Sarcoma Study Group was set up with a clear mandate to progress 
sarcoma research in the Australian community. As a national cooperative cancer clini-
cal research group, it has established research networks across the nation and interna-
tionally. The ASSG is 1 of 13 Multisite Collaborative National Cancer Clinical Trials 
Groups supported under a Cancer Australia- and government-funded programme.

This funding provides infrastructure funding only (i.e. salary support for office 
and trial centres) so that sustainability must be addressed through alternate models. 
This includes reliance on formal and informal relationships with philanthropic 
groups to generate competitive grant funding. In addition, industry-untethered 
grants and industry-sponsored clinical trials provide an important mechanism to 
obtain direct and leveraged research funding.

It is the mission of ASSG to set up and maintain a national sarcoma research 
capability. This is reliant on expansion of formal collaborative research networks. 
Access to international trials, such as Sarcoma Alliance for Research through 
Collaboration (SARC) and European Organisation for Research and Treatment of 
Cancer (EORTC) trials, is important, but barriers still exist in gaining access to tri-
als. Timelines remain problematic in terms of contracts, regulations and site-level 
issues that need to be resolved on a case-by-case basis. A critical mass needs to be 
generated, but there has been good progress to date. One of the key lessons from this 
process is that the first experience (n = 1) is always the most difficult, but experience 
and success builds the foundations for further trial opportunities.
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In a nation characterized by a small sarcoma patient population and marked geo-
graphic disparity, collaboration, cooperation and innovation remain the key to 
developing and maintaining a research capability.

23.8	 �Practice Guidelines for the Australian Environment

One example of this innovation is the recent development of Wiki-based Clinical 
Practice Guidelines for the Management of Adult Onset Sarcoma [22]. The sarcoma 
guidelines project was a collaborative project between the ASSG and Cancer 
Council Australia (CCA). Utilizing a modified media-Wiki website platform, it has 
enabled development of evidence-based (as opposed to existing consensus-based) 
guidelines to be developed and tailored to the Australian environment [23]. The 
purpose of these guidelines was not restrictive, but focused on the clinical questions 
that were most relevant to different disciplines. The selected questions reflected the 
gaps in knowledge that impacted most on daily management decisions.

As an ab initio set of guidelines, the scope was initially broad. The key areas 
were then refined to include:

•	 Diagnosis
•	 Multidisciplinary treatment
•	 Chemotherapy (systemic therapies)
•	 Radiotherapy
•	 Surgery
•	 Follow-up

For reasons of pragmatism and resource, the scope of the first iteration was 
restricted to adult onset bone and soft tissue sarcoma. Gastrointestinal stromal 
tumours (GIST), Kaposi’s sarcoma and aggressive (desmoid) fibromatosis were 
excluded. Childhood, adolescent (AYA) and gynaecological sarcomas are priorities 
for the next iteration of the guidelines.

Increasingly, multidisciplinary care acknowledges the central role of consumers 
in care delivery and optimization. Whilst historically clinical practice guidelines in 
Australia have been accompanied by separate written consumer guidelines, a deci-
sion was made not to do this. Instead, leveraging the technology platform afforded 
by Wiki-based guidelines, available ‘online’ consumer resources from within 
Australia and elsewhere were integrated as ‘linked pages’ and embedded within the 
guidelines.

Other external linkages were also embedded, including links to the ASSG, geo-
graphic sarcoma expertise (‘Find a Sarcoma Specialist’) and linkages to available 
clinical trial sites, such as the NHMRC Australian and New Zealand Clinical Trials 
Registry (www.anzctr.org.au) and sites presenting detailed clinical treatment proto-
cols such as eviQ (www.eviq.org.au).

The release of these guidelines has had important benefits for the Australian 
sarcoma community. It has started a conversation about the evidence basis that 
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underpins clinical management, identified key areas where evidence gaps exist and 
identified key research priorities. In addition, the process brought together key clini-
cal thought leaders and identified areas of marked variance in clinical practice.

The guidelines were released nationally on 15 November 2013 and can be 
accessed at: www.wiki.cancer.org.au/Australia/Guidelines:sarcoma. The guidelines 
highlight the importance of early referral to multidisciplinary centres that specialize 
in treating sarcoma. The importance of the multidisciplinary team in initial assess-
ment, diagnosis and making decisions about treatment is strongly endorsed. A mul-
tidisciplinary approach (involving pathologists, radiologists, surgeons, radiation 
therapists, medical oncologists with experience in sarcoma) or within reference net-
works sharing expertise and treating a high number of patients annually is preferred. 
Caseload and experience is associated with improved rates of function limb preser-
vation, lower rates of local recurrence, good rates of overall survival and improved 
quality of life. The guidelines also support and encourage enrollment of sarcoma 
patients into clinical trials.

The Australian Clinical Practice Guidelines for the Management of Adult Onset 
Sarcoma are the first step towards more standardized care for patients with sarcoma 
across the nation and provide a framework to educate the community about referral 
pathways and develop more formal communications between sarcoma centres and 
clinicians, particularly in relation to current trials and access.

The use of existing and emerging technology platforms, such as Internet-based 
guidelines and Web-based education resources, offers a cost-effective way of engag-
ing with health providers and consumers who may not otherwise have been able to 
access these opportunities. Further, such a platform provides an accessible up-to-
date platform for dissemination of current evidence in a rapidly changing landscape, 
as well as a national and regional resource for multidisciplinary sarcoma teams, 
individual clinicians and consumers.

In addition, education modules can be linked to key stakeholder groups such as 
radiology, pathology, primary care providers and surgical colleges and societies 
[24]. Such Web-based education resources are not only cost effective, but can be 
stratified by level of expertise (e.g. medical student vs. specialist) and by resource 
availability.

From release in November 2013 to May 15, 2014, the guidelines received 3475 
page views with 1344 visits and an average of 2.6 pages per visit. Of these 52% of 
visits were from Australia, 8.9% the USA, 6% the UK, 6% India, 2% Singapore, 
1.9% Germany and the remaining 25.3% from 39 additional countries. Engagement 
from the breadth of the sarcoma community, both in Australia and internationally, 
via comments and submissions of new evidence is actively encouraged.

23.9	 �What Does It Mean for Our Region?

Australia is situated within a region that is rapidly expanding in population terms. 
The Asia-Pacific region accounts for more than four billion people and is arguably 
the most rapidly developing region globally [25]. It is also a region characterized by 
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great diversity, both in ethnographic and economic terms. The per person gross 
domestic product for Asia-Pacific countries ranges from $US 1700 in Burma to $US 
62,400 in Singapore (Australia is $US 43,000). Little is known about variations in 
incidence of sarcoma within the region, but standardized mortality rates and other 
outcome measures suggest that expectations and outcomes for sarcoma are likely to 
be similarly varied, and guidelines that may be appropriate in one country may be 
quite unrealistic in another. The concept of resource stratified guidelines within the 
Asia-Pacific region has been addressed by the Lancet Oncology, which included 
specific guidelines for sarcoma [26].

In a regional and global sense, this poses challenges for equity of sarcoma care. 
Expectations vary; there are significant economic and social and resource dispari-
ties that impact on provision of sarcoma management. However, to make progress, 
these borders need to be crossed. Expanded collaborative approaches, development 
of research infrastructure, interoperability of clinical data management platforms 
and facilitated research collaboration between nations in our region offer the oppor-
tunity to develop powerful data sets and address clinical questions that could not be 
addressed by any one nation alone.

�Conclusions

Advances in multidisciplinary sarcoma care in Australia over the last decade 
have resulted in significant changes in sarcoma management. Formalized multi-
disciplinary meetings at sarcoma-specific centres have created new awareness of 
the need for specialist multidisciplinary input at all stages of diagnosis, treatment 
and follow-up.

As these processes have become embedded as ‘best standard of care’, new 
opportunities to establish and maintain a national sarcoma research capability 
have arisen. These include development of a national clinical sarcoma database, 
sarcoma biospecimen registers and expanded opportunities for clinical trial par-
ticipation both nationally and internationally. In addition, new technology plat-
forms have enabled the sarcoma community to address areas of evidence-based 
practice and identified new opportunities to engage more effectively with the 
broader sarcoma community, both nationally and across the Asia-Pacific region.
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24Multidisciplinary Musculoskeletal 
Oncology Care in Scotland:  
A Virtual Clinic

P.S. Young, D.T. Wallace, M. Halai, H. Findlay, 
and A. Mahendra

24.1	 �Demographics and Geography

Early diagnosis and treatment by appropriate specialists is the cornerstone of sar-
coma management, and delay or inappropriate intervention can have significant 
ramifications for patients’ morbidity and mortality [1]. Sarcoma services in Scotland 
are challenged by population distribution and geography. Scotland has a population 
of around 5.3 million, growing by around 0.5% per annum [2]. Around 70% of the 
population live within the central belt, an area between the two largest cities with 
Glasgow in the west and Edinburgh to the east; however, the remaining population 
is scattered over 79,000 km2 of what is highly varied and often adverse geography. 
The incidence of sarcoma in this population is around 180 new cases per annum [3].

The National Health Service (NHS) delivers health care across Scotland which 
is free at the point of access. The NHS is primarily funded through central taxation 
which is accountable to the Scottish Government. However, due to the varying 
geography and health demographics of Scotland, the NHS services are further sub-
divided into 14 Health Boards, which are responsible for delivering care within their 
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local region. Each Health Board has funds allocated from their annual budget to 
fund tertiary sarcoma services according to a number of factors, such as population. 
Tertiary sarcoma services are delivered within the three largest cities, Glasgow, 
Edinburgh and Aberdeen and are co-ordinated nationally through the Scottish 
Sarcoma Network (SSN). Guidance for all health services within the United 
Kingdom is provided by the National Institute of Clinical Excellence (NICE) which 
states that all patients with a confirmed bone or soft tissue sarcoma should have their 
care supervised or in conjunction with a sarcoma multidisciplinary team (MDT) and 
that the sarcoma MDT should manage the care of at least 50 new patients with bone 
sarcoma and 100 new patients with soft tissue sarcoma per year [4]. These are 
broadly similar to sarcoma guidelines worldwide [5, 6]. The SSN thus provides co-
ordinated sarcoma care with a single multidisciplinary team making clinical deci-
sions for all patients with a confirmed sarcoma diagnosis within Scotland. Specific 
surgical and oncological care is then provided within one of the three primary cen-
tres. Furthermore, due to the volume of referrals of patients with a suspected sar-
coma, each of the three centres acts as a hub within its own region and co-ordinates 
subsequent investigations for these patients.

Specific to the West of Scotland (Glasgow) sarcoma service, this catchment area 
covers around half of the population of Scotland (around 2.5 million), and adult 
tertiary referrals are received from secondary care centres within Greater Glasgow 
& Clyde Health Board (46%), secondary care centres from distant health boards 
(42%) and local primary care practitioners (12%).

24.2	 �Service History and Redesign

Historically Scotland’s geography and demographics meant suspected soft tissue, 
and osseous tumours were often referred for investigation by primary or secondary 
care practitioners prior to tertiary referral. This may have led to potential diagnostic 
delay, unnecessary invasive investigations and/or surgical intervention without prior 
biopsy, factors well recognised to be associated with delay in diagnosis and poorer 
patient outcome [1]. Furthermore, of those patients referred to the tertiary centre, a 
significant number would be required to travel long distances for multiple outpatient 
consultations. In recent years, however, it has become widely accepted that investi-
gations and management of soft tissue and osseous tumours should be performed in 
specialist sarcoma centres. This has led to increasing demand on these services 
given the high ratio of benign to malignant lesions (reportedly as high as 100:1 [7]) 
and the high incidence of suspected sarcoma compared to the relatively low inci-
dence of actual sarcoma. In the West of Scotland, referrals to the musculoskeletal 
(MSK) multidisciplinary oncology team typically include soft tissue and bony 
lesions suspected to be neoplastic.

In 2010, due to increasing demand on the West of Scotland MSK oncology ser-
vice, a virtual referral clinic was designed and implemented. This aims to utilise mod-
ern electronic technology and a centralised multidisciplinary team to provide rapid 
advice and diagnosis for efficient patient care avoiding unnecessary clinic appoint-
ments and a streamlined service to optimise timely investigations for those patients.
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24.3	 �West of Scotland Musculoskeletal (MSK) Oncology 
Virtual Clinic

The service accepts referrals for adult patients by phone, letter or more commonly 
by e-mail to the MSK oncology team. At present this service does not cover paedi-
atric referrals (under 16 years of age), which are directly referred to the paediatric 
musculoskeletal oncologist via a more traditional pathway. E-mails are monitored 
daily by the lead clinician and the MSK clinical nurse specialist. Immediate advice 
can be given with regard to baseline imaging as required, including x-rays, CT, 
MRI, NM bone scan and blood tests. To allow patients to be discussed at the weekly 
MSK Radiology Meeting, referrers are expected to provide key information includ-
ing: patient demographics, referrer’s contact details, comprehensive clinical infor-
mation and up-to-date imaging. Patients referred without this baseline information 
or without the possibility of timely investigation are appointed on an urgent basis to 
the next clinic to avoid any delay in making a diagnosis.

The MSK Radiology Meeting runs weekly with key personnel comprising a con-
sultant orthopaedic oncologist, MSK consultant radiologist and the orthopaedic 
oncology clinical nurse specialist. Patient’s referrals are discussed with particular 
scrutiny given to radiological investigations. Patient imaging is available on the 
Scotland wide digital national archiving system which allows access to all digital 
imagery from all NHS radiology departments across the country.

Following discussion, a decision is made for each patient (Fig. 24.1); if sufficient 
clinical information is available for an accurate diagnosis to be made, the patient is 
either discharged back to referring team with advice or the patient is given the next 
clinic appointment to apprise them of the diagnosis and discuss treatment options 
including surgery. Where insufficient clinical information is available to make the 
diagnosis, the patient may be referred for biopsy (either open or under radiologi-
cal guidance) or a request for specific urgent radiological investigation is made. 
Upon referring the patient for radiological guided biopsy, the recommended biopsy 
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advice
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Direct referral for
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Sarcoma Virtual 
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Fig. 24.1  MSK oncology virtual clinic referral management pathway
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tract is identified by the surgical team in concert with the specialist radiologist, 
electronically marked on the available imaging, and saved for use by the interven-
tional radiologist at the time of biopsy. This helps to reduce morbidity associated 
with inappropriately placed biopsy tracts. Patients requiring biopsy are contacted 
by telephone after the meeting by the orthopaedic oncology clinical nurse special-
ist to explain the rationale for biopsy and the timescale for pathology results being 
available. Contact information is shared and the patient is encouraged to call back 
with any questions or issues. A formal letter is dictated and sent back to the refer-
ring provider the same day, detailing the outcome of the MSK virtual clinic. All 
patients’ journey information is recorded on a secure audit system to allow robust 
evaluation of the service.

24.4	 �Service Review

Following inception, we audited all patients seen at the MSK virtual clinic between 
January 2010 and September 2012. One thousand and twenty-seven patients were 
referred during that time, of which 12% were from local primary care practitioners 
(GPs), 46% were from local secondary care institutions (hospitals) within our 
Health Board and 42% were from secondary care outwith our Health Board. Only 
25.5% of the referred patients were given an urgent clinic appointment for further 
assessment or to discuss surgical intervention, while 45.8% were directly appointed 
for biopsy prior to clinic review, and 30.3% were discharged immediately back to 
the referring clinician (Table 24.1). The diagnosis, made either radiologically or 
histologically when appropriate, was also recorded (Table 24.2).

Table 24.1  Final patient 
outcome from audit of MSK 
oncology virtual clinic 
between January 2010 and 
September 2012

Final outcome

Discharged after further investigations 160 15.6%

Discharged after MSK oncology discussion 311 30.3%

Discharged after surgery 2 0.2%

Routine follow-up 135 13.14%

Surgery 379 37%

Deceased 36 3.50%

Total 1027

Table 24.2  Diagnostic spread of 
benign and malignant lesions 
referred to MSK oncology virtual 
clinic between January 2010 and 
September 2012

Bone tumour benign 182 17.7%

Bone tumour malignant 74 7.20%

Metastases 88 8.56%

Other (benign) 380 37.0%

Soft tissue sarcoma 71 6.91%

Soft tissue tumour (benign) 227 22.1%

Total 1027
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24.5	 �Impact of Service Change

Following the implementation of the virtual multidisciplinary team (MDT) meeting 
for MSK oncology referrals, we have noted a significant improvement in the service 
overall. All patients who are referred with detailed clinical history and availability 
of radiological imaging are discussed within 1 week of referral and provided with 
an agreed upon management plan. Three-quarters of these patients did not subse-
quently require an initial subspecialty clinic appointment. For over one-quarter of 
patients, this meant specialist review within 1 week with continued care by their 
own physician and reassurance regarding their lesion. This reduces patient anxiety 
and eliminates the need for potentially long distance travel to a clinic appointment 
for reassurance only.

Almost half the patients referred are directly scheduled to undergo image guided 
biopsy, performed by the MSK Interventional Radiologist with biopsy tract agreed 
at the virtual clinic, and the image saved onto the digital archiving system. Patients 
are scheduled directly to the new patient clinic once final histology results become 
available and have been discussed at the weekly sarcoma MDT meeting to decide 
management plan, normally within 2–3 weeks. Streamlining of this service elimi-
nates unnecessary clinic appointments, leads to rapid histological diagnosis and 
enables swift surgical or oncological intervention if required or reassurance in 
the majority of cases. Furthermore, planning the biopsy tract in conjunction with 
the surgical team avoids morbidity associated with inappropriately placed biopsy 
tracts. This is compared to the previous system where the patient might expect to 
wait 2–3 weeks for an urgent initial appointment and then subsequent referral for 
biopsy or further imaging, which might then require expert review by our specialist 
radiologists. For one-quarter of patients, their clinical journey is not altered by the 
virtual clinic review; however, their available radiology will have already under-
gone specialist review.

From the surgeon’s perspective, we have seen a drastic reduction in clinic pres-
sures as three quarters of patients require either one less appointment or no appoint-
ment. Furthermore, both referring clinician and patient satisfaction with the service 
is high. Service satisfaction audit completed in 2015 showed referrer satisfaction 
overall 63% very satisfied, 30% satisfied and 7% fairly satisfied; particular notes 
were made regarding good accessibility and communication. Patient satisfaction 
as assessed by the EORTC QLQ-C36 (quality of life) questionnaire showed 95% 
patients very satisfied with the referral and assessment service. Furthermore, the vir-
tual MSK clinic pathway allows for ease of audit, patient tracking and accountability.

�Conclusion
Multidisciplinary sarcoma care is funded and provided in Scotland by a national 
service and delivered in three main cities. This is challenged by the geography 
and wide population distribution of the country. Historically, patients would 
often be investigated and treated in secondary care settings prior to tertiary refer-
ral. It has been well established that specific cancer patient pathways can acceler-
ate diagnosis and improve patient management [8]. However, in order to improve 
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patient care and streamline provision of services in the West of Scotland, we 
have developed a tertiary multidisciplinary virtual MSK oncology clinic. This 
allows all secondary care clinicians’ rapid access to advice and provides patients 
with efficient, expert review followed by reassurance or referral for histological 
investigation where appropriate, thereby reducing the need for long-distance 
travel for patients to unnecessary clinics as well as reducing time to diagnosis 
and appropriate treatment.
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25Limb Salvage in India

Shah Alam Khan, Venkatesan S. Kumar, 
and Rishi Ram Poudel

25.1	 �Introduction

In the last couple of decades, the management of musculoskeletal sarcomas has 
seen a sea change. Limb salvage is now the standard of care for limb sarcomas. 
Despite high volumes of limb salvage surgery for limb sarcomas, the components of 
limb salvage surgery are constantly on scrutiny. With advances in chemotherapy, 
there has been a significant improvement in the survival rates, but still bone sarco-
mas have the poorest survival rates among pediatric cancers [1]. Limb salvage sur-
gery is an interactive, coordinated sequence of events, which leads to local control 
of malignancy and restoration of important functions of the affected limb. Thus, 
limb salvage would include biopsy, disease staging (local and systemic), chemo-
therapy protocols, surgical procedures, and finally regular follow-up. The aim is to 
achieve an acceptable oncologic, functional and cosmetic result. Such an exhaustive 
exercise is therefore possible only through a committed multidisciplinary team.

In developing countries like India, malignant bone and soft tissue tumors occur 
in huge numbers. The shear population of a billion plus people predisposes to high 
numbers of sarcoma patients at any given time. In the absence of definitive 
population-based data on bone sarcomas, the magnitude of occurrence of malignant 
bone sarcomas in countries like India can be anyone’s guess. The general orthope-
dic surgeons see a large part of these bone tumors. With few centers doing special-
ized limb salvage surgery, amputation is still the commonest surgery done for 
malignant bone tumors in the developing world.
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Load of Bone Tumors in India: As mentioned above, the absence of a standardized 
database in India makes it difficult to estimate the absolute numbers of bone sarco-
mas being treated in the country. Significant underreporting and poorly reported 
diagnoses in peripheral setups make the picture even gloomier. Rathi et al. (2007) 
reported bone tumors to form 7.66% of all pediatric malignancies from a medical 
college (tertiary health-care setup) in New Delhi [2]. The figure appears to have a 
significant referral bias. In 2011, Jignasa, from the western Indian state of Gujarat, 
reported that bone tumors formed 2.32% of all the different pediatric malignancies 
in a cohort of 2150 malignancies (of which 2% were pediatric malignancies) [3]. In 
a cohort of 117 patients of bone tumors reported from South India, the authors con-
cluded that primary benign bone tumors significantly outnumber the malignant one, 
but 35% of all primary malignant bone tumors were osteosarcomas [4]. The Indian 
Council of Medical Research (ICMR) started the National Cancer Registry 
Programme (NCRP) in December 1981 [5]. Despite a presence of more than 30 
years, the registry has poor reporting of bone sarcomas. In conclusion, absence of a 
formal databank on malignant bone tumors in India leads to underreporting and 
“mis-reporting” of these patients. Lack of coordination in information sharing and 
nonavailability of specialized centers dealing with musculoskeletal tumors in the 
developing world add to the problems of doing a successful limb salvage surgery.

25.2	 �Special Challenges in Tumor Surgery

In India a host of challenges make limb salvage surgery a difficult task. The factors, 
which make this surgery difficult to perform, are as follows:

	1.	 Delayed diagnosis: In the developing world, a large number of bone tumors pres-
ent very late. The delayed diagnosis has both social and medical causes with 
patient’s illiteracy and ignorance playing an important part in seeking advice at 
an advanced stage. Such high volume tumors are difficult to manage surgically 
(Fig. 25.1). The delay in diagnosis is also attributable to an ill functioning periph-
eral health-care setup, which is commonly encountered in countries like India.

	2.	 Availability of alternative systems of medicine: Poverty is known to invent its 
own systems of cure. In India, alternative forms of medicine such as Ayurveda, 
Siddha, and homeopathy are popular, and a large section of the society seeks 
help from these systems especially for bone and joint ailments [6]. The initial 
treatment is usually taken from the village osteopath and referral to a primary 
health-care facility is delayed. In the wake of ignorance of disease, even those 
patients who are already under the care of an allopathic system tend to take 
advice from other systems of medicines. This causes delayed diagnosis, irratio-
nal use of medicines, and undue delay in surgery leading to either primary ampu-
tations or a poor outcome of limb salvage surgery in malignant bone tumors.

	3.	 Poor availability of resources: Availability of resources is an important factor 
to consider before attempting limb salvage. Universal insurance coverage is 
not mandatory in India. As a result, many families face difficulty in meeting 
the huge economic burden imposed by the cost of chemotherapeutic drugs and 
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surgery. Limb salvage in bone tumors is an implant-dependent procedure. With 
poor economic resources, majority of surgeons are forced to choose low cost, 
indigenous implants for limb salvage, thereby jeopardizing the salvage surgery 
per se. Indigenous implants like endoprosthesis have high complication rates like 
breakage and metallosis (Fig. 25.2).

Fig. 25.1  Clinical pictures of patients with high volume, neglected tumors of the limbs. A typical 
sight in the developing world
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	4.	 Lack of trained personnel: In resource-challenged environments, there is not only 
paucity of financial resources but of trained personnel as well. In a country like 
India, there is a massive shortage of specialist surgeons performing musculoskel-
etal oncology. Lack of trained para-clinical staff in various aspects of limb sal-
vage makes the surgery not only difficult but outright dangerous for the patient. 
Concepts of community oncology nurses, community phlebotomists, are totally 
lacking in countries striving to achieve basic health care for its people. Even the 
general orthopedic surgeons, who are the primary nodal point of contact for the 
patient, have a limited exposure to limb salvage procedures during their resi-
dency. Thus, in countries like India, the so-called multidisciplinary team (MDT) 
responsible for care of sarcoma patients is only available at a select few centers.

	5.	 Poor follow-up: A good follow-up is essential for the success of any limb sal-
vage procedure. Poor follow-up delays the detection of recurrences thereby jeop-
ardizing the results of good surgery. In countries like India, ensuring regular 
follow-up is a herculean task. In the presence of poorly functioning community 
health-care services, follow-up is not ensured thereby leading to high attrition 
rates and poor final outcome.

25.3	 �Diagnostic Strategy in Bone Tumors

The diagnosis of malignant bone tumors is the result of sequential, planned array 
of investigations combined with classical clinical presentations. Besides establish-
ing a diagnosis, it is also essential to stage the disease. Unfortunately, the diagnosis 
of bone sarcomas is difficult particularly when the tumor is located at an atypical 
site within the bone or when the clinical picture is distorted with superadded infec-
tion, unplanned surgical intervention (like an unplanned biopsy), or attempted sur-
gical excision by an untrained physician. The latter three are common occurrences 

a b

Fig. 25.2  (a) Clinical picture of a patient with severe metallosis following implantation of an 
indigenous endoprosthesis for osteosarcoma. (b) Loosening of the axle nut 2 years after surgery in 
an indigenous endoprosthesis done for an osteosarcoma of the distal femur
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in developing countries like India. It is vital to realize the importance of locally 
endemic diseases when dealing with the radiological picture of a suspected bone 
tumor. In countries like India, musculoskeletal tuberculosis is a common masquer-
ader of bone tumors and vice versa (Fig. 25.3). An amateur surgeon can mistake a 
PNET for tubercular osteomyelitis especially in the pediatric age group. Hydatid 
cyst of bone can resemble an aneurysmal bone cyst.

	1.	 Plain radiograph: Still forms the first investigation of choice in a suspected bony 
lesion. The plain x ray can qualify the lesion and give an immediate working 
diagnosis. Important parameters which need to be evaluated on a radiograph of a 
bone tumor are:
•	 Site of the lesion: Epiphyseal, metaphyseal (commonest), or diaphyseal. In 

the Indian context, it is important to remember that diaphyseal lesions like 
Ewing sarcoma can commonly mimic acute or chronic osteomyelitis, which 
are a common occurrence in this part of the world (Fig. 25.4).

•	 Lytic or sclerotic lesion: It is important to assess whether the lesion is scle-
rotic or lytic. Lytic destruction in a primary bone tumor indicates aggressive-
ness of the lesion. In developing countries like India, sclerotic bone lesions 
may not necessarily be bone-forming tumors. Lytic lesions in the epiphysis 
can mimic infections, mainly subacute epiphyseal osteomyelitis (Fig. 25.5).

•	 Matrix: Of the lesion denotes the underlying tissue. Chondroid lesions show 
speckled calcification in the matrix. Popcorn calcification in chondrosarco-
mas is well known (Fig. 25.6).

•	 Periosteal reaction: The type of periosteal reaction on a plain radiograph 
reveals the nature of the underlying disease process. It is important to differ-
entiate the periosteal reaction of an osteosarcoma with that occurring due to 
atypical pathologies like tuberculosis, the latter being a far more common 
occurrence in the third world (Fig. 25.7).

a b

Fig. 25.3  (a) Plain radiograph of the left shoulder in a 66-year-old man showing a lytic destruc-
tion of the inferior part of the humeral head. (b) T2-weighted image MR sequence shows the 
intense inflammatory exudate surrounding the humeral head. Diagnosis: TB of the shoulder joint
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	2.	 Magnetic resonance imaging (MRI)
MRI is used in the staging of bone sarcomas. MRI with specific adapted bone 
tumor sequences allows an exact local staging of bone sarcomas [7]. MRI is 
also helpful in the detection of skip lesions and in metachronous osteosarcomas, 
which are not an uncommon occurrence in cases with late presenting sarcomas 
as seen in countries like India [8]. Common MRI parameters, which need to be 
evaluated, include nature of the lesion, its extent, status of neurovascular bundle, 
presence of other lesions, and involvement of adjacent joints/growth plate [9]. 
Dynamic MRI studies in osteosarcoma are a useful surrogate to see the amount 
of angiogenesis in the tumor substance. We were among the first few authors to 
report the use of dynamic contrast-enhanced MRI as an essential tool in deter-
mining tumor angiogenesis in osteosarcomas and hence have an idea about 
prognosis [10]. However, these studies are available only in few advanced cen-
ters of the country.

a b

Fig. 25.4  Plain radiograph of the distal forearm in a 22-year-old male. There is a moth-eaten 
destruction of the ulnar diaphysis with periosteal reaction. Initially treated as osteomyelitis, this 
turned out to be Ewing sarcoma of the ulna
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a b

Fig. 25.5  (a) Plain radiograph of the knee in a 12-year-old showing a lytic lesion in the epiphysis. 
(b) T1-weighted MR scan showing a solid component of the lesion. The child was initially diag-
nosed as an infective pathology. Final diagnosis: chondroblastoma

Fig. 25.6  Plain radiograph of 
the pelvis in a 30-year-old 
lady with a chondroid lesion 
of the right iliac wing (note 
the “popcorn calcification” 
pattern). Diagnosis: low-grade 
chondrosarcoma
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Fig. 25.7  Plain radiograph of the 
left femur in a 16-year-old boy with 
tubercular osteomyelitis. Note the 
presence of a heavy periosteal 
reaction in the diaphysis. Endosteal 
sequestrae are also visible

	3.	 Other imaging modalities
In bone sarcomas, it is essential to stage the disease through a three-phase bone 
scan and a noncontrast CT chest. These investigations should be completed in all 
patients after the final diagnosis is established through a bone biopsy. Although 
advanced centers of MSK oncology also use the positron emission tomography 
CT scan for local and systemic aggressiveness of the lesion, this investigation 
is sparingly available in developing countries and is only used in specialized 
centers. We have evaluated the role of PET-CT in the post-chemotherapy assess-
ment of chemotherapy with significant results [11]. We also saw a high degree of 
accuracy of PET scan in detecting recurrences in patients with recurrent Ewing 
sarcomas [12].

	4.	 Biopsy
Biopsy is an invasive diagnostic procedure performed with the aim of obtaining a 
sample of representative abnormal tissue, for histopathological or microbiologi-
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cal analysis. The importance of biopsy in the diagnosis of bone and soft tissue 
tumors cannot be overemphasized. Biopsy is usually performed as an elective 
procedure under aseptic precautions preferably in an operating room. Being an 
invasive procedure, biopsy should be performed only after completing the nec-
essary noninvasive (imaging) examinations such as radiographs and magnetic 
resonance imaging (MRI).

25.3.1	 �Biopsy in the Indian Scenario

In resource-challenged environments like ours, there is a lack of trained musculo-
skeletal oncologists, which puts the onus of performing a musculoskeletal biopsy on 
the general orthopedic surgeon. Lack of training in performing a biopsy for a bone 
and soft tissue tumor leads to an incorrect biopsy procedure and subsequent issues 
with limb salvage or amputation. Incorrectly done biopsy not only misses the diag-
nosis but also jeopardizes the anatomy for subsequent surgical intervention.

This is particularly true when the biopsy done is an incisional or an excisional 
biopsy, with ill-placed surgical scars and oncological pollution of more than one 
surgical or anatomical plane (Fig. 25.8). In our experience, the chances of recur-
rences are increased when biopsies are ill placed or performed without care for the 
soft tissue compartments in malignant bone or soft tissue tumors. Besides onco-
logical contamination, a poorly done biopsy scar also leads to scarring and fibrosis 

Fig. 25.8  A series of clinical pictures of different patients with poorly done biopsies. This is 
common in resource-challenged environments where untrained surgeons attempt incisional or 
excisional biopsies
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making soft tissue reconstruction procedures demanding (Fig. 25.9). It is therefore 
essential that general orthopedic surgeons be adequately trained in performing a 
biopsy in bone and soft tissue tumors. Biopsy is a complex cognitive skill, which 
should be performed with adequate care and knowledge.

25.3.2	 �Types of Biopsy

Based upon the technique utilized, biopsy procedures can be of the following types:

	1.	 Fine needle aspiration cytology/biopsy (FNAC/FNAB)
	2.	 Core needle biopsy
	3.	 Incisional (open) biopsy
	4.	 Excisional biopsy

FNAC is extremely useful in diagnosing carcinomas (malignant neoplasms of 
epithelial origin), but has little utility in primary diagnosis of bone sarcomas because 
examining the tissue architecture and matrix formation is important in the diagnosis 
of sarcomas. Further, fine needle biopsy would provide very little tissue that might 
preclude further pathological examination such as immunohistochemistry (IHC). 
However, with advancements in cytological techniques, certain centers in India are 
favoring FNAC in the diagnosis of soft tissue sarcomas and soft tissue recurrence of 
bone sarcomas [13, 14].

Core biopsy using a specially designed wide bore needle is the most common 
biopsy technique utilized in leading cancer centers for diagnosing sarcomas. For 
primary bony lesions, we prefer the Jamshidi needle (named after its inventor 
Khosrow Jamshidi), which is a cylindrical trephine needle with a tapered cutting 

Fig. 25.9  A poorly done biopsy for a tibial osteosarcoma. Reconstruction done using a gastrocne-
mius flap with excision of the biopsy scar
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tip (Fig. 25.10). The tip is tapered to retain the core of tissue. Primary soft tissue 
neoplasms are biopsied using a spring loaded, semiautomated Tru-cut needle. Most 
biopsies in adults are performed under local anesthesia with or without sedation 
with general anesthesia being reserved for children and painful conditions.

Incisional (open) biopsy is still the gold standard for biopsy of musculoskeletal 
lesions. The pathological tissue can be examined visually to locate the ideal site for 
biopsy. Good quantity of pathological tissue can be obtained thus avoiding incon-
clusive (repeated) biopsies due to inadequate sample. However, the need for general 
anesthesia, bigger scar size, and higher chance of contaminating normal tissue has 
made incisional biopsy less favorable compared to core biopsy. Skrzynski et  al. 
reported 84% success rate of closed needle biopsy when compared to open biopsy 
which had a success rate of 96% [15].

Excisional biopsy has very little role, if any, in the primary diagnosis of suspected 
malignant musculoskeletal neoplasms. Excisional biopsy is preferred in certain benign 

Fig. 25.10  A Jamshidi needle
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lesions such as osteochondromas and at certain problematic locations like the head of 
fibula. Excisional biopsy is therapeutic for benign lesions. It is also useful in super-
ficial, soft tissue lesions less than 5 cm with radiological picture suggesting benign 
etiology. However, if the lesion is beneath the deep fascia or if there is a suspicion of 
malignancy, we favor Tru-cut biopsy before proceeding with definitive management.

25.3.3	 �Image-Guided Biopsy

The exact site of biopsy can be located with the help of advanced imaging techniques. 
Certain locations such as vertebral body and sacrum would require CT-guided biopsy 
for targeting the lesion accurately. Deeply placed osseous lesions are best biopsied 
by an interventional radiologist using a CT scan. In our center, due to resource con-
straints, we prefer CT-guided biopsy only for lesions in the spine, sacrum, or pel-
vis and in those lesions that are difficult to localize on radiograph (Fig. 25.11). On 
the other hand, we commonly utilize image intensifier guidance for sampling bone 
lesions. Certain expansile lesions like an aneurysmal bone cyst should be injected with 
a radiopaque dye (like Omnipaque) before being biopsied. It helps to identify the locu-
lations and is helpful if the cyst is being injected in the same sitting. Most soft tissue 
lesions are biopsied under ultrasound guidance except in superficial, palpable lesions.

With recent advancements in imaging techniques, PET-CT-guided biopsies are 
also being performed. These are mainly reserved for soft tissue lesions like enlarged 
lymph nodes. Their use in bone tumors is limited.

Even after a satisfactory biopsy, a pathologist may find only dead and necrotic 
tissue in the biopsy specimen. This is because the biopsy sample could be from the 
central area of a rapidly growing neoplasm that undergoes necrosis due to inadequate 
blood supply. To avoid such inconclusive reports, we routinely take biopsy tissue 

Fig. 25.11  A CT-guided 
biopsy from the dorsal spine 
in a patient with metastatic 
deposit
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from the edge of a neoplasm along with a part of normal tissue to aid differentiation. 
Frozen section or touch smear examination from the biopsy specimen is performed 
wherever facilities are available, to confirm the presence of representative tumor tis-
sue in the biopsy sample. If a definitive diagnosis cannot be established with the first 
biopsy, the particular case is discussed at the multidisciplinary team (MDT) meeting 
to understand the concerns of the pathologist and a re-biopsy is planned accordingly. 
If two successive core biopsies turn inconclusive, incisional biopsy is preferred. We 
presume that our re-biopsy rates are higher than developed countries where CT guid-
ance is more commonly employed although we do not have adequate to support our 
claim. The biopsy scar is excised along with the tumor with wide margins during 
definitive surgery (Figs. 25.12 and 25.13).

Treating bone sarcomas without biopsies: A large number of patients are referred 
to our tertiary center with surgery done for the suspected bone sarcoma in the 
absence of a histopathological diagnosis. The most common error encountered in 
these referrals is that an unplanned curettage of a lesion was done without a diag-
nosis and that the curettings were found to be positive for malignancy only during 
the postoperative period. It is important to stress the fact that despite considerable 
advances in imaging modalities, these studies are not a substitute for histopathologi-
cal examination. They only supplement the diagnosis. Any bony lesion suspicious of 
neoplastic etiology should be biopsied unless it is a “no touch lesion.” (Fig. 25.14).

Fig. 25.12  Osteosarcoma of  
the proximal tibia with (future) 
surgical incision marked. The 
arrow is the point from where 
the biopsy will be taken
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Fig. 25.13  Biopsy scar 
excised along with an 
osteosarcoma of the 
proximal tibia

a b

Fig. 25.14  (a) Plain radiograph of the pelvis of a 32-year-old man with a sclerotic lesion on the 
left inferior pubic ramus. This was excised outside our hospital without any advanced imaging or 
biopsy. (b) Review of histopathology specimens showed features consistent with a chondrosarcoma
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25.4	 �Chemotherapy Strategies

Once a diagnosis of a bone sarcoma is established, the treatment warrants che-
motherapy before limb salvage can be attempted. As in the western world, neo-
adjuvant chemotherapy is the gold standard in the treatment of osteosarcoma and 
Ewing’s sarcoma in India. In the absence of standardized protocol and regimen of 
chemotherapy in bone sarcomas in India, regimens vary at different centers depend-
ing upon the local experience. In most tertiary centers, chemotherapy is provided 
by dedicated medical oncologists specialized in musculoskeletal neoplasms. Tumor 
board meetings are in place to decide on management of difficult cases that do not 
fit into the routine protocol. Most centers follow cisplatin- and doxorubicin-based 
regimens for osteosarcoma [16, 17]. Three cycles of preoperative chemotherapy 
are followed by surgical excision and three cycles of postoperative chemotherapy. 
Tumor necrosis rate is determined in the excised specimen to assess response to 
chemotherapy. If the necrosis rate is more than 90%, then the preoperative regi-
men is continued. However, if the necrosis rate is less than 90%, it is considered 
to be a poor prognostic factor. High-dose methotrexate can be added to the che-
motherapy regimen as evidence is increasing to support its use. Chemotherapy has 
increased the disease-free survival of osteosarcoma from less than 20% to 55–75%. 
Resistance to existing chemotherapeutic drugs is another obstacle to limb sal-
vage surgery. If a tumor progresses rapidly while on neo-adjuvant chemotherapy, 
upfront ablative surgery is recommended. In our study, we found that chemotherapy 
response in osteosarcoma can be predicted with dynamic MRI and it correlates well 
with post chemo necrosis [18]. Newer drugs currently being investigated include 
gemcitabine, docetaxel, and liposomal formulation of doxorubicin. The regimen for 
PNET/Ewing’s sarcoma group of tumors includes several drugs such as vincristine, 
doxorubicin, cyclophosphamide, ifosfamide, and etoposide. The first three drugs 
can be given together alternating with the last two. After the first five cycles, local 
disease needs to be addressed with surgery or definitive radiotherapy. Definitive 
radiotherapy is reserved for sites, which are difficult to access such as the centro-
axial skeleton. The incidence of second malignancy after radiotherapy is about 
2–10%. It may be mentioned that in the absence of skilled musculoskeletal onco-
logic surgeons in countries like India, relatively more patients receive radiotherapy 
than those who have surgery for their disease. Postoperative adjuvant radiotherapy 
can be added if the surgical margins turn out to be positive. Usually postoperative 
radiotherapy is given within 6–8 weeks following surgery. The risk of infection 
increases following postoperative radiotherapy in massive endoprosthetic recon-
structions. Hence, the risks and benefits need to be assessed at a multidisciplinary 
clinic before arriving at a decision. Challenges to adjuvant therapy include high cost 
of chemotherapeutic drugs and lack of infrastructure. Generic drugs are currently 
being promoted to cut down cost of chemotherapy. Nongovernmental organizations 
extend support to cancer patients from weaker sections of the society.

25  Limb Salvage in India



498

25.5	 �Limb Salvage Surgery

Following wide excision of bone sarcomas, different methods of surgical 
reconstruction are available. Reconstruction methods following tumor excision 
can be classified as:

	1.	 Nonbiological methods (mainly includes endoprostheses)
	2.	 Biological methods (autograft, allograft, vascularized grafts, etc.)

However, this division does not include certain other methods of reconstruction 
such as the nail-cement spacer, a common technique used in developing countries 
like India.

	1.	 Nonbiological methods
Endoprostheses can be either modular or custom made [19]. In general, the use 
of endoprosthesis in countries like India is limited by pricing and procuring 
issues. The main advantage of endoprosthetic reconstruction is that it can restore 
joint mobility and function apart from restoring limb length. Sufficient muscle 
should be available to generate power for moving the endoprosthetic joint. As 
already mentioned, most standard endoprostheses are unaffordable for majority 
of Indian population. This has forced the development of low cost, indigenous 
endoprostheses that are widely popular throughout the country (Fig.  25.15). 
However, loosening and metallosis is a problem with these implants and most 
bone sarcoma patients require revision within 10 years of the index procedure. 
The use of prosthesis is also limited by the imminent danger of infection which 
is common in resource-challenged environments like India.

Biological options for reconstruction in defects following bone sarcoma excision 
are many. The important options include:

	1.	 Intercalary resection and fibular grafting: This is one of the most common meth-
ods of reconstruction for diaphyseal defect. It is also used for metaphyseal sar-
comas with reasonable success particularly in achieving arthrodesis of the joint. 
We have significant experience with resection arthrodesis in distal femoral 
osteosarcomas using the nonvascularized fibular graft (Figs. 25.16 and 25.17). In 
our experience, defects less than 12 cm heal well when stabilized by a nonvascu-
larized fibular graft. For larger defects, there is high incidence of nonunion.

	2.	 Reconstruction using irradiated host bone: Irradiating the tumor bone itself with 
a high single dose of radiotherapy has shown good results for reconstructing 
bone defects after bone sarcoma excision. Its availability in an institute setup 
prevents widespread application in the developing world. We have seen good 
results with the technique, but it can only be used when the joint is uninvolved 
by the tumor [20]. The resected tumor specimen is denuded of its soft tissue 
components, and soft tissue component is sent for histopathological examina-
tion. The rest of the specimen is packed in a sterile container and irradiated with 
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high-dose radiation so as to kill all viable cells. The specimen is then prepared, 
reimplanted, and fixed using a plate. We prefer a locking plate to achieve higher 
stability (Fig. 25.18). The medullary canal of the specimen can be either grafted 
with autologous fibula/iliac crest graft or packed with demineralized bone 
matrix. The irradiated bone will act as a scaffold over which osteoblasts from 
adjacent native bone invade by creeping substitution.

	3.	 Vascularized fibular grafting: It is an ideal technique to use in intercalary defects, 
particularly if the defect length is more than 12 cm. Unfortunately, the procedure 
needs specialized training and a microvascular team. In the absence of such 
facilities in the developing world, vascularized fibular graft is used less.

	4.	 Allograft reconstruction: With increase in hip arthroplasty even in countries like 
India, the availability of allograft has increased. On the contrary, the availability 
of strut allograft is still low. We use morselized allograft (with or with nonvascu-
larized fibula) in intercalary reconstructions and in achieving joint arthrodesis 
following excision of bone sarcomas. The use of a resorbable mesh to hold the 

Fig. 25.15  Endogenous 
prostheses used in 
low-income, resource-
challenged situations for 
limb salvage
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allograft is a useful cost-effective technique (Fig. 25.19). The fibular struts are 
usually held by locking plates. In fact the advent of angular stable locking plates 
has encouraged surgeons to go for very close resections [21].

	5.	 Turnoplasty: In huge lesions involving large segments of distal femur or proxi-
mal tibia, there is a paucity of available graft. Nonvascularized fibula is usually 
insufficient. In such patients, coronal half of the femur (for proximal tibial 
lesions) or coronal half of the tibia (for distal femoral lesions) is used as a sliding 
autograft to arthrodese the knee. It provides a broad surface of contact with good 
healing (Fig. 25.20). The procedure is called turnoplasty and is popular in coun-
tries with poor facilities to store allografts. [Editor’s note: this was described by 
Enneking and is known as a resection/arthrosis in the USA.]

	6.	 Von Nes rotationplasty: It is another biological option of tumor reconstruction. 
In this procedure, the tumor is excised along with its soft tissue cover leaving 

Fig. 25.16  Three-year postoperative 
radiograph of a 15-year-old with 
osteosarcoma of the distal femur, showing 
good arthrodesis of the knee using a 
nonvascularized fibular graft
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only the neurovascular bundle, and the distal part of the limb is rotated and 
reimplanted to the proximal segment and plated. This procedure is useful in sal-
vaging limbs which would otherwise undergo amputation. In the salvaged limb, 
the ankle joint will function like a knee joint, and hence the above-knee amputa-
tion is converted into a below-knee amputation. The advantage is that the energy 
consumption is less and the functional ability is more in the salvaged limb. The 
main disadvantage of this procedure is that it is cosmetically disfiguring and 
socially unacceptable to some sections of our population [22].

	7.	 Spacers: They are a common method to fill defects created by resection of 
malignant bone tumors. They play an important role as a large number of 
resected tumors are high volume and carry a significant risk of recurrence. 
Hence, spacers can provide as a means of temporary fillers till definitive sur-
gery is planned if the tumor doesn’t recur. There are many types of spacers 

Fig. 25.17  Four-year postoperative radiograph of 
the thigh in a 24-year-old (with Ewing’s sarcoma 
of the femur) showing a well-incorporated 
nonvascularized fibular graft
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a b

c d

e

Fig. 25.18  (a) Clinical picture of a 12-year-old with surface osteosarcoma of the distal femur. (b) 
Plain radiographs (AP and lateral views) showing the lesion. (c) The excised specimen (note the 
step cut osteotomy proximally). (d) Per operative picture of the irradiated tumor bone fixed using 
a locking compression plate (e). Nine months post-op radiograph of the patient showing union in 
progress both proximally and distally
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a b

Fig. 25.19  (a) Four-year postoperative radiograph in a 13-year-old with osteosarcoma showing 
good incorporation of morselized allograft and fibular strut using two locking plates. (b) Per opera-
tive picture showing the placement of morselized allograft over an absorbable mesh (in another 
patient). The mesh keeps the allograft in place and induces fibrosis

a b

Fig. 25.20  (a) Clinical 
picture of a huge 
osteosarcoma of the 
proximal tibia in a 
19-year-old boy. (b) AP 
radiograph of the same 
patient showing the lesion 
in proximal tibia. (c) 
Intraoperative picture of 
the patient showing the 
turnoplasty of distal femur 
being fixed by a locking 
plate. (d) Two-year 
postoperative radiograph 
showing good arthrodesis 
of the knee with union at 
the tibiofemoral junction
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which are used in the developing world. The commonest spacer we use is 
for proximal humeral tumors where savage of the rotator cuff is not possible 
and therefore is futile to use an expensive proximal humeral endoprosthesis 
(Fig. 25.21). Another useful technique of spacers is nail-cement spacer aug-
mented with a plate for rotational stability and is used to achieve arthrodesis 
(commonly of the knee). One or two stacked K-nails of length approximately 
20  cm more than the resection length are used so that they gain purchase 
of around 10  cm each in the proximal and distal bone. A plate with one-/
two-screw purchase in each bone is added to achieve rotational stability. The 
advantage of this technique is that it is simple, cheap, and less time consuming 
and the patient can be mobilized with support. As mentioned earlier, this tech-
nique is quite useful in high volume tumors where there is increased chance of 
wound breakdown. This procedure can be later revised to either arthrodesis or 
endoprosthetic reconstruction (Fig. 25.22).

c dFig. 25.20  (continued)
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25.5.1	 �Surgical Choices

In a developing country like India, the patients’ demands are low and economic 
constraints are high. Many patients prefer arthrodesis to amputation/rotationplasty 
when given an option. This is especially true in the pediatric age group as the par-
ents cannot afford a growing prostheses and children adapt well to an arthrodesed 
limb. Vascularized fibular graft augmented with autograft/allograft and a plate is the 
preferred technique of arthrodesis.

Fig. 25.21  Plain radiograph of 
the left shoulder and arm 
following excision of a 
chondrosarcoma of the proximal 
humerus in a 40-year-old man. 
The defect is filled with a spacer 
made of cement and a thick pin. It 
allows fairly useful movements of 
the elbow
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25.6	 �High Volume Tumors and Salvage

High volume tumors (volume > 500 cm3) are probably more common in India as 
compared to developed countries. As mentioned earlier, late presentations are com-
mon as people waste a lot of useful time with traditional forms of medicine before 
seeking allopathic treatment. Poverty, illiteracy, and distance of tertiary centers con-
tribute to delay in presentation. Limb salvage surgery becomes difficult in high 
volume tumors. The duration of surgery as well as the blood loss is increased. 
Moreover, reconstruction becomes difficult. Contrary to the popular expectation, 
recurrence rate seems to be unaffected by the volume of tumor if wide surgical mar-
gins are achieved [23]. As such, high-volume tumors are not a contraindication for 
limb salvage surgery if the surgeon is able to achieve wide oncological margins. 
However, they have a bearing over the method of reconstruction. If a tumor involves 

Fig. 25.22  Plain radiograph of a nail-plate-cement spacer after 
resecting an osteosarcoma of the distal femur in a 20-year-old boy
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most of the compartment, say a distal femoral osteosarcoma involving most muscle 
of the anterior compartment, it would be wise to go for either rotationplasty or 
cement spacer application so that definitive reconstruction such as endoprosthesis 
or arthrodesis can be performed at a later date.

25.7	 �Amputation for Musculoskeletal Neoplasms

As mentioned in the introduction, amputation probably is the most common surgery 
performed on bone sarcomas throughout the country. Reasons for considering 
amputation in a peripheral care center includes lack of training in limb salvage as 
well as the difficulty in procuring implants for limb salvage at a peripheral center 
where these procedures are rarely performed. Another important factor to consider 
is the general misconception that sarcomas do not fare well after limb salvage. In a 
referral center, amputation is generally considered only if limb salvage is not indi-
cated. Unfortunately, the number of sarcomas requiring amputation is higher than 
developed nations due to various reasons such as delay in seeking treatment, delay 
in referral, and unplanned primary procedures. Social factors do play a role in 
deciding for/against amputation, especially in children. It is well established that 
the Indian society considers a female child as “less precious” as compared to males 
as is evident from the high rate of female feticide in India [24]. It is not uncommon 
to find a parent who would press for limb salvage surgery in a female child who 
would require amputation because of difficulties in finding a marriage proposal for 
a girl with amputated limb. Counseling plays a huge role in addressing parental 
concerns in such cases.

25.8	 �Follow-Up Strategies and Surveillance

Follow-up of bone sarcoma patients is the most laborious task in the management of 
sarcoma patients in the developing world. Loss to follow-up is very high and hence 
recurrences are mostly non-salvageable. Illiteracy, ignorance, poverty, poor health-
care accessibility, and a lack of social support are the main reasons for such high 
losses. Most patients belong to lower economic class who migrate to cities from 
villages in search of job opportunities. Once operated, they become economically 
dependent upon others. We ensure follow-up by educating the patients and their 
guardians. We also collect the contact numbers of at least three close relatives or 
friends with whom the patient will be in touch. We routinely follow up our patients 
once in 3 months in the first 2 years, once in 4 months during the third year, once 
every 6 months over the fourth and fifth years, and once yearly thereafter. At each 
follow-up, patient will be assessed for wound condition, joint function, prosthetic 
complications, local recurrence, and systemic metastasis. Patients who receive adju-
vant therapy (chemotherapy/radiotherapy) are followed up more closely depending 
upon the institute’s protocol.
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25.9	 �Rehabilitation

Rehabilitation of sarcoma patients involves a team approach constituted by the mus-
culoskeletal oncologist, medical oncologist, radiation oncologist, counselors/social 
workers, physiotherapist, and occupational therapist. The role of nongovernmental 
organizations (NGOs) is pivotal in India. Most oncology centers have dedicated 
social workers who are actively involved in the rehabilitation process. Procuring a 
suitable prosthesis/orthoses could be challenging at times due to economic con-
straints. BMVSS (Bhagwan Mahaveer Viklang Sahayata Samiti) is a nonprofit 
organization which provides artificial limbs, calipers, and other orthoses free of cost 
to weaker sections of the society [25]. Several NGOs work closely with oncology 
centers not only helping the poor with medicines and implants but also rehabilitat-
ing them to become useful members of the society [26, 27]. However, rehabilitation 
of cancer patients gets little attention in peripheral centers lacking rehabilitation 
experts.

25.10	 �Soft Tissue Sarcomas

Most of the challenges in treatment of bone sarcomas remain relevant to soft tissue 
sarcomas as well. This section will deal with those challenges that are specific to 
soft tissue tumor management. Diagnosis of soft tissue sarcomas largely depends 
on the experience of the pathologist, and histological peer review is sometimes 
very essential [28]. Advanced diagnostic tools like immunohistochemistry, FISH 
(fluorescent in situ hybridization), and PCR (polymerase chain reaction) are not 
widely available throughout the country due to cost constraints. Hence, erroneous 
diagnosis is more frequent. Retrieving the slides of primary resection/biopsy for 
expert review is sometimes not feasible as the onus to get the slides is with the 
patient and he may decide not to do so because of the distance he needs to travel 
(say 1000 miles) or other factors. Infrequently, the slides could get lost in transit or 
the original specimen itself is discarded thus losing valuable data. A vast majority 
of soft tissue sarcomas are treated by general surgeons who do not have sufficient 
expertise in treating these tumors. Hence, unplanned excisions are quite common 
which result in higher risk of recurrence [29]. Most patients are referred to higher 
centers either after the histopathology of excised specimen confirmed malignancy 
or after local recurrence of tumor. As expected, tumor bed excision is more fre-
quent in a developing country like India compared to developed nations where 
guidelines and referral pathways are strictly adhered to. Chandrasekar et al. have 
reported that 59% of specimens following tumor bed excision had residual tumor 
[30]. Reconstruction after tumor bed excision is another challenge and many 
patients would require muscle flaps or skin grafts. It is not uncommon to find a situ-
ation when amputation is inevitable. Providing adjuvant therapy can be quite tax-
ing on the resources of the tertiary referral centers as the demand far exceeds the 
available resources. Certain centers are moving toward alternative options like 
perioperative interstitial brachytherapy instead of traditional external beam radio-
therapy [31]. Chemotherapy protocols also vary between different centers due to 
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lack of consensus [32]. Follow-up imaging is performed with USG (ultrasonography) 
instead of MRI (magnetic resonance imaging) to cut down the cost. Ultrasonography 
has a sensitivity and specificity of over 90 % in detecting recurrence with the added 
advantage that guided biopsy can be performed at the same sitting if recurrence is 
suspected [33].

�Conclusion

The current scenario of musculoskeletal oncology in India appears dismal due to 
various factors that can be grouped into three broad divisions—lack of infra-
structure, poverty, and ignorance of the patient. However, the future looks prom-
ising as existing oncology centers are becoming more efficient and new centers 
are coming up. The fact that these centers are growing only in metropolitan cities 
while the villages are lacking even in basic health care is analogous to a neo-
plasm growing exponentially in one part of the body while the rest of the body 
goes cachectic. The challenge to present-day musculoskeletal oncologists is to 
convert this neoplastic growth to generalized growth by metastasizing to nook 
and corner of the country and recruiting and training many more specialists. 
Hopefully, such “beneficial metastases” of musculoskeletal oncologists will hap-
pen in the near future.
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26.1	 �Introduction to Beijing Ji Shui Tan Hospital 
and the Department of Orthopedic Oncology Surgery

Beijing Ji Shui Tan (JST) Hospital opened to service in 1956 under the leadership 
of Professor Jimao Meng (president from 1957 to 1980). At the time of its founding, 
this hospital included a department of orthopedic trauma containing 300 beds and 
an orthopedics institute. Currently, Beijing JST Hospital has 1500 beds and 2500 
staff members and performs more than 40,000 orthopedics surgeries annually, 
including 1000 major orthopedics oncology surgeries. The departments of orthope-
dics cover the branches of spine, trauma, joint surgery, hand surgery, orthopedic 
oncology, pediatric orthopedics, and sports medicine. Beijing JST Hospital is the 
oldest and largest orthopedics-focused general hospital in China [1].

The diagnosis and treatment of bone and soft tissue tumors has been available at 
the Beijing JST Hospital since it was founded in 1956. This also was the first place 
in China to have standards for the diagnosis and treatment for bone and soft tissue 
tumors. In 1977, the orthopedic oncology division of Beijing JST Hospital became 
an independent division. In 1984, as the first department in China to specialize in the 
treatment of bone and soft tissue tumors, it was renamed as the Orthopedic Oncology 
Surgery Department. This department was also the first orthopedic oncology center 
in China to participate in the International Society of Limb Salvage (ISOLS). 
Professor Xianwen Song, a pioneer of orthopedic oncology in China, was the first 
chair of the Department of Orthopedic Oncology Surgery (1977–1985). As early as 
the 1950s, the department began to use bone allografts to treat bone tumors. In the 
1980s, based on a series studies, excision alcoholization replantation (EAR) [2–4] 
was founded and became the major limb salvage method in China given its low cost 
and simple equipment requirements [5]. The Department has treated more than 
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16,000 patients with bone and soft tissue tumors ever since. Annually, the total 
number of patients treated by the department is increasing by approximately 1000; 
this is calculated based on the hospitalized patients and excludes patients seen in 
consultation. After more than 30 years of development, the Beijing JST Hospital 
Orthopedic Oncology Department has become the leading orthopedic oncology 
center in China.

Since the founding of the department, the department has maintained an inde-
pendent medical record library containing images and follow-up data from all 
patients. In earlier days, registration books were primarily used for recording data 
(the medical record number, name, sex, age, diagnosis, tumor position, treatment, 
and follow-ups). Gradually, medical images were also recorded and maintained. In 
order to efficiently input information, the digital musculoskeletal tumor database 
was developed to include administrative information, clinical treatment, and scien-
tific research requirements. After extensive discussions and debate between sur-
geons and IT professionals, the database was gradually refined and contains a 
clinical and follow-up data entry query system, medical image entry query system, 
and a web-based database query system. As of July 1, 2014, the web-based database 
contained a total of 16,300 bone and soft tissue cases, including 10,541 primary 
bone tumor cases. This is the largest data collection in China and a valuable resource 
for bone and soft tissue tumor studies and treatment design for every new patient. 
The clinical information includes the diagnosis, location, imaging findings, method 
of surgical treatment, resection margins, reconstructive method, pre- and postopera-
tive adjuvant chemotherapy, and details of radiotherapy (if performed). The diagno-
sis field uses the latest version of the “World Health Organization bone and soft 
tissue tumor classification” to facilitate communication outside of the department. 
Considering the rapid pace of development and population mobility in China, and 
the potential for loss of follow-up, in the follow-up module, each patient’s national 
ID number, detailed address, emergency contact, and at least three mobile or fixed-
line phone numbers are included in addition to the name, sex, and age in the section 
for the patient’s demographic information. Any changes during follow-up must be 
updated, including all postoperative complications and information regarding recur-
rence, metastasis, re-treatment, and death, based on the standard follow-up results 
or the confirmation of professionals who have collected information from other 
sources. The website of this clinical and follow-up data entry system of the database 
is available at http://211.151.134.19/CMICasesV4/Default.aspx.

Medical imaging entry and query system is updated after patient discharge or 
completion of medical care. The system includes all preoperative and postoperative 
images, clinical photographs of patient posture, intraoperative photographs, and 
postoperative photographs of the specimens (overall and cross section) as well as 
pathological data for each patient at our hospital and also includes the patients’ 
images, medical documents, and pathological data previously collected at other 
hospitals. Notably, static images and also video recordings of standardized postures 
and recordings of the patients walking and performing other movements (e.g., grip 
strength measurement for wrist arthrodesis) are in accordance with evaluation crite-
ria based on the Musculoskeletal Tumor Society (MSTS) scoring systems. For 
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complex cases, preoperative designs and patient round meetings and a patient’s 
clinical document sign-out system have been kept for assessment and reevaluation 
of treatments. During the clinical sign-out meetings, senior doctors review the clini-
cal information of all patients who have been discharged within a 1-week period and 
verify the corresponding contents in the clinical and follow-up data entry query 
systems and medical image entry query system. The web-based database query sys-
tem of the digital musculoskeletal tumor database is updated in real time as the 
number of medical cases continues to increase. Each medical staff member inter-
ested in this database can log in to the website and search for information at 
http://www.sarcoma-jst.com (Fig. 26.1).

As the incidence rate of bone and soft tissue tumors is low, the data accumulated 
within the digital musculoskeletal tumor database of the Beijing JST Hospital is 
most valuable and provides a strong basis for clinical patient treatment and scien-
tific research.

26.2	 �Comprehensive Treatment of Primary Limb Sarcoma

Osteosarcoma is the most common primary malignant bone tumor and accounts 
for approximately 50% of the primary malignant cases in our database. In this sec-
tion, osteosarcoma is used as an illustrative example to introduce the comprehensive 
diagnostic and treatment strategies of our department with respect to primary limb 
bone sarcomas. Given its large population, China contains a large number of osteo-
sarcoma patients. The imbalance in regional economic development has led to vari-
ability in patients’ financial status and health insurance coverage. To date, the health 
insurance status and government health input remain far behind those of developed 

Fig. 26.1  The homepage of the Internet database query website
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Western countries. According to a 2013 statistical report on global health, the 2011 
total health expenditure of China only equaled 5% of its gross domestic product 
(GDP); the per capita health expenditure was 271 USD, which was far lower than 
that reported for Western countries. Doctors must choose the most appropriate treat-
ment plans based on their patients’ financial status and health insurance coverage. 
The number of new osteosarcoma cases in the Beijing JST Hospital Orthopedic 
Oncology Department is increasing annually. In 2012, we received 171 cases. If 
we calculate an incidence rate of three cases/million individuals, our department 
covers a population of 57 million, which is nearly double the population of Canada 
(Fig. 26.2).

Beijing JST Hospital began providing bone tumor treatment as early as the 1950s 
and closely followed the advanced treatment experiences reported from developed 
Western countries [6]. Since the 1970s, the department has pioneered osteosarcoma 
adjuvant chemotherapy and neoadjuvant chemotherapy in China, led by the osteo-
sarcoma surgery expert Professor Xianwen Song and the outstanding oncologist 
Yan Sun. Initially, patients were treated by the Orthopedic Oncology Surgery 
Department, and the patient management and interdepartment communication 
between the Orthopedic Oncology Surgery Department and Medical Oncology 
departments were rather poor. In addition, no oncologist specialized in chemother-
apy for bone sarcoma patients. Therefore, the treatment of Chinese patients with 
primary malignant bone tumors primarily depended on an orthopedic oncology sur-
gical team. The nonoperative managements, which included chemotherapy and 
post-chemotherapy evaluation, were mostly performed by surgeons from the 
Orthopedic Oncology Surgery Department. With the development of the Chinese 
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healthcare system, more medical oncologists now participate in these managements, 
particularly chemotherapy planning for patients with lung metastases. We are cur-
rently focusing on osteosarcoma lung metastasis studies and second-line chemo-
therapy studies. We reported the results of a regular thin-layer chest computed 
tomography (CT) examination and nodule analysis of 250 osteosarcoma patients 
from April 2008 to August 2011. Among these cases, 119 (47.6%) presented with 
small lung nodules (diameter < 5 mm) whereas 16 (13.4%) presented with dynamic 
changes in small lung nodules (size expansion or number increase) and were diag-
nosed with lung metastasis. Chemotherapy is a major influencing factor of survival. 
It is important to understand the crucial role of chemotherapy in osteosarcoma treat-
ment for it is a major influencing factor of survival. It is thus necessary to allow the 
participation of medical oncologists in osteosarcoma chemotherapy development, 
who are now available full time at our institution.

Surgery continues to hold a primary role in the multidisciplinary treatments. 
Limb salvage surgery includes two steps, tumor resection and functional recon-
struction, which respectively correspond with the oncology and orthopedics aspects. 
This surgery aims to completely resect the tumor (cytological tumor removal) and 
reconstruct the functional components of the musculoskeletal system (bone and soft 
tissue reconstruction). It is not permitted to minimize or decrease the tumor margin 
in order to maintain more useful structure to restore the limb function. It is impor-
tant to make an accurate presurgery plan for every case. The consequences of tumor 
recurrence include not only high risks of requiring amputation, significant patient 
suffering, and considerable medical expenses but also confer a much higher lung 
metastasis rate upon patients relative to those without recurrence. Most osteosar-
coma patient deaths are due to lung metastasis. Therefore, we can only consider the 
quality of life after ensuring survival. If survival cannot be ensured, it would be 
pointless to discuss perfect function. We are currently conducting a study regarding 
the accuracy of evaluation with conventional imaging modalities and factors influ-
encing the extent of intramedullary extension of primary malignant limb bone 
tumors. We are also researching the surgical margin characteristics of different loca-
tions, including invasion of osteosarcoma within the joint, and margin restudy for 
recurrent cases, to establish a surgical margin evaluation system.

The incidence rate of malignant bone tumors is low, and the treatment centers are 
too scattered. It is very difficult even for large tumor centers such as the Beijing JST 
Hospital to accumulate a large case series for one specific malignant bone tumor in 
a relatively short period of time. Therefore, the entire bone tumor surgical treatment 
should be performed under guidance from specialized bone sarcoma treatment cen-
ters. Further regulation of the diagnostic, treatment processes and multicenter coop-
eration are necessary to ensure the suitable treatment for more bone sarcoma 
patients. Seventeen Chinese osteosarcoma treatment centers led by the Beijing JST 
Hospital Orthopedic Oncology Surgery Department have organized and analyzed 
documents from 1998 to 2008. The results revealed a total of 2015 osteosarcoma 
patients, of whom 64.7–100% accepted neoadjuvant chemotherapy with an average 
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acceptance rate of 77%. An additional 8–35.3% accepted adjuvant chemotherapy 
with an average acceptance rate of 18%. The 5-year survival rate ranged from 37.5 
to 77.6%, with an average of 64%. The 5-year disease-free survival rate ranged from 
34.8 to 69.7%, with an average of 56.0%. According to these results, the inadequate 
attention to chemotherapy in the absence of a relatively uniform treatment proce-
dure is a very important issue associated with osteosarcoma treatment in China.

In order to improve the diagnosis and treatment of classical osteosarcoma in 
China, the Chinese Society of Clinical Oncology (CSCO) osteosarcoma profes-
sional committee and the Chinese Anti-Cancer Society sarcoma professional com-
mittee organized a panel of related experts in the osteosarcoma field, led by Professor 
Xiaohui Niu, present chair of Orthopedic Oncology Surgery Department, Beijing 
JST Hospital. This panel released the nationwide guideline-like document entitled 
“The Consensus on Diagnostic and Treatment of classical osteosarcoma in China” 
[7]. This document aimed to improve the rate of accurate diagnosis of osteosarcoma 
in China as well as to decrease the recurrence rate, increase the survival rate, avoid 
misdiagnosis and nonstandard treatment, and decrease the waste of medical 
resources. Accordingly, the following describes the osteosarcoma clinical diagnos-
tic and treatment procedure in the Beijing JST Hospital Orthopedic Oncology 
Department.

The standard diagnostic procedure for all suspected osteosarcoma patients 
should include a physical examination, imaging studies of the primary lesion (X-ray, 
local magnetic resonance imaging (MRI), and/or contrast-enhanced computed 
tomography scan), bone scan, chest imaging (chest CT is the preferred detection 
modality for lung metastases), laboratory tests (routine blood, lactate dehydroge-
nase, and alkaline phosphatase levels), biopsy for histological diagnosis, and, 
finally, osteosarcoma staging determination. Positron emission tomography-
computed tomography (PET-CT) could be considered for tumor staging and assess-
ment of tumor response although it is recommended. The surgical staging system 
proposed by the Musculoskeletal Tumor Society (MSTS) is recommended for stag-
ing determinations. High-dose methotrexate (MTX), ifosfamide (IFO), adriamycin 
(ADM), and cisplatin (CDP) are recommended regimens. Sequential or combined 
drug administration can be considered as the route of administration. More than two 
drugs should be selected for each patient and administered arterially or intrave-
nously (MTX and IFO are not suitable for arterial administration). The recom-
mended dose ranges are MTX, 8–10 g/m2 (2w); IFO, 15 g/m2 (3w); ADM, 90 mg/
m2 (3w); and CDP, 120–140 mg/m2 (2w). The preoperative chemotherapy durations 
range from four to six cycles (2–3 months). Following resection of the tumor and 
where satisfactory tumor necrosis is noted on postoperative pathology, patients 
should resume the same chemotherapy plan. Following tumor resection where poor 
tumor necrosis is noted on postoperative pathology, patients should be treated with 
a different chemotherapy plan or increased chemotherapeutic doses.

The following surgical principles are held: (1) the surgery should achieve a wide 
or radical margin; (2) in certain cases, amputation may provide better local tumor 
control; (3) limb salvage surgery should be performed if good function is anticipated 
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after the operation; (4) good chemotherapeutic efficacy is the premise of limb sal-
vage surgery; and (5) postoperative rehabilitation is needed for both amputation 
and limb salvage cases. The suitable conditions for limb salvage surgery include: 
(1) IIA tumors, (2) IIB tumors with effective chemotherapy, (3) lack of impor-
tant neurovascular bundle involvement, (4) good intact soft tissue coverage, and 
(5) better anticipated function with the salvaged limb than with a prosthetic limb. 
Distant metastasis is not an absolute contraindication for limb salvage. Suitable 
conditions for amputation include: (1) amputation requested by the patient, (2) IIB 
tumors with ineffective chemotherapy, (3) involvement of important neurovascular 
bundles, (4) lack of bone or soft tissue reconstruct conditions after limb salvage 
surgery, and (5) better anticipated function with prosthetics than with the salvaged 
limb. A patient with stage III disease is not a contraindication for amputation. The 
postoperative surgical margin and tumor necrosis rate evaluation include: (1) the 
specimen’s surgical margins, which are defined as wide in every direction, and (2) 
histological tumor necrosis rate assessment (Huvos method). Follow-up should 
begin immediately after treatment completion. In the first 2 years postoperation, 
follow-up should be conducted every 3 months, every 4 months in the third year, 
every 6 months in the fourth and fifth years, and annual follow-up from the sixth 
to the tenth years. Each follow-up includes a comprehensive physical examination, 
local X-ray detection, bone scan (when necessary), chest imaging (chest CT), and 
a functional evaluation.

26.3	 �Soft Tissue Sarcoma Treatment

In China, some patients with soft tissue tumors are treated in general surgery depart-
ments owing to the interdepartmental and hospital culture and tradition in China. 
Therefore, our database contains more bone tumor cases than soft tissue tumor 
cases, although the incidence of soft tissue tumors is much higher than that of bone 
tumors. In our database, the bone–soft tissue distribution of 14,617 bone and soft 
tissue tumors and the benign–malignant distribution and malignant-type distribu-
tion of the 9200 bone tumor cases are shown in Figs. 26.3, 26.4, and 26.5.

We do not have mature multidisciplinary treatment for soft tissue sarcomas. We 
do not use neoadjuvant radiation for its high complication rate, but adjuvant radia-
tion for soft tissue sarcomas with marginal margins. For the development and lower 
complication rate of precise radiation, we are trying to carry out neoadjuvant radia-
tion therapy. Adjuvant chemotherapy is only considered for soft tissue sarcomas 
located under deep fascia, diameter >5 cm, high-grade malignancy with high risk of 
metastasis, or patients with metastasis.

It is absolutely important to make presurgery plan and get wide margins in order 
to reduce the local recurrence. There is a professional surgeons team for soft tissue 
reconstruction after soft tissue tumor resection in our center. We are looking for-
ward to establish the standard multidisciplinary treatment for soft tissue sarcoma 
patients.
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26.4	 �Surgical Margin Evaluation System

As noted by Enneking, suitable surgical staging systems are not only used to clarify 
the prognosis but also to direct the treatment. Enneking first raised this issue and 
suggested solutions, thus introducing a system for surgical margin evaluation [8]. 
However, because the criteria were not sufficiently detailed, there were limitations 
in its clinical application, and it was unable achieve the following objectives: (1) to 
determine the smallest surgical margin for local control, (2) to determine safe and 
relatively small surgical margins following preoperative adjuvant therapies, (3) to 
determine the effects of neoadjuvant therapies and the impact of aggressive of 
tumors on the extent of surgical margin reduction, and (4) to determine the best 
preoperative plan via multidisciplinary treatment and evaluate the postoperative sur-
gical margins. Related preventive treatments are required to obtain a local control. 
To increase the utility of Enneking’s surgical staging system, Kawaguchi et al. [9, 
10] proposed the following steps: after preoperative chemotherapy, determinations 
of the position and size of the tumor and its relationships with important anatomical 
structures can be made based on the imaging studies. Subsequently, the surgical 
tumor resection margins can be designed (i.e., the length of normal bone and soft 
tissue that requires resection). After performing surgery according to the preopera-
tive plans, surgeons should evaluate the surgical margins of the resected specimen 
in order to determine the actual surgical margins achieved by the operation. Through 
numerous studies and investigations, our department has developed an effective pre-
operative planning and postoperative evaluation system.
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Prior to each limb salvage surgery, an initial preoperative plan should be for-
mulated. The development of this plan should be based on an analysis of the 
X-ray, CT, and MRI findings. This analysis should be combined with the imaging 
results obtained both before and after neoadjuvant chemotherapy in order to 
determine the position and size of the tumor and its relationships with the sur-
rounding anatomical structures. The tumor resection surgical margins can then be 
designed to include the length of normal bone and soft tissue that will be removed 
(Figs. 26.6, 26.7, and 26.8).

After surgery, a strict evaluation process is applied to the resected tumor speci-
men. This evaluation includes both fresh and formalin-soaked tumor specimens. 
Photographs of the longitudinal and the cross sections are taken in the areas with the 
smallest margins where detailed documentation is required. Some tumor specimens 
requiring further histological evaluation are transported to the pathology depart-
ment. Attention should be paid to specimen distortion resulting from formalin fixa-
tion. The detailed procedure is as follows: (1) photography of the fresh specimen 
within the first hour after surgery. These photos include at least six views, including 
the front, back, inner, outer, distal, and proximal views (Figs.  26.9 and 26.10). 
Additionally, some key areas of the surgical margins require close-up photographs. 

Fig. 26.6  Left distal femur osteosarcoma in a 21-year-old male; evident cortical bone destruction 
revealed in a pre-chemotherapy X-ray image
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(2) On the first day after surgery (i.e., 1 day after formalin fixation), the specimen is 
cut horizontally or vertically (according to the requirements of the surgeon who 
resected the tumor). The resected specimen is then soaked in formalin overnight 
(Figs. 26.9 and 26.10). (3) On the second day after surgery, the specimen is sec-
tioned in the axis perpendicular to that performed on the first day. Next, the entire 
specimen is organized according to horizontal and vertical sections and evaluated 
comprehensively (Fig.  26.11). If inadequate margins are suspected at a certain 
point, the specimen is sectioned in a perpendicular axis to investigate any such 
suspicion. Each section is illustrated in figures. Each section is documented in pho-
tographs that are used for the evaluation of margins at a department postoperative 
conference.

Fig. 26.7  Clear soft tissue mass as demonstrated on computed tomography
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In the evaluation system we have adopted, limb salvage treatment mainly includes 
four types of surgical margins: the radical margin, wide margin, marginal margin, and 
intralesional margin. Among these, the curative wide margin (curative margin) indi-
cates that the distance from the surgical margin to the tumor-reactive zone is >5 cm 
(tissue contraction resulting from formalin fixation should be taken into account). 
Compared with the curative margin, the wide margin is inadequate but remains out-
side of the reactive zone. The wide margin can be further divided into adequate and 
inadequate wide margins. The adequate wide margin is a type of surgical margin with 
a distance of ≥2 cm from the reactive zone. The recurrence rate with wide margins is 
low but theoretically remains higher than the rate with radical margins. In fact, the 
effect of the adequate wide margin is as good as that of the curative wide margin; this 
may be due to effective radiotherapy or chemotherapy. The marginal margin refers to 
the surgical margin passing through the reactive zone. A sarcoma with a thick enve-
lope can be easily separated from the surrounding tissues. This surgical margin is 
referred to as a marginal margin. When stripping is performed within the capsular-like 
tissue that is closely adherent to the tumor, the surgical margin is considered an intra-
lesional margin. With some exceptions, marginal resection has a very high local recur-
rence rate. An intralesional margin refers to the surgical margin passing through the 
tumor parenchyma. Clinically, local recurrence is inevitable if intralesional resection 
margin is obtained in the setting of malignant primary bone tumors.
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Fig. 26.8  Vastus medialis, joint capsule, incisional biopsy tract, vastus intermedius, and vastus 
lateralis (figure text). Preoperative surgical treatment plans (horizontal and vertical)
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Fig. 26.9  Specimen photographs, from top to bottom: front, back, medial side, lateral side, distal 
end, and proximal end. The fresh specimen photographs are on the left side and the formalin-
soaked specimen photos are on the right side
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Fig. 26.10  Postoperative multi-sectional specimen study and surgical margin evaluation
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Fig. 26.11  Vastus medialis, vastus lateralis, outline of expected resection margin, and joint cap-
sule (figure text). Postoperative surgical margin evaluation and specimen-based comparison with 
preoperative planning
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Regarding the process of evaluating the actual surgical margin, our margin evalu-
ation group arrived at consensus on the following points regarding the surgical mar-
gin evaluation: (1) when surgical margin evaluation is performed on cross sections, 
intervals are converted into the corresponding tissue thicknesses in order to con-
struct a specific distance between the tumor and the surgical margin. (2) Thin fascia 
is considered equivalent to 2 cm thickness of normal tissue; thick fascia to 3 cm 
thickness of normal tissue; articular cartilage to 5 cm thickness of normal tissue; 
and the synovium, pleura, or peritoneum is considered equivalent to 5 cm thickness 
of normal tissue only if the underlying lesion is not visible through the tissues. If the 
surgical margin extends beyond the fascia and normal tissue exists between the 
tumor and the fascia, this fascia should be calculated as equivalent to 5 cm thickness 
of normal tissue regardless of the actual fascia thickness. (3) The tissue thickness 
from the reactive zone to the resection margin is calculated as 1 cm if it is <1 cm, as 
2 cm if it is between 1 and 2 cm, and so on. (4) Regarding the surgical cure rate, the 
surgical margin should be determined according to the shortest distance among all 
resection edges in the specimen because the resection edge with the shortest dis-
tance usually determines the local control rate of the entire operation.

Previously, Enneking introduced the oncological concepts to the field of bone 
tumor treatment and initiated a new era of bone tumor treatment. The surgical mar-
gin evaluation method proposed by Kawaguchi et al. quantified the surgical con-
cepts introduced by Enneking. In our center, we thoroughly learned the rationale of 
this method and its implications on clinical work. However, we have found issues 
with this method. For example, the risk factors associated with the same tumor in 
different anatomical locations were not discussed in detail, despite this factor being 
significant in clinical work. We are currently conducting further investigations into 
these issues.

26.5	 �The Development of Limb Reconstruction After Bone 
Tumor Resection

Since the introduction of chemotherapy in the 1970s, limb salvage surgery has grad-
ually become more popular in the management of extremity malignant bone tumors. 
In the 1980s, limb salvage surgery became a mainstream approach. The ideal recon-
structive method for extremity bone defects after malignant bone tumor resection 
has been a long sought-after goal of orthopedic oncologists. The major limb salvage 
methods include excision alcoholization replantation, endoprosthetic replacement, 
allograft transplantation, and allograft prosthetic composite. All of these methods 
have advantages and disadvantages. The current experience of the Beijing JST 
Hospital with respect to the above-listed methods is depicted in Fig. 26.12.

In the early twentieth century, scholars attempted different methods to inactivate 
bone tumors and conduct autologous replantation. In the 1960s, Beijing JST 
Hospital invented the excision alcoholization replantation (EAR) method. During 
that period of time, the bone allograft transplant reconstruction was limited by poor 
availability and tissue-matching difficulties. Additionally, prosthetic implants 
required a long manufacturing time and were very expensive. The excision 
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alcoholization replantation method had been extensively used in China because of 
its affordability and advantages with respect to matching. However, excision alco-
holization replantation was associated with a high rate of postoperative complica-
tions, including inactivated bone nonunion, inactivated bone fracture, internal 
fixation fracture, joint instability, and postoperative infection. With the development 
of prostheses and other techniques, the clinical use of excision alcoholization 
replantation, which has a relatively poor overall function rating, is increasingly lim-
ited (Fig. 26.13).

2715 Limb salvage procedures

EAR
357

Massive allograft
492

Prosthesis
1866

Fig. 26.12  Case 
distributions of different 
limb salvage methods. 
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Fig. 26.13  Numbers of cases treated with the excision alcoholization replantation method
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The Beijing JST Hospital has reported 191 cases of excision alcoholization 
replantation limb salvage treatment with completed follow-up documents from the 
period of 1965–2003. These cases included 102 male and 89 female patients with 
an age range of 10–62 years and a median age of 20 years. The postoperative fol-
low-up durations ranged from 1 to 372 months with a median follow-up duration of 
32 months. Fifty-two of these cases died. Besides the tumor factors, the total com-
plication incidence rate was 50.3%; local complications included nonunion in 33 
cases (17.3%), inactivated bone fractures in 39 cases (20.4%), infection in 39 cases 
(20.4%), internal fixation fracture in 15 cases (7.9%), and joint instability or sublux-
ation in 5 cases (2.6%). The 5-year survival rate associated with inactivated bone 
was 55%. The satisfaction rate according to the Mankin function evaluation crite-
rion was 50.3%.

For a long period of time, allograft transplantation has been used as an effective 
method for bone defect reconstruction. Its advantages include abundant sources, 
numerous shape and size options, host bone to allograft healing, shaping ability, 
ligament reattachment and reconstruction, and viable articular surfaces. Since the 
1950s, the Beijing JST Hospital has used large bone allograft to reconstruct bone 
defects resulting from bone tumor resection. For historical reasons, the documents 
from some early cases were lost and were therefore not included in the statistical 
analysis (Fig. 26.14). The allogeneic bones were initially preserved by the addition 
of chemical agents, but since the end of 1991, cryopreservation has been used for 
bone preservation.

The Beijing JST Hospital has reported 149 well-documented cases with more 
than 1 year of follow-up that involved the application of cryopreserved allogeneic 
bones (fresh frozen) for the treatment of bone defects resulting from bone tumor 
resections [11–13]. These cases included 82 male and 67 female patients. Their ages 
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Fig. 26.14  The numbers of cases treated via the bone allograft method in previous years
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ranged from 12 to 65 years with an average age of 22.3 years. The reconstruction 
methods included 91 cases of one-half joint transplantation, 13 cases of one-quarter 
joint transplantation, 11 cases of allograft prosthetic composite, 19 cases of large 
bone allograft transplantation, 12 cases of diaphyseal allograft transplantation, and 
3 cases of pelvic allograft transplantation. The average follow-up duration was 33.6 
months with a satisfaction rate of 74.5%, a recurrence rate of 11.4%, a mortality rate 
of 5.3%, and a final limb salvage rate of 93.3%. The complication incidence rate 
was 46.3%; including infection (11.4%), nonunion (24.2%), internal fixation frac-
ture (6%), instable joint (8.7%), and bone fracture (7.4%). According to our experi-
ences, the en bloc bone allograft transplantation reconstruction method is associated 
with a high complication rate. The complication rate decreases as the bone allograft 
size decreases, leading to better limb function. Infection and nonunion are the major 
complications. Following en bloc allograft reconstruction, the limb requires brace 
protection and non-weight-bearing while walking for a period of time. The early-
stage limb function is poor and therefore cannot provide a high quality of life. If an 
oncological issue such as distant metastasis or local recurrence occurs, the patient 
will not have the benefit of limb salvage. For long-term survival patients, late-stage 
complications (e.g., fracture and infection) are more crucial issues that threaten the 
patients’ quality of life (Figs. 26.15, 26.16, and 26.17).

With the evolution of limb salvage techniques and rapid growth in endoprosthe-
sis manufacturing technology, the application of endoprosthesis for bone defect 
reconstruction following malignant bone tumor resection is becoming the preferred 
choice. Since the 1970s, the Beijing JST Hospital has incorporated an endoprosthe-
sis reconstruction method (Fig. 26.18). However, endoprosthetic replacements were 
not used extensively during the years immediately following their introduction 
because of the limited economic development and consequent high cost. To date, 
although surgeons can select either imported (Western countries) or domestic endo-
prosthesis, this method remains an expensive choice for some patients because of 
the economic imbalances and imperfect health insurance system in China 
(Figs. 26.19, 26.20, and 26.21).

The Beijing JST Hospital reported 84 cases of primary endoprosthetic replace-
ment reconstruction around the knee area, including 65 cases of distal femur and 19 
cases of proximal tibia. These cases included 47 male and 37 female patients. The 
average patient age was 27 years (range: 10–75 years). There were 60 cases of 
osteosarcoma, with an average follow-up period of 22 months (range: 3–43 months). 

Fig. 26.15  An 11-year-old male who underwent treatment for a right distal tibia osteosarcoma. 
Left to right: X-ray images before and after chemotherapy, CT, and MRI images
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Fig. 26.16  Photographs of the tumor resection and bone allograft reconstruction surgery

Fig. 26.17  Postoperative X-ray and specimen images
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Fig. 26.18  The numbers of cases treated via the artificial joint method in previous years

Fig. 26.19  A 17-year-old female with a right distal femur osteosarcoma. X-ray images before and 
after chemotherapy, computed tomography images, magnetic resonance images, and a preopera-
tive plan for resection with wide margins

Fig. 26.20  Intraoperative photographs
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Eight of these cases (9.5%) developed wound complications. Three cases (3.6%) 
experienced wound nonunion, which were cured after local debridement. Five cases 
developed deep wound infections (5.9%): two of these cases were cured following 
several debridements, two developed recurrent infection after debridement and 
finally underwent amputation, and one underwent prosthesis removal after debride-
ment followed by surgery for antibiotic bone cement temporary spacer implanta-
tion. This latter patient was cured after a staged endoprosthesis replantation.

Regarding the cases involving aseptic loosening or fracture of a prosthesis, we 
attempted to apply an intramedullary fixed short-stemmed cemented prosthesis, 
the bottom of which features biological coatings that can be fixed in an extra-
medullary fashion to the distal end of the remaining host bone. Short-term effects 
showed to be good, but further follow-ups are needed (Figs. 26.22, 26.23, 26.24, 
and 26.25).

Allograft prosthetic composite comprises a prosthesis that is surrounded and 
fixed by a large bone allograft. This method can be used for large-scale bone 
defect reconstruction around the knee joint, proximal humerus, and proximal 
femur. Theoretically, the combination of a bone allograft and endoprosthesis 
should be more effective than a single prosthesis considering soft tissue reat-
tachment reconstruction. This method can prevent joint dislocation with best 
function. The fusion of allograft and host bone can reduce stress on the host bone 
and avoid bone absorption. However, this strategy leads to the superimposition 

Fig. 26.21  Postoperative X-ray images and specimens

Fig. 26.22  A 40-year-old female with bone giant cell tumor of left proximal femur and performed 
mega prosthesis reconstruction
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Fig. 26.23  Mega prosthesis loosing after 16 years later

Fig. 26.24  Intraoperative photographs of revision with short-stemmed cemented prosthesis and 
extra medullary biological fixation

Fig. 26.25  X-ray of postoperation and follow-up 8 months later
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of the complication rates associated with both methods. Therefore, we hold a 
prudent attitude when selecting an allograft prosthetic composite.

26.6	 �Computer Navigation System in Limb Sarcoma 
Resection and Reconstruction

The surgical treatment of bone tumors should fulfill the requirements of both 
oncology and orthopedics, i.e., complete resection of tumors with safe surgical 
margins to avoid oncological treatment failure and orthopedic reconstruction nec-
essary for postoperative function. Currently, in the division, tumor imaging in 
preoperative bone tumor surgical planning is mainly based on the experience of 
surgeons, followed by designs of tumor prostheses without incorporating current 
digital technological advantages. Digital images could be fully utilized to achieve 
accurate tumor resection and functional reconstruction, such as computer-aided 
navigation. The navigation could provide: (1) a precise design based on the pre-
operative computed tomography (CT) and magnetic resonance (MR) image-based 
detection and determination of the tumor resection area, (2) simulations and 
reconstruction designs of the bone defects resulting from tumor resection via 
“mimics” and other design software, and (3) the registration of operative images 
and their fusion with preoperative images to achieve navigated and precise tumor 
resection and reconstruction.

At present, computer navigation can be applied to the entire diagnostic and 
treatment process associated with bone tumor surgery, from biopsy, preopera-
tive planning, surgery, to postoperative evaluation, including the resection of 
pelvic tumors, surgical margin determination during extremity tumor curettage 
surgery, the precise localization of bone tumors with complicated anatomical 
locations, minimally invasive surgery (Figs. 26.26, 26.27, and 26.28), and the 
preoperative planning and operative implementation of tumor mega prostheses 
(Figs.  26.29, 26.30, 26.31, 26.32, 26.33, and 26.34). Evidence-based studies 
have demonstrated that the two most crucial reasons for pelvic tumor surgical 
failure are recurrence and complications. The navigation technology can pre-
cisely illustrate the three-dimensional configurations of tumors, thus helping to 
minimize the post-resection recurrence rate. This technology has an incompa-
rable advantage in terms of surgery within the pelvic region (details are dis-
cussed in the pelvic tumor part). Extremity tumor curettage surgery is primarily 
used in benign and intermediate tumors or occasionally low-grade limb chon-
drosarcoma, such as the extended curettage treatment of giant bone cell tumors. 
Other than surgeon’s experience, with assistance from computer navigation, 
surgeons could clearly determine the curettage regions, or any remaining areas 
of tumor during surgery, and preserve as much normal bone as possible. Osteoid 
osteomas usually occur on the diaphysis of long bones. Repeated scans are com-
mon during surgery because of the lack of anatomical landmarks. CT-guided 
radiofrequency ablation is also constrained by the non-sterile conditions of the 
CT room and cooperation with the anesthesiology team. The use of navigation 
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Fig. 26.26  A 35-year-old male with a right distal femur parosteal osteosarcoma; preoperative 
X-ray, computed tomography (CT) images, and navigated preoperative resection design

Fig. 26.27  Surgical margins of the tumor under operative navigation, bone allograft preparation 
under navigation, bone allograft transplantation, and specimen resection
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Fig. 26.27  (continued)
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Fig. 26.28  Postoperative X-ray and CT images

Fig. 26.27  (continued)
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Fig. 26.29  A 16-year-old male with a right proximal femur osteosarcoma; preoperative X-ray, 
computed tomography, and magnetic resonance images
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Fig. 26.30  Tumor resection and total hip joint reconstruction under operative navigation

Fig. 26.29  (continued)
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Fig. 26.30  (continued)

Fig. 26.31  The postoperative specimen and a postoperative X-ray image

Fig. 26.32  A 31-year-old male with a right middle-distal femur osteosarcoma
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Fig. 26.33  Preoperative three-dimensional osteotomy and special prosthesis design

Fig. 26.34  Operative navigation, preoperative magnetic resonance image, preoperative planning, 
postoperative specimen, and X-ray image comparison
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solves not only the above-described issues but also provides confidence to the 
surgeon regarding precise tumor resection. The patient can undergo simultane-
ous minimally invasive radiofrequency ablation under navigation.

In situations where special tumor prostheses require a high degree of matching, 
the use of navigation covers the entire process of preoperative tumor surgical mar-
gin determination, prosthesis design, surgical simulation, and the actual surgery.

26.7	 �Treatment Strategy for Malignant Pelvic Tumors

Although the incidence of malignant pelvic tumors is not very high, the prognosis 
of these tumors is much worse than those in the extremities. These tumors remain a 
considerable challenge for orthopedic oncologists. The Beijing JST Hospital has 
reported 366 well-documented cases of primary malignant pelvic tumors from 
March 1958 to October 2011 [14]. Among these, 221 were male and 145 were 
female patients, with a male to female ratio of 1.52:1. The age of onset ranged from 
8 to 73 years, with median and average ages of 39.0 and 38.3 years, respectively. 
Additionally, 215 of the cases were chondrosarcoma, 69 were osteosarcoma, and 31 
were Ewing’s sarcoma. Region I was the tumor predilection site, and 148 cases 
were observed in this region. Among these cases, chondrosarcoma was the most 
common type (73 cases), followed by osteosarcoma (33 cases). Fifty-five cases 
occurred in region II; these were primarily chondrosarcoma (31 cases), osteosar-
coma (17 cases), and malignant fibrous histiocytoma (6 cases). Fifty-two cases 
occurred in region III, including 39 cases of chondrosarcoma and 5 cases of osteo-
sarcoma. We have listed the numbers of pelvic tumor cases throughout the years as 
listed in the digital musculoskeletal tumor database in Fig. 26.35.
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Fig. 26.35  The numbers of pelvic tumors treated in our institution
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The staging system for bone and soft tissue tumors was firstly developed by 
Enneking in the 1980s and has been globally accepted as a bone tumor treatment 
guideline. The most brilliant part of this system involves surgical margin determina-
tion. If surgical treatment achieves certain margins, the local tumor control rate will 
be effectively increased. However, Enneking had considered the complexities of 
pelvis tumors as early as the period during which he developed his staging system. 
He did not believe that a surgical staging system intended for extremity tumor stag-
ing could be applied to the spine and pelvis. Therefore, the evaluation of the safe 
pelvic tumor resection regions remains an unresolved question. Not all malignant 
pelvic tumor resections require subsequent functional reconstruction. However, as 
the pelvis performs the function of lower limb weight transmission and is an impor-
tant structure in the maintenance of normal working abilities, in many cases recon-
struction can provide potential limb functional recovery. Given the complex stress 
distribution in the pelvic region, each different type of current reconstruction meth-
ods addresses certain issues, and there is no currently well-accepted reconstruction 
method.

The Beijing JST Hospital has reported a retrospective study of 79 well-
documented patients with primary malignant pelvic bone tumors who were 
treated from October 1992 to July 2007. Of these, 23 had stage IB disease and 56 
had stage IIB disease. For these patients, the follow-up duration ranged from 0 to 
183 months with an average of 28.6 months. The minimum follow-up duration 
for surviving patients was 4 months. Of the 70 limb salvage cases, 28 and 42 
patients did and did not undergo reconstruction, respectively. Additionally, there 
were nine amputation cases. The postoperative Musculoskeletal Tumor Society 
(MSTS) functional scores of the non-reconstruction patients ranged from 2 to 30 
points with an average of 15 points. The postoperative MSTS functional scores 
of reconstruction patients ranged from 5 to 29 points with an average of 15 
points. Twenty-five cases developed local recurrence (31.6%), of which 3 had 
stage IB disease (13.0%) and 22 had stage IIB disease (39.3%, P  =  0.023). 
Twenty-one limb salvage patients (30.0%) and four amputation patients (44.4%) 
developed recurrences. Patients with inadequate intralesional resection or mar-
ginal resection margins had a local recurrence rate of 38.1%. However, patients 
with wide adequate resection margins had a local recurrence rate of 6.3% 
(P = 0.014).

Generally, for region I tumors, functional reconstruction is unnecessary if the 
integrity of the pelvic ring still exists. Patients with tumor in this region usually 
have good postoperative function (Figs.  26.36, 26.37, 26.38, and 26.39). Not 
many malignant tumor cases involve region III alone, but if a safe resection can be 
achieved via region III resection alone, postoperative reconstruction is unneces-
sary and the patient can obtain good postoperative functioning (Figs. 26.40 and 
26.41). However, some patients with this tumor type may still experience back 
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Fig. 26.36  An 8-year-old male with left iliac Ewing’s sarcoma; post-chemotherapy X-ray and 
magnetic resonance images that illustrate a clear tumor region

Fig. 26.37  The extensive resection region during preoperative planning

Fig. 26.38  Intraoperative photographs of the lateral and medial sides of the ilium and the sacral 
osteotomy plane after tumor resection
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discomfort due to the concentration of stress on the sacroiliac joint. The challenge 
of functional reconstruction after malignant pelvic tumor resection is primarily 
associated with region II lesions. Following region II lesion resection, the hip 
joint exhibits structural damage and lower limb function is severely affected. The 

Fig. 26.39  Photographs of the lateral side of the specimen, including the sacroiliac joints and the 
specimen cross section along the axis of the acetabulum. Postoperative X-ray image

Fig. 26.40  CT and MRI images of a 40-year-old male with epithelioid angiosarcoma
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reconstruction method for region II + III defects is similar to that for single region 
II defects. In recent years, we have incorporated computer-aided navigation tech-
nology into the preoperative surgical margin design, precise intraoperative resec-
tion, and post-resection reconstruction of many complex malignant pelvic tumor 
surgeries. We can design precise surgical margins based on preoperative imaging 
data and surgical margin rules. We are subsequently able to match these preopera-
tively designed borders with the exposed surgical field to identify the suitable 
surgical margins. Using this strategy, we can achieve the required surgical 

Fig. 26.41  Resection of pelvic region III without reconstruction. Photographs of specimen and 
X-ray of postoperation and follow-up 28 months later
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margins and fulfill the tumor resection requirements. Furthermore, we can retain 
larger amounts of normal tissues to allow better and simpler reconstructions and 
maintain more function. When treating region II malignant pelvic tumors, for 
which a portion of the acetabular region can be retained after the resection, com-
puter-navigated resection is applied, followed by total hip joint replacement and 
reconstruction (Figs.  26.42, 26.43, and 26.44). For the reconstruction of com-
bined region II + III defects, we have applied iliofemoral fusion and iliac arthro-
plasty (Figs. 26.45 and 26.46), which can lead to fewer postoperative complications 
but may cause limb length inequality. Recently, we have attempted to treat pelvic 
region II + III defects using reconstruction methods that involve the femur upward 
rotation and fusion with remain ilium or sacrum and bone allograft via internal 
fixation. With this strategy, we can address both the issue of limb shortening and 
the nonuniform load transfer between the femoral head and sacroiliac joint. 
Furthermore, the area of contact between the autologous and bone allograft will 
increase, thus promoting the healing process (Figs. 26.47, 26.48, and 26.49).

Fig. 26.42  A 33-year-old male with a chondrosarcoma in the left pelvic region II; preoperative 
X-ray, computed tomography (CT), and magnetic resonance images

Fig. 26.43  Operative navigation images and postoperative specimen cross sections

X. Niu and H. Zhao



547

Fig. 26.44  Postoperative X-ray images immediately after surgery and at 48 months after surgery; 
postoperative CT image

Fig. 26.45  X-ray, CT, and MRI of a 13-year-old boy with osteosarcoma of left iliac II + III regions
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Fig. 26.46  Resection of pelvic II + III regions with hip joint fusion. Photographs of specimen and 
X-ray of postoperation and follow-up 57 months later

Fig. 26.47  A 43-year-old male with a top left acetabular chondrosarcoma; preoperative X-ray, 
computed tomography (CT), and magnetic resonance images
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In particular, we should indicate that overemphasizing bone defect reconstruc-
tion following malignant pelvic tumor resection may lead to two undesirable ten-
dencies: first, an emphasis on reconstruction while discounting resection margin 
and an emphasis on short-term functioning while discounting long-term follow-up 
will result in oncological treatment failure; second, despite successful tumor resec-
tion, excess reconstruction will increase the risk of complications and place the 
entire surgical treatment process at risk. Following pelvic tumor resection, recon-
struction methods mainly include biological and mechanical reconstruction. 
Biological reconstruction refers to the use of autogenous and allogeneic bone grafts, 
excision alcoholization replantation, or a direct end–end fusion method for post-
tumor resection bone defect reconstruction. The objective of biological reconstruc-
tion is to achieve bone healing and a durable long-term reconstruction. Although 
bone allograft and excision alcoholization replantation are the best morphological 
reconstruction methods, the associated complication rates are very significant. 
These complications mainly include infection, resorption, nonunion, allograft reac-
tion, and fracture. The good functioning associated with these methods is predicated 
on uncomplicated bone healing, which cannot be achieved by most patients. 
Furthermore, new complications will continuously emerge over time. Recently, we 
have less frequently used bone allograft and excision alcoholization replantation. 
Prosthetic reconstruction refers to the use of metal prostheses for post-tumor resec-
tion bone defect reconstruction. Although computer simulation-designed prostheses 

Fig. 26.48  Operative navigation images and photographs of the postoperative specimen and its 
cross sections
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have potential advantages because of their simple components and reasonable fixa-
tions (e.g., vertical compressive stress, bone ingrowth into coatings, inner cylindri-
cal bone fixation), the persistence and frequency of surgical complications continue 
to raise concerns. To date, there have been no reports of satisfactory long-term fol-
low-ups resulting from this procedure. Given the above reasons, we prefer to con-
duct more simple and effective biological reconstructions under the premise of 
guaranteeing adequate tumor resection margins.

For patients with large tumors that have invaded major blood vessels and for 
which safe surgical resection margins cannot be achieved, external hemipelvectomy 
remains the most preferred treatment plan. However, for some patients with 

Fig. 26.49  Postoperative full-length X-ray and CT images
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contamination in the posterior flap area, anterior flap external hemipelvectomy 
remains the preferred method (Figs. 26.50, 26.51, and 26.52). Resection and recon-
struction remain the basic stages of pelvic tumor treatment. Resection aims to 
remove tumors based on safe surgical margins in order to prevent tumor spread and 
reduce mortality, whereas functional reconstruction aims to improve the patient’s 
quality of life.

In conclusion, the surgical treatment of malignant pelvic tumors is still quite 
challenging. This procedure is not only associated with high local recurrence and 
complication rates but also with a high perioperative mortality rate and low long-
term survival rate.

Fig. 26.50  A 30-year-old male with a recurrent left pelvis chondrosarcoma following a second 
operation. Positional photograph before the third operation; preoperative magnetic resonance 
image and surgical margin design; preoperative X-ray and computed tomography (CT) image

Fig. 26.51  The anterior and posterior incision photographs during the anterior flap external hemi-
pelvectomy and the related anterior and posterior surgical photographs

26  A Multidisciplinary Approach to Sarcoma in Beijing



552

26.8	 �The Treatment Strategy for Malignant Sacral Tumors

The incidence of primary malignant sacral tumors is low. Beginning in the 1970s, 
Beijing JST Hospital initiated surgical treatment for the sacral tumors in China, thus 
breaking the former convention that a sacral tumor represented a surgical contrain-
dication. With the tumor database, we identified data from sacral tumor cases 
throughout the years (Fig. 26.53). There were 165 cases of chordoma, 154 of which 
occurred at the sacrum (93.33% of the total number). Chordoma is the most com-
mon primary malignant sacral bone tumor. As such, the following discussion uses 
chordoma as an example. The Beijing JST Hospital reported 68 cases of sacral 
chordoma from October 1978 to October 2000, involving 60 male and 8 female 
patients. The patients’ age ranged from 25 to 74 years with a median age of 55.5 
years. There were 104 related surgeries. There were 48 primary cases were initially 
treated in our department and 20 secondary recurrent cases. In terms of the tumor 
surgical margins, there were 4 cases of wide resection (8.3%), 21 cases of marginal 
resection (43.7%), and 23 cases of intralesional resection (48.0%). The follow-up 
period ranged from 1 to 365 months with an average of 81.84 months. Overall, 53 

Fig. 26.52  Sutured incision photographs during the operation; postoperative X-ray image; speci-
men cross section photographs
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cases survived (77.9%) and 15 cases died (22.1%). Seven of the deceased patients 
died during the perioperative period; these represented 46.7% of all deceased cases. 
The 5-year and 10-year overall survival rates were 87.3% and 73.3%, respectively. 
The median survival duration was 282.0 ± 88.7 months. Additionally, 34 intrale-
sional resection cases (81.0%) and 8 marginal resection cases (36.4%) developed 
recurrences (P = 0.000).

Chordoma is a primary low-grade malignant sarcoma that is insensitive to radio-
therapy and chemotherapy. As such, the primary treatment is surgery. Therefore, the 
crucial part of chordoma treatment is precise tumor resection according to perfect 
resection margins. However, chordoma usually occurs on the sacrum. An additional 
focus of attention is the maintenance of the normal uninvaded sacral nerve function 
while achieving satisfactory surgical margins. In recent years, to address these con-
flicting issues, we have applied computer navigation technology during the preop-
erative planning and intraoperative resection stages of sacral chordoma resection 
surgery and have achieved excellent results. The improvements in imaging tech-
nologies allow the implementation of preoperative three-dimensional reconstruc-
tion, computed tomography (CT) and magnetic resonance (MR) image fusion, and 
precise tumor region evaluation. Intraoperative navigation technology allows visu-
alization of the precise tumor resection plan and assists the surgeon in achieving the 
preoperatively designed orthopedic tumor resection margins; in some cases, this 
allows the achievement of a marginal or wide resection and thus reduces the risk of 
recurrence.

Each computer-navigated sacral tumor resection surgery requires an initial preop-
erative plan, for which X-ray, CT, and MR image analyses are needed to determine 
the location and size of the tumor and its structural relationships with the surround-
ing tissues. This preoperative plan can also be designed so that the surgical tumor 
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resection margins include the normal soft tissue intended for removal and the oste-
otomy plane design. Together with the preoperative plan, real-time navigation can be 
used during surgery to complete the tumor resection. After surgery, the resected 
tumor specimen should be compared with the preoperative plan and subjected to a 
strict evaluation of how accurately the preoperatively plan was adhered to. The 
detailed procedure is as follows: (1) collection of the original CT and MR data/
images of the sacral tumor (Fig. 26.54). (2) Uploading DICOM-formatted original 
CT and MR data into a dedicated computer navigation system workstation and fusion 
of these data. As CT is superior with respect to bony tumor margin determinations 
(i.e., extent of bony destruction) and MR is superior with respect to soft tissue tumor 
margin determination, a combination of both imaging techniques can provide good 
illustrations of both bony and soft tissue tumor margins (Fig. 26.55). (3) Based on the 
precisely imaged tumor margins obtained from the CT-MR fusion, we can mark the 
bony and soft tissue tumor regions on the CT images. Meanwhile, we can construct 

Fig. 26.54  A 49-year-old male; preoperative computed tomography and magnetic resonance 
images of a sacral chordoma; simulated bone and soft tissue surgical margins for wide resection
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a three-dimensional tumor model from the CT DICOM data in order to better appre-
ciate the real tumor configuration (Fig. 26.56). (4) Using the three-dimensional posi-
tioning of navigation symbols (screw tools), we can ensure and mark the closest bone 
and soft tissue tumor resection margins. The preoperative plan is shown in Figs. 26.57 
and 26.58. (5) The navigation system is activated during surgery and introduces the 

a

b

Fig. 26.55  (a) CT and MR images and (b) their fusion

Fig. 26.56  The three-dimensional tumor model after marking the tumor borders
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completed preoperative plan from the navigation workstation into the intraoperative 
navigation system. CT is used to localize and scan the tumor region during surgery. 
The intraoperative CT images are fused with the preoperative CT images to complete 
a unified composite representation of the navigated preoperative design and 

a

b

Fig. 26.57  (a, b) Layer by layer completion of the soft tissue tumor borders; positions of the 
screws were marked

a

b

Fig. 26.58  (a) Fifteen millimeter from the highest intra-bone point of the tumor; marked screws 
were horizontally placed on the sacrum. (b) The smallest intra-bone and soft tissue resection mar-
gins were completed
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intraoperative real-time navigation data (Fig.  26.59). (6) Intraoperative real-time 
navigation can complete the determination of the sacral tumor and soft tissue mar-
gins and facilitate surgery completion (Figs. 26.60, 26.61, and 26.62). (7) Finally, a 
comparison of the postoperative specimen and CT images with the preoperative 
design and completion of the specimen surgical border evaluation will confirm 
adherence to the preoperative plan (Fig. 26.63).

Fig. 26.59  Activation of the navigation system during surgery; computed tomography (CT) local-
ization and scan of the tumor region; the fusion process of intraoperative and preoperative CT 
images

Fig. 26.60  Intraoperative real-time navigation of the soft tissue tumor resection margin determi-
nation; a comparison with the postoperative specimen
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Fig. 26.61  Determination of the sacral osteotomy level and comparison with the three-dimensional 
tumor images

Fig. 26.62  Determination of the sacroiliac joint osteotomy level and comparison with the three-
dimensional tumor images
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Fig. 26.63  Comparison of the sagittal and transverse cross sections of the specimen with the 
preoperative design; comparison of the postoperative computed tomography image with the preop-
erative design
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27Is It Reasonable for Orthopedic 
Surgeons to Do Chemotherapy 
for Patients with High-Grade Bone 
Sarcoma? A Paradigm for Treatment 
Individualization

Wei Guo, Lu Xie, and Jie Xu

27.1	 �Introduction

Malignant mesenchymal tumors arising from the bone and soft tissue, also known 
as sarcoma, are relatively rare forms of cancer and often require treatment with 
surgery, chemotherapy, radiation therapy, and other adjuvant treatments. Sarcomas 
are heterogenous groups of diseases, thus their treatments and patients outcomes are 
different. Doctors make their decisions for those particular patients according to the 
pathological diagnosis, stages, and general conditions. Musculoskeletal tumors are 
rare diseases. Let’s take the most common disease for example: osteosarcoma. 
Osteosarcoma is classified as an orphan disease, with an overall incidence of 0.2–
3/100,000 per year (0.8–11/100,000 per year in the age group 15–19 years) in the 
EU [1]. From the perspectives of pathologists, correct diagnosis requires abundant 
experience with pathological microscopic findings combined with clinical and 
radiographic features. Osteosarcoma is defined as a primary malignant tumor of the 
bone in which proliferating neoplastic cells produce osteoid and/or bone, if only in 
small amounts. This histological principle defines a tumor that usually affects young 
males more frequently than females and disproportionately involves the long bones 
of the appendicular skeleton. However, osteosarcoma is not a single disease but a 
family of neoplasms, sharing the single histological finding of osseous matrix pro-
duction in association with malignant cells [2]. The majority (i.e., 75%) of cases are 
relatively stereotypical from the demographic, clinical, radiographic, and histologi-
cal points of view. These tumors generally occur in the metaphyseal portion of the 
medullary cavity of the long bone and are referred to as conventional osteosarcoma. 
This group is subclassified by the form of the dominant matrix present within the 
tumor, which may be the bone, cartilage, or fibrous tissue, correspondingly referred 
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to as osteoblastic, chondroblastic, and fibroblastic osteosarcoma. The remaining 
25% of cases have unique parameters that allow reproducible identification of 
tumors biologically different from conventional osteosarcoma and are referred to as 
variants. The parameters identifying variants fall into one of three major groups: (1) 
clinical factors, (2) histological findings, and (3) location of origin (e.g., within or 
on the cortex). Because of their inherent biological difference from conventional 
osteosarcoma, the variants identify cases which must be excluded from the analysis 
of data pertaining to the treatment of the majority of cases. Sometimes it is really 
difficult for even senior pathologists to give a correct or accurate diagnosis. In 
China, it is quite common for clinicians to confirm or even correct errors in diagno-
sis based on their clinical experience.

Moreover, current management for osteosarcoma comprises preoperative (neo-
adjuvant) chemotherapy followed by surgical removal of all detectable disease 
(including metastases) and postoperative (adjuvant) chemotherapy, preferably 
within the setting of clinical trials [3]. Preoperative chemotherapy is generally 
administered for a period of about 8–10 weeks prior to surgery. Following surgical 
resection and a brief lapse to allow for wound healing, postoperative adjuvant che-
motherapy is continued for a period of another 12–29 weeks [4]. However, for neo-
adjuvant chemotherapy, 8–10 weeks is an obscure concept. When should we stop 
delivering the chemotherapy and prepare to do the operation is a question which 
needs to be discussed. Different patients and different subtypes of the osteosarcoma 
have different sensibilities to chemotherapy. Should each tumor center use a single 
preoperative chemotherapy strategy to treat those different people? During neoadju-
vant chemotherapy, there are some situations that require clinicians to actively inter-
vene, such as when tumor progression occurs during treatment.

Recently, most chemotherapy regimens used for osteosarcoma have been based 
around four drugs: high-dose methotrexate (HDMTX) with leucovorin rescue, 
doxorubicin (Adriamycin), cisplatin, and ifosfamide [5]. These agents were inte-
grated into various chemotherapy protocols. Most current protocols include a period 
of preoperative (neoadjuvant) chemotherapy, even though this has not been shown 
to add a survival benefit over postoperative (adjuvant) chemotherapy alone [6]. The 
extent of histological response to preoperative chemotherapy, however, offers 
important prognostic information. Nowadays, from the perspective of pathological 
evaluation, during neoadjuvant chemotherapy, the tumor cell necrosis rate>90% for 
osteosarcoma can be seen in only 50–70% according to literature [1, 4, 7], which 
means there are around 30–50% patients who don’t respond well to preoperative 
chemotherapy. For those patients, how can we identify them in a timely fashion and 
operate or intervene earlier? Clinicians who are also orthopedic surgeons may have 
advantages in doing this.

Osteosarcoma combined with pathologic fracture is also a difficult condition 
which needs to be handled properly. Different situations often imply a completely 
different prognosis [8]. For example, osteosarcoma of extremities with pathologic 
fracture due to minor trauma prior to treatment, in which the fracture heals during 
neoadjuvant chemotherapy, might benefit from preoperative chemotherapy and 
could acquire a more favorable prognosis. Those patients needed to be immobilized 
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appropriately and started on preoperative chemotherapy with close observation in 
case of displacement or other orthopedic situations happened. When pathologic 
fractures happened during neoadjuvant chemotherapy without obvious trauma, this 
may indicate the tumor is responding poorly to chemotherapy and might need surgi-
cal intervention immediately. The right time and appropriate intervention measure 
might be handled better under the direct care of orthopedists specialized in muscu-
loskeletal tumor.

27.2	 �Bone and Soft Tissue Sarcomas Need Individualized 
Therapy and Multidisciplinary Cooperation

Chemosensitivity varies in different kinds of sarcoma, according to their histologi-
cal type. For some bone and soft tissue sarcomas, their histological features make 
them insensible to chemotherapy, for example, classical chondrosarcoma and some 
types of soft tissue sarcoma. There is no need to force these patients to go through 
chemotherapy. As noted for osteosarcoma, which is one of the most common types 
of bone cancer in children and adolescent, neoadjuvant chemotherapy followed by 
appropriate surgery and adjuvant chemotherapy has become the standard treatment 
in recent decades. For other kinds of sarcoma consisting of small round cells, such 
as Ewing sarcoma family of tumors and alveolar rhabdomyosarcoma, systematic 
chemotherapy may be more important than in other sarcomas. Soft tissue sarcoma 
(STS) is more complicated compared with bone sarcoma. The role of chemotherapy 
is controversial in STS. The decision of whether chemotherapy should be given is 
made according to the histology, clinical stages, tumor surgical margins, and the 
patients’ general conditions. Broadly speaking, therapy should be individualized.

The department of surgical oncology in China is an offshoot of the general sur-
gery department. Most medical oncology departments have been set up over the last 
40 years, but the number of doctors remain particularly small because of low inter-
est. In some remote provinces, there are even less than ten doctors with experience 
in musculoskeletal tumor. An appropriate medical team for sarcoma requires the 
engagement of surgeons, oncologists, radiologists, pathologists, and radiothera-
pists. In many hospitals, there are not enough doctors who majored in this area; thus 
surgeons, as the leading members in the whole medical team, are required to give 
chemotherapy. These surgeons became the precursor to chemosurgeons.

27.3	 �Classification of Chemosurgeons in China

There are two patterns of chemosurgeons in China. The first type is seen in the com-
munity or relatively small hospitals. Medical resources in China are concentrated in 
large hospitals, which have resulted in the serious lack of health-care resources for 
small communities. There are merely one or two professional surgeons in an entire 
province, let alone medical oncologists in these basic hospitals. Under this condi-
tion, these surgeons collaborate with oncologists specialized in other tumors, such 
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as gastric cancer or lung cancer, developing and providing care as best they can. 
This kind of chemosurgeon is both a surgeon and chemotherapist. Most of the time, 
they work as surgeons, but they also administer chemotherapy when necessary.

The second type of chemosurgeon refers to surgeons receiving years of training 
in medical oncology in addition to surgery and is more common. Larger hospitals 
are richer in various kinds of medical resources and have more trained and experi-
enced surgeons. As a result, they become more attractive to patients. For example, 
the incidence of osteosarcoma is merely three per million people, but in Peking 
University People’s Hospital’s Musculoskeletal Tumor Center, we perform more 
than 200 osteosarcoma operations per year. On the basis of a large number of 
patients, doctors in such a tumor center are expected to be more experienced and 
professional. Given its low incidence, neither surgeons nor medical oncologists who 
graduated from medical college with a doctor’s degree are familiar enough with this 
kind of disease. Sarcoma itself is complex and calls for years of special training. 
Residents with surgical degrees working in this tumor center are provided the 
opportunity to manage patients with these kinds of rare diseases and understand 
those diseases better than those residents with an ordinary oncological degree or 
internal medical degree. At Peking University People’s Hospital, for example, there 
are two wards in our institute, namely, the operation ward and the chemotherapy 
ward. Every doctor specializing in tumor surgery is trained in the operation ward for 
at least 3 years. After that, those who choose to be surgeons will be sent to the che-
motherapy ward and receive medical oncology training for at least 3 months and 
then return to the surgical ward. Those who choose chemotherapy as their career 
will receive medical oncology training for a longer time and remain in the chemo 
ward for their career. The latter are referred to as chemosurgeons. Both the surgeons 
and the chemosurgeons work in the same tumor center and hold morning rounds 
together to discuss the patient treatment plans weekly.

27.4	 �Diagnosis and Treatment Procedures for Bone and Soft 
Tissue Sarcoma in China

Once bone or soft tissue sarcoma is suspected based on clinical and imaging fea-
tures, patients diagnosed in community hospitals are advised to go to a professional 
multidisciplinary tumor center for further treatment, where doctors in multidisci-
plinary teams work together to make the patient’s overall treatment plan. Biopsy, 
which is a complex cognitive skill for the surgeon, often comes as the first step in 
the whole procedure. After the tumor is confirmed by pathology, treatment options 
and recommendations are made depending on several factors, including the type 
and stage of tumor, possible side effects, and the patient’s preferences and ECOG 
scores [9]. For this purpose, CT scan of the chest, whole-body bone SPECT, and 
sometimes PET-CT are indispensable. If the tumor is sensitive to some certain kind 
of drugs, and patient’s ECOG Performance Status is less than two, neoadjuvant 
chemotherapy before surgery is recommended to reduce the size of tumor or relieve 
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pain and other symptoms. This part of therapy will be done in the chemo ward 
where chemosurgeons are responsible for patient care. Chemosurgeons evaluate the 
benefits and the risks of drugs according to clinical manifestation, drug concentra-
tion, side effect, parameters in the lab, and changes in medical images and choose 
the best time to perform surgery.

When the patient recovers from chemotherapy, surgeons in the operation ward 
take over and select proper surgical methods balancing adequacy of oncologic 
resection, skeletal reconstruction, and functional outcome. For a tumor that can be 
surgically removed, clear oncological margin usually comes first. As soon as the 
patients recover from surgery, often 2 weeks later, they return to the same chemo-
surgeons to get adjuvant chemotherapy. This treatment regimen will be carefully 
selected considering their response to neoadjuvant therapy, necrosis rate, and tumor 
margin. Functional training after surgery will continue throughout the whole period 
of adjuvant chemotherapy, where chemosurgeons have a distinct advantage over 
ordinary medical oncologists. If necessary, chemosurgeons will discuss some 
patients’ cases together with surgeons about whether the patient may need to do 
local radiotherapy and when to do it. Then during or after adjuvant chemotherapy, 
the patients may be transferred to radiotherapy ward to receive further treatment.

During the whole course of treatment, patients stay in the same tumor center, 
although they are transferred between different wards. Surgeons and chemosur-
geons work together to observe and record the whole treatment course, thus facili-
tating them to formulate individualized strategy.

27.5	 �The Advantages of Orthopedists Doing Chemotherapy 
in China from the Perspective of Multidisciplinary 
Collaboration

	1.	 It allows the orthopedists to monitor the whole course of the treatment of sar-
coma, which will be beneficial for patients as their doctor to have an integrated 
and profound understanding of these diseases.

Following the implementation of chemotherapy in the 1960s, the treatment of 
high-grade osteosarcoma (OS) has made important progress [10]. However, sur-
vival rates continue to be unsatisfactory in the metastatic and recurrent setting. 
Long-term outcome for patients with high-grade osteosarcoma has improved 
with the addition of systemic chemotherapy. Modern, multiagent, dose-intensive 
chemotherapy in conjunction with surgery achieves a 5-year event-free survival 
of 60–70% in extremity localized, nonmetastatic disease [7]. According to 
Zhang et al. [11], the mean 2-year overall survival of osteosarcoma was 64% in 
China (ranging from 37.5 to 77.6%); limb-salvage rate was 79%; relapse rate 
was 9.1% (ranging from 0.8 to 22.0%). Due to the different kinds of medical 
education available in different districts of China and the complicated develop-
ment of musculoskeletal tumor centers, orthopedists provided chemotherapy for 
their patients in most hospitals.
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As professional orthopedists specializing in musculoskeletal tumor, it is valu-
able to observe patients throughout their whole treatment course for sarcoma. 
This would especially benefit those junior residents who wish to specialize in 
musculoskeletal tumors, for they would have an integrated and profound under-
standing of these diseases. Young surgeons can learn to perform safe and effec-
tive biopsy techniques, learn to deliver neoadjuvant chemotherapy, evaluate the 
clinical chemotherapy effect on these tumors, and then assist with the surgical 
resection. They can learn how preoperative chemotherapy or the biopsy should 
be done to minimize problems with obtaining wide surgical margins and to facil-
itate limb-sparing surgery. After surgery, they could choose appropriate therapy 
for those patients, such as adjuvant chemotherapy and/or radiotherapy. Through 
involvement with those surgeries, they know what kind of therapy might be more 
useful. The rationale for a multidisciplinary treatment approach requires collab-
oration and teamwork. This experience for residents specializing in orthopedic 
tumors in their early years under the supervision of senior doctors helps them to 
collaborate better in their entire medical career.

	2.	 It is more convenient for orthopedists to observe patients’ postoperative recovery 
in progress, guide the postoperative rehabilitation training, and notice local 
recurrence as early as possible.

After surgery, most patients are transferred to the chemotherapy ward to 
receive further treatment. There are lots of conditions which need to be managed 
by orthopedists. For example, observing the wound healing progress so as to 
choose most appropriate timing to deliver postoperative chemotherapy needs to 
be dealt with immediately after surgery and is managed better by professional 
orthopedists. If too early, the chemotherapy might interfere with wound healing, 
causing increased wound effusion (especially for patients with arthroplasty), 
while if too late, it would delay the systemic treatment.

During the first half year after surgery, patients usually stay in the chemo-
therapy ward or frequently visit oncologists. If those doctors have orthopedic 
knowledge, they could supervise those patients for postoperative rehabilitation. 
Even more, they could adjust the training program according to the patients’ 
chemotherapy course individually, which benefits patients more.

A total of 30–40% of patients with localized osteosarcoma will develop a 
local recurrence or distant metastasis [12]. Approximately 90% of relapses are 
lung metastasis, which usually occur in the first 2–3 years [13]. Osteosarcoma 
recurrences are associated with a rather poor prognosis [14]. Five-year overall 
survival (OAS) for recurrent osteosarcoma has been reported to be 23–29% (pul-
monary metastases only 28–33%) [15]. The outlook is considered to be extremely 
poor for patients who present with synchronous regional bone metastasis (skip 
metastasis), either in the primary bone site or transarticular [15]. During the first 
year after operation, patients are usually monitored with routine radiological 
reexamination in the chemotherapy ward. Orthopedists who do double as oncol-
ogists are better suited to discover early local recurrences or bone metastasis and 
to perform surgical interventions early for the purpose of improving prognosis.
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	3.	 Orthopedists could make more precise clinical and radiologic evaluations for 
patients who receive chemotherapy.

Up to now, standardized clinical evaluation for bone tumors’ response to 
chemotherapy has remained unclear. Some centers have used RECIST, which 
stands for Response Evaluation Criteria in Solid Tumor, to evaluate the effect 
of chemotherapy [16]. In the early 2009, RECIST 1.1 [17] was introduced and 
made some updates based on “the old RECIST,” which included changes in 
evaluation for the number of lesions, pathological evaluation of lymph nodes, 
further refining of curative effect, and so on. However, “RECIST 1.1” contin-
ues to have its limitation for bone sarcoma. Because most sarcomas are origi-
nated from the bone or involve the bone, the maximum diameter to measure 
may not be obvious. This is because osseous lesions won’t shrink as typically 
seen in soft tissue. Plus, sarcoma usually spreads by hematogenous seeding; 
lymph nodes are not as important as they are for other solid tumors. At the 
same time, there are many other osseous manifestations which were not 
included in the RECIST 1.1, for example, increase of ossification, bony shell 
formation of the tumor, emerging of sequestrum, and so on. Those imaging 
manifestations may easily be observed by professional orthopedists, and those 
orthopedic surgeons specialized in musculoskeletal tumor could make more 
precise clinical evaluation of neoadjuvant chemotherapy for patients with 
bone tumors.

	4.	 It may be more convenient for orthopedists to carry out other kinds of adjuvant 
therapy, such as arterial infusion chemotherapy.

The neoadjuvant treatment of osteosarcoma using intravenous agents has 
resulted in survival rates of 55–77% [18]. Most treatment plans used multiagent 
drugs with cumulative side effects that effectively limited the dose and duration 
of any one drug in the regimen. At the same time, there were no concentration of 
chemotherapy at the site of the primary tumor, and normal healthy tissues 
received chemotherapeutic doses equal to that of the diseased tissues. Based on 
these observations, dose-intensified intra-arterial (IA) cisplatin was administered 
in some tumor centers in China. This response-based regimen used arteriography 
to serially assess tumor neovascularity and treatment response. It required doc-
tors’ acquaintance with anatomy, limb ischemic preconditioning, and post-
conditioning knowledge. Thus, IA administration may be more appropriate for 
orthopedists specialized in oncology to carry out these clinical trials than con-
ventional oncologists.

27.6	 �The Disadvantages of Chemosurgeons Administering 
Chemotherapy

Like any other new endeavor, this training system and treatment pattern in China 
has its shortcomings. We must face these difficulties, bear the risks, and explore 
various means of solving these problems.
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	1.	 Chemosurgeons have some difficulties in dealing with combined treatment and 
adverse effects, for they lack long-term practice and experience working as 
physicians.

Chemosurgeons, who were trained in surgery while obtaining their MD, stay 
in the operation ward during their early residency, which means they lack long-
term education, practice, and experience working as physicians. Even in the 
same institute, the chemotherapy ward is always separated from the operation 
ward, with totally different medical environments. Chemotherapy, tracing its 
root, developed from internal medicine. The whole therapeutic procedure of che-
motherapy is long, precise, and individualized. Each chemotherapeutic drug has 
its unique characteristics, including pharmacokinetic pattern, dosage, adminis-
tration, adverse reaction, and so on. Patients should be carefully monitored for 
toxicity. Severe adverse reaction, such as myelosuppression, can be lethal. It is 
extremely dangerous for untrained doctors to deliver chemotherapy. Acute 
infusion-related reactions in some new drugs are very common. It has been 
reported that patients with osteosarcoma get more benefit using pegylated lipo-
somal doxorubicin than classic doxorubicin [19]. However, acute infusion-
related reactions of this new form of doxorubicin include flushing, shortness of 
breath, facial swelling, headache, chills, back pain, tightness in the chest or 
throat, and/or hypotension in up to 10% of patients [20]. Medications/emergency 
equipment to treat such reactions should be available for immediate use. And 
most important of all, the doctors should be familiar with those medications and 
equipment to make good use of them.

Adverse reactions, such as hand-foot syndrome, hepatic and renal function 
damage, hematologic toxicities, and stomatitis should be managed by dose delay 
and adjustments. Chemosurgeons, the so-called “midcareer” chemotherapists, 
are not familiar with these drugs so much as physicians, as a result of different 
priorities in the training system of surgeons and physicians. They lack experi-
ence in the use of chemo drugs, let alone in combined or compounded protocols, 
and sometimes are unprepared for various complications, especially for 
newcomers.

	2.	 Chemosurgeons are focused only on sarcoma, which may impair their ability to 
use new drugs or promising clinical trials.

The second question, which arises from the background of surgeons and the 
departments they belong to, is that chemosurgeons are unfamiliar with new drugs 
and treatments. Classically trained medical oncologists undergo a long term of 
training in different kinds of tumors, ensuring them a broad, general knowledge 
of cancer and antineoplastic drugs. Due to its low incidence, few pharmacologi-
cal companies are motivated to design new agents for sarcoma, which means the 
systematic treatment of sarcoma often must borrow treatments introduced for 
other types of cancer, such as lymphoma, leukemia, and lung cancer. 
Chemosurgeons specialized in sarcoma do not have training experience in other 
cancer, and consequently, the opportunities are limited to learn about new drugs 
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and other treatment methods. Thus chemosurgeons get fewer chances to take 
part in the development of new drugs, and what’s more, they become less com-
petitive in clinical trials and basic research.

For example, imatinib, the first tyrosine kinase inhibitor developed initially 
for CML and then for metastatic GIST, was first introduced in the treatment of 
musculoskeletal tumors in 2008 by Blay et al., who described the role of ima-
tinib in diffuse type tenosynovial giant cell tumor (TGCT), also known as pig-
mented villonodular synovitis (PVNS) [21]. Another promising drug, trabectedin, 
an alkylating agent that binds to the DNA minor groove, originally isolated from 
the Caribbean sea squirt Ecteinascidia turbinata, has demonstrated its efficacy in 
the treatment of liposarcoma and leiomyosarcoma, as well as synovial sarcoma, 
beginning in 2009 [22, 23]. Chemosurgeons have had little experience with these 
drugs, impairing their ability to participate in promising clinical trials.

27.7	 �Methods to Solve These Problems

To solve these problems, we should reevaluate chemosurgeons’ training proce-
dures or working mode as the first step. Given the two kinds of chemosurgeons in 
China as described above, those who choose chemotherapy as their career after 
years of training in the operation ward appear to be on a better pathway for 
chemosurgeons.

Better knowledge of operation methods and adequate training of surgical skills 
facilitate chemosurgeons to perform their own biopsies, give reasonable advice in 
the postoperative rehabilitation, and notice local recurrence as soon as possible. 
However, once they have finished the training in the operation ward, they are sent to 
the chemo ward in the same department, where they are unfamiliar with some basic 
medical oncological knowledge and techniques, including adjustment of dosage, 
combination of drugs, and the ability to deal with adverse effect. What’s more, an 
early insulation from other kinds of cancer with much higher incidence unfortu-
nately impairs their familiarity with new or existing medications used in other fields. 
To overcome this difficulty, those who choose chemotherapy as their future career 
should be sent to a more comprehensive tumor center to receive general medical 
oncology training in all kinds of tumor for several years and then go back to their 
own battlefield. On the other hand, chemosurgeons majored in sarcoma are expected 
to take a more active part in medical oncology associations and conferences in the 
future, to collaborate and communicate further with experts in other fields, through 
which they can get a better sense of new promising drugs and treatment methods.

Furthermore, closer cooperation between orthopedists and chemosurgeons is 
required. Both the orthopedists and the chemosurgeons should work in the same 
tumor center and hold morning meetings at least once a week to discuss the treat-
ment plan together. This close collaboration allows the orthopedists to monitor the 
whole course of the treatment of sarcoma and provides the chemosurgeons with 
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important surgical information, such as neoplastic gross manifestation, surgical 
margins, and so on. It will be beneficial to have a better understanding of the thera-
peutic strategy of patients, opening the windows to the meaningful individualized 
multidisciplinary treatment. Finally we all think that “chemosurgeons” are just a 
temporary phenomenon here in China in the long-time development of Chinese 
medical teams specialized in sarcoma. It is apparent that close team work is essen-
tial for sarcoma treatment. And we also think that with more years’ experience on 
clinical work, we will have more surgeons, oncologists as well as radiology doctors 
specially trained for sarcoma.
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28The Current Situation and Experience 
of Multidisciplinary Treatment of Soft 
Tissue Sarcoma in China

Chunlin Zhang, Zhongsheng Zhu, and Kun Peng Zhu

28.1	 �Introduction

STS are a heterogeneous group of rare tumors that arise predominantly from the 
embryonic mesoderm. STS has more than 50 distinct histological subtypes and 
occur in various anatomic locations in addition to the extremities, including the 
chest wall, retroperitoneum, and head/neck. Extremity soft tissue sarcomas exhibit 
numerous histological subtypes, with undifferentiated pleomorphic sarcoma, lipo-
sarcoma, leiomyosarcoma, synovial sarcoma, epithelioid sarcoma, and malignant 
peripheral nerve sheath tumor being among the most common subtypes in adults. 
They may be low or high grade and subcutaneous or deep in  location. The vast 
majority metastasize hematogenously, though select subtypes can also spread 
through the lymphatic system [1]. Although they are rare, accounting for less 1% of 
all malignant tumors, half of patients diagnosed will die from the sarcoma [2]. 
Patients typically demonstrate a median survival ranging from 11 to 18  months 
from the time of diagnosis with advanced disease [3].

Optimal management of soft tissue sarcoma relies upon an appropriately per-
formed biopsy, accurate diagnosis and staging, an effective surgical plan and execu-
tion, rational utilization of adjuvant therapies, and close surveillance following 
resection. This is best carried out at a tertiary care center with an experienced mul-
tidisciplinary team specializing in the care of sarcoma patients. The cancer multi-
disciplinary team (MDT) represents a new clinical model, capable of breaking the 
barriers between disciplines, exploring new ideas, and brainstorming with 
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colleagues from different specialties. Radiotherapy, chemotherapy, and surgery are 
the main methods of treatment of soft tissue sarcoma in China. Among these three 
treatments, whether used alone or combined, surgery remains the main method. For 
some highly selected cases, a small scale of resection of soft tissue sarcoma, with 
postoperative inside or outside irradiation, can reduce damage to important struc-
tures, preserving more function, without an increase in the local recurrence rate.

28.2	 �Clinical Presentation

The typical presenting complaint of a patient diagnosed with soft tissue sarcoma is 
that of a painless enlarging mass. Characteristics such as size greater than 5 cm, 
location deep to fascia, and rapid tumor growth are worrisome and should raise 
suspicion of a sarcoma. Appropriate workup of a suspected sarcoma should begin 
with a careful history and physical examination. Important elements of the history 
are duration of mass, rate of growth, pain, weakness or numbness, history of trauma, 
exposure to radiation or other carcinogenic toxins, personal or family history of 
cancer, and smoking history. Clinical symptoms and signs of sarcoma, apart from a 
mass effect, may include joint activity limitation and neurovascular compression. 
The examination should note the characteristics of the size, margins and consis-
tency of the mass, transillumination to rule out cyst, presence of pain with palpation, 
its anatomic compartment and location relative to the fascia and neurovascular 
structures, regional lymph node examination, and neurovascular examination of the 
affected extremity.

28.3	 �Imaging

Any patient in China with a suspected STS should be referred to a diagnostic 
center for triple assessment with clinical history, imaging, and biopsy. 
Radiographs of the affected extremity should be obtained and scrutinized for the 
presence and size of a soft tissue shadow, bony destruction, and intratumoral 
calcifications. Magnetic resonance imaging (MRI) is the necessary examination 
for evaluation of a potential soft tissue sarcoma, both for diagnostic characteriza-
tion and staging purposes to plan effective management. A soft tissue sarcoma 
will typically exhibit heterogeneous high signal intensity on T2-weighted images. 
There may also be substantial peritumoral edema. T1-weighted images best dem-
onstrate normal anatomy and its relation to the tumor and typically are relied 
upon for preoperative planning and surgery border. While the preferred method 
of imaging is MRI, other options including computerized tomography (CT) or 
ultrasound may be appropriate depending on local expertise. Patients with a con-
firmed STS should be staged with a high-resolution CT chest to exclude pulmo-
nary metastases and abdominal ultrasound to observe abdominal situation prior 
to definitive treatment [4]. Isotope bone scan is not recommended as routine 
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examination in China, as the incidence of bone metastasis is extremely low. CT 
abdomen and pelvis are included for myxoid liposarcomas and other sarcomas 
that can go to lymph nodes. There are several roles for FDG-PET in soft tissue 
sarcoma including: grading of tumors, initial staging, assessing response to neo-
adjuvant therapy, determining prognosis, and investigating potential local recur-
rence [5]. However, PET imaging cannot be recommended as a routine staging 
investigation in patients with STS because of its expense for most patients as it 
is not covered by medical insurance in China, although it is used in patients who 
can afford the cost.

28.4	 �Biopsy

A histological diagnosis is needed to guide treatment planning. The standard 
approach to diagnosis of a suspicious mass is core needle biopsy: it is quicker than 
open biopsy and cheaper, and morbidity is lower, while open incision biopsy has a 
high complication rate (12–17%) [6]. However, an incisional biopsy may be neces-
sary on occasion, and excisional biopsy may be the most practical option for super-
ficial lesions <5 cm diameter. The biopsy should be planned in such a way that the 
biopsy tract can be safely removed at the time of definitive surgery to reduce the risk 
of seeding and should be performed either at a diagnostic clinic or by a sarcoma 
surgeon or radiologist following discussion with the surgeon. In China, most biop-
sies are completed by the orthopedic surgeon, who will choose a core needle biopsy 
or open biopsy based on the location of the lesion and the surgeon’s preferences. 
X-ray or CT-guided biopsy can increase the accuracy of needle biopsy. In large 
tumor centers, needle biopsy has increasingly replaced open incision biopsy. We 
usually use 9G–11G needles for this purpose.

28.5	 �Staging

Information on tumor stage can help estimate prognosis and survival and plan man-
agement. Several systems are used to stage soft tissue sarcoma in the world. The 
most widely accepted STS classification system is the TMN system produced 
jointly by the American Joint Committee on Cancer (AJCC) (Table 28.1) [7], which 
includes information on both the grade and stage of the tumor. Although compart-
mental extent has not been shown to definitively affect prognosis, it is widely 
accepted as an important surgical consideration and is represented in the system 
described by Enneking and adopted by the Musculoskeletal Tumor Society (MSTS) 
(Table 28.2) [8]. We use the MSTS tumor grading system in our center. In China, 
medical oncologists like to use AJCC staging system, while surgeons prefer to use 
MSTS staging system. This is likely due to physicians being concerned about the 
patients’ systemic situation, while the surgeon mainly focuses on the scope and 
modalities of operation.
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28.6	 �Management Options

Limb salvage indications: (1) limb salvage surgery can obtain a satisfactory surgical 
border (margin), (2) important neurovascular bundle remains uninvolved, (3) soft tis-
sue coverage is obtainable, (4) preserved limb function is better than expected artificial 
limb (prosthesis), and (5) distant metastasis is not a contraindication for limb salvage.

Table 28.1  American Joint Committee on Cancer grading system (AJCC)

Tumor size

T1 5 cm or less

T2 >5 cm

Location

a Superficial

b Deep

Lymph nodes

N0 No nodal metastases

N1 Nodal metastasis present

Distant metastases

M0 No distant metastases

M1 Distant metastases present

Histologic grade

G1 Low

G2 Intermediate

G3 High

Group/stage T N M Histologic grade

IA T1a/b N0 M0 G1

IB T2a/b N0 M0 G1

IIA T1a/b N0 M0 G2,G3

IIB T2a/b N0 M0 G2,G3

III T2a/b N0 M0 G3

IV Any T N1 M1 Any G

Table 28.2  Musculoskeletal 
Tumour Society staging 
system/Enneking

Stage Grade Site

IA Low Intracompartmental

IB Low Extracompartmental

IIA High Intracompartmental

IIB High Extracompartmental

III Any Regional or distant metastases (or both)
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Amputation indications: (1) patient request or consent to amputation, (2) impor-
tant neurovascular bundle involved, (3) lack of reconstruction options for bone or 
soft tissue defects after limb salvage, (4) artificial limb function better than expected 
salvage limb, and (5) regional or distant metastasis not a contraindication for surgi-
cal amputation.

The major therapeutic goals are long-term survival, avoidance of local recur-
rence, maximizing function, and minimizing morbidity. Surgery is the standard 
treatment for all patients with adult-type, localized soft tissue sarcomas. It aims 
to excise the soft tissue sarcoma completely, along with a biological barrier of 
normal tissue, commonly accepted as 3–5  cm soft tissue. However, a tumor’s 
proximity to important anatomical structures such as nerves and blood vessels 
can make it difficult to achieve an acceptable tumor-free margin. In this situation, 
we must evaluate the resectability of a tumor by the surgeon in consultation with 
the MDT and decide the upon the surgical plan (Table 28.3) accord to the tumor 
stage, patient’s physical condition, risks of recurrence, morbidity of more radical 
surgery, and patient’s demands. For patients who have undergone surgery and/or 
have an unplanned positive margin, re-excision should be undertaken if adequate 
margins can be achieved. Advances in reconstructive techniques have enabled 
limb preservation in complex cases by use of pedicle flaps and free tissue 
transfers.

In some situations, amputation may be the most appropriate surgical option to 
obtain local control and offer the best chance of cure. The main indications for 
amputation are related to tumor size and extent, NV involvement, difficult soft 
and bone tissue reconstruction, unresectable recurrence, uncontrolled infection, 
and presence of fungating mass. Typically in patients with high grade, large, or 
recurrent disease, the tumors often affect anatomically important sites. They are 
likely to have poor long-term survival, and the need to relieve local symptoms 
such as pain or fungation may outweigh negative factors associated with 
amputation.

The benefit of adjuvant radiation therapy has been clearly demonstrated in the 
treatment of soft tissue sarcomas. Most intermediate- or high-grade soft tissue sar-
comas, large deep low-grade sarcomas, and incompletely resectable tumors that are 
close to important structures (such as nerves and blood vessels) are candidates for 
radiotherapy [10]. The effect of radiation is believed to be exerted by sterilization of 

Table 28.3  Classification of surgical margins in soft tissue sarcoma [9]

Type Surgical dissection Outcome

Intralesional Margin runs through the tumor Microscopic disease remains

Marginal Surgical margin runs through 
pseudocapsule or reactive zone

Tumor satellites remain in the 
reactive tissue—high local 
recurrence rate

Wide En bloc resection within the same 
compartment as the tumor with a cuff of 
normal tissue

May leave skip lesions—low 
recurrence rate

Radical En bloc resection of the entire 
compartment

No residual—minimal risk of 
local recurrence
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the tumor capsule, i.e., killing the microscopic extensions of the tumor. This both 
decreases the intrinsic risks of local recurrence and also permits the sparing of criti-
cal normal tissue structures with focal marginal resection planes. In general, a stan-
dard dose of preoperative radiation involves 50Gy delivered over a 5-week period. 
Surgery then follows after a 3–4-week “rest” period to allow the overlying soft tis-
sues to heal. Postoperative radiation doses are higher, approximately 65Gy deliv-
ered over 6–7 weeks, and are usually delivered after the wound has been determined 
to heal (usually at 3–6 weeks postoperatively).

The optimum timing of radiotherapy relative to surgery for soft tissue sarcoma of 
the extremities has been controversial since the 1980s. The difference in the rate of 
tumor recurrence and overall survival between preoperative radiotherapy and post-
operative radiotherapy are inconsistent from various reports, and both alternatives 
have benefits and drawbacks. Preoperative radiotherapy has the potential advantage 
of producing a better functional outcome than postoperative radiotherapy, due to 
smaller treatment volumes and lower doses, but the main disadvantage of preopera-
tive radiation is a higher risk of acute wound healing complications. The complica-
tions associated with postoperative radiotherapy include joint stiffness, edema, and 
pathological fractures; on balance we prefer postoperative radiotherapy.

The role of adjuvant chemotherapy in the management of soft tissue sarcoma of 
the extremities is controversial, particularly when comparing adjuvant chemother-
apy versus neoadjuvant chemotherapy, as the evidence for its use is conflicting. In 
general, these regimens are highly toxic and have failed to show long-term survival 
benefits. Different histological subtypes vary greatly to chemosensitivity so the 
decision of whether chemotherapy should be given is made according to the histol-
ogy, clinical stages, tumor surgical margins, and the patients’ general conditions. 
Broadly speaking, therapy should be individualized. Evidence showed that there are 
effective chemotherapy drugs for rhabdomyosarcoma, angiosarcoma, synovial sar-
coma, and liposarcoma [11], but there is a lack of large case reports or prospective 
clinical studies. Due to unbalanced development of musculoskeletal tumor centers 
in China and the complexity of soft tissue sarcoma chemotherapy, chemotherapy of 
soft tissue sarcoma may be administered by oncology physicians, although there are 
a few musculoskeletal tumor centers where surgeons administer chemotherapy 
themselves.

Currently, the first-line chemotherapy program in soft tissue sarcoma mainly 
includes 2–4 cycles preoperation: (1) MAID program:Mesna + ADM + IFO + DTI
C; (2) AIM program:ADM  +  IFO  +  Mesna; and (3) AC  +  IE program, 
(ADM + CTX) + (IFO + VP16) alternately. Second-line chemotherapy included: 
(1) GT program:GEM + TXT and (2) IEP program:IFO + VP16 + DDP.

Indications for neoadjuvant chemotherapy include: (1) chemosensitive soft tis-
sue sarcoma, (2) expected poor limb function, (3) waiting period before palliative 
surgery, and (4) isolated limb perfusion chemotherapy. Indications for adjuvant che-
motherapy include: (1) high-risk patients, (2) highly malignant tumor (G3), and (3) 
marginal resection of highly malignant tumor (including intraoperative tumor 
contamination).
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If neoadjuvant chemo tumor necrosis is less than 90%, we prefer to change to 
another chemo protocol. Isolated limb perfusion is used to treat melanoma. This 
treatment can be used to reduce tumor size to enable limb salvage procedures or for 
palliative treatment. It is widely used in Europe to treat soft tissue sarcoma of the 
extremities, but it is rarely used in China.

Following definitive treatment of a soft tissue sarcoma, it is very important that 
patients be followed closely for potential development of local recurrence or meta-
static disease in order to permit early detection and treatment. This reinforces the 
need for close surveillance, including regular history and clinical examination to 
look for local recurrence, with ultrasound or magnetic resonance imaging as needed. 
As most metastases are likely to occur within the lung, CT scanning of the chest at 
routine intervals for surveillance is indicated. In China, we recommend a CT scan 
of the chest every 3 months for the first 2 years postoperatively, every 6 months for 
the third year, and after once a year thereafter.

28.7	 �Multidisciplinary Approach in China

Management of soft tissue sarcomas requires a multidisciplinary approach which 
is also performed in China. Decisions about surgery, chemotherapy, radiotherapy, 
and the timing of all these modalities should be made by the sarcoma MDT. The 
sarcoma MDT members consist of orthopedics, medical oncology, general sur-
gery, radiology, pathology, interventional radiology, and other relevant depart-
ments to jointly establish a treatment group. MDTs are supported financially by 
the hospital’s leadership. In addition, we have set up a sarcoma MDT clinic to see 
patients as a team. The MDT holds regular meetings, usually once a month or 
when special, and emergent cases need to be discussed. The content of MDT 
meeting includes:

(1) Case presentations to confirm the treatment protocol for patients newly diag-
nosed, to review postoperative cases and recurrent cases, discuss patients not suit-
able for standard treatment, review difficult and complicated cases, and consider 
efficacy assessments

(2) Development of clinical practice guidelines for soft tissue sarcoma, updated 
yearly

(3) Education through the introduction of the latest developments in respective 
professional disciplines within the MDT project team members, in order to exchange 
information and share resource.

At our facility, the orthopedists (orthopedic oncologists) monitor the whole 
course of the treatment of soft tissue sarcoma. The team will take into account the 
tumor’s site, stage, the patient’s comorbidities, and treatment preferences. Limb 
salvage surgery combined with postoperative radiotherapy is standard treatment of 
limb and truncal tumors in China and achieves high rates of local control while 
maintaining optimal function. Our current protocols for the diagnosis and treatment 
of soft tissue sarcoma are summarized as flow charts. (Figs. 28.1–28.4).
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Fig. 28.1  Procedures of diagnosis and treatment of soft tissue tumor
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Fig. 28.2  Procedures of diagnosis and treatment for stage I soft tissue sarcoma
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Fig. 28.4  Procedures of diagnosis and treatment for recurrent or metastatic soft tissue sarcoma
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Fig. 28.3  Procedures of diagnosis and treatment for stage II and III soft tissue sarcoma
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28.8	 �Conclusion

	1.	 The use of limb perfusion in China is much less than that in Europe.
	2.	 Postoperative radiotherapy is performed more frequently than preoperative 

radiotherapy, different from Australia.
	3.	 Conventional chemotherapy is applied before and after surgery.
	4.	 Open biopsy used more frequently than needle biopsy.
	5.	 En bloc resection remains the goal of surgical treatment.
	6.	 Follow-up in accordance with international conventions is encouraged.

28.9	 �Case Example

28.9.1	 �Patient Data

One male patient, aged 52 years, had an enlarging soft tissue mass involving the 
right thigh for more than 2 months and was admitted to the hospital. This patient 
had no history of trauma or local radiation exposure. The mass had been growing 
rapidly and painlessly.

Physical examination: Examination revealed a 8 × 12 cm palpable mass that 
was observed and palpated on the anteromedial of the right proximal thigh, with 
hard texture, border clearance, fixed position, no tenderness, no local skin 
warmth, no venous engorgement, and no enlarged lymph nodes in the groin 
area.

28.9.2	 �Imaging

Ultrasound examination: there was a cystic mass and scattered blood flow signal 
within the muscle of right thigh. X-ray: soft tissue mass with punctate calcifica-
tion in right proximal thigh and no bone destruction and periosteal reaction in 
the right femur (Fig. 28.5). MRI: a 12 × 8 × 5 cm oval mass was in the quadri-
ceps gap of the right thigh. There was equal and patchy low signal on T1-weighted 
image, while high signal was apparent in the center of the mass on T2-weighted 
images surrounded by a peripheral portion that was significantly intensified 
after administration of contrast. Small punctate low-signal image observed in 
the tumor mass with T2-weighted images was considered to represent calcifica-
tion. There was no involvement of the femur. MRA was performed: the tumor 
was supplied by the lateral femoral circumflex artery (Fig. 28.6). Isotope bone 
scan: radiation uptake was displayed in right proximal thigh. CT chest showed 
no metastasis.
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Fig. 28.5  X-ray 
demonstrated a soft tissue 
shadow and intratumoral 
calcifications with no bony 
destruction in proximal 
thigh

a b c d

Fig. 28.6  MRI (a–c) and MRA (d) showed myxoid mass T1 low signal, T2 high signal, the 
borders of the tumor, and the relationship with the surrounding neurovascular clearly
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28.9.3	 �Biopsy

The tumor biopsy was performed with a core needle biopsy; microscopic examina-
tion revealed tumor cells demonstrating spindle-shaped cells organized as small 
polygons with osteoid formation, with mitotic figures. Ki-67 was expressed about 
25% positive by immunohistochemistry. Preoperative clinical diagnosis: malignant 
soft tissue tumor in upper right thigh, extraskeletal osteosarcoma, Enneking stage 
system IIB.

28.9.4	 �Treatment

This patient received two cycles of neoadjuvant chemotherapy (AP + MTX + IFO). 
After two cycles, assessment showed no change of symptoms, physical signs or 
change in pre- and post-contrast MRI images. En bloc surgery with limb salvage 
was decided by the multidisciplinary team, and surgery was performed by orthope-
dic surgeons (orthopedic oncologists). Tumor was found mainly located between 
the vastus intermedius and vastus medialis with involvement of part of the rectus 
femoris, but did not invade the femur or periosteum. The surgical goal was wide 
resection of the tumor, requiring removal of the vastus intermedius, vastus medialis, 
and most of the rectus femoris. Resection of the primary biopsy tract and skin and 
ligation of the tumor blood vessels were also performed. Tumor specimen (Fig. 28.7) 
was sent for pathological examination after excision. Pathological diagnosis was 
well-differentiated extraskeletal osteosarcoma, with many mitotic figures and a lot 
of cartilage-like matrix. Immunohistochemical staining of tumor tissue showed the 

Fig. 28.7  Soft tissue 
sarcoma specimen
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following: SMA (+), S-100 (+), HMB45 (−), and DES (−) CK (−). After recovery 
from surgery, the patient received four cycles of chemotherapy (AP + MTX + IFO), 
starting 3 weeks postoperatively.

The tumor bed was treated with external irradiation over a 6-week period starting 
4 weeks postoperatively in the department of radiation oncology (Fig. 28.8). The 
target volume was the original tumor bed with a 5 cm margin in all planes. The treat-
ment plan was optimized by using TPS (treatment plan system) with 6MVX line 
with the same center of daily irradiation, first giving DT 50Gy/25Fx/5w, with a 
shrinking field for the local tumor bed at the sixth week boosting the total dose to 
the tumor bed, DT 60Gy/30Fx/6w.

28.9.5	 �Follow-Up

The patient was able to be followed according to our soft tissue tumor surveillance 
schedule and had a good outcome with no recurrence or metastasis during 5 years 
of follow-up.

Fig. 28.8  Plan of radiation therapy; the green part represented the original tumor bed, and purple 
part was the radiation field
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�Conclusion

Overall, multidisciplinary collaboration plays a vital role in the diagnosis and 
treatment of soft tissue sarcoma. Soft tissue sarcoma patients in China have ben-
efited from the MDT treatment.
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