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Partl

Multidisciplinary Approaches to the Care
of Sarcoma Patients in the United States



Introduction 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.

References

1. Choi BC, Pak AW. Multidisciplinarity, interdisciplinarity and transdisciplinarity in health
research, services, education and policy: 1. Definitions, objectives, and evidence of effective-
ness. Clin Invest Med. 2006;29(6):351-64, 451-64.

2. Smuts JC. Holism and evolution. London: Macmillan and Company Limited; 1927.

3. Hughs J. The Manhattan project: big science and the atom bomb. Cambridge: Icon Books;
2002.

4. Wilson T. Complexity and clinical care. BMJ. 2001;323(7314):685-8.

5. Plsek P. The challenge of complexity in health care. BMJ. 2001;323:625.

6. Tanaka M. Multidisciplinary team approach for elderly patients. Geriatrics & Gerontology
International. 2003;3(2):69-72.

7. Shirado O, Ito T, Kikumoto T, Takeda N, Minami A, Strax E. A novel back school using a
multidisciplinary team approach featuring quantitative functional evaluation and therapeutic
exercises for patients with chronic low back pain: the Japanese experience in the general set-
ting. Spine. 2005;30(10):1219-25.

8. Larsson J, Stenstrom A, Apelqvist J, Agardh C-D. Decreasing incidence of major amputation
in diabetic patients: a consequence of a multidisciplinary foot care team approach? Diabet
Med. 1995;12(9):770-6.

9. Ravani P, Marinangeli G, Tancredi M, Malberti F. Multidisciplinary chronic kidney disease
management improves survival on dialysis. J Nephrol. 2003;16(6):870-7.

10. Peterson E, Albert N, Amin A, Patterson J, Fonarow G. Implementing critical pathways and
a multidisciplinary team approach to cardiovascular disease management. Am J Cardiol.
2008;102(5A):47G-56G.

11. Gross G. The role of the tumor board in a community hospital. CA Cancer J Clin.
1987;37(2):88-92.

12. Green F. Cancer program standards 2012: ensuring patient-centered care. Chicago: Am
College of Surgeons; 2012.

13. Monthly Oncology Tumor Board Series. NCCN. 2015. https://education.nccn.org/tumor-
boards. Accessed 14 Aug 2015.


https://education.nccn.org/tumorboards
https://education.nccn.org/tumorboards

Introduction and History of Multidisciplinary Care 9

14.

15.

16.

19.

20.

21.

Keating N, Landrum M, Lamont E, Bozeman S, Shulman L, McNeil B. Tumor boards and the
quality of cancer care. J Natl Cancer Inst. 2013;105(2):113-21.

El Saghir N, Keating N, Carlson R, Khoury K, Fallowfield L. Tumor boards: optimizing the
structure and improving efficiency of multidisciplinary management of patients with cancer
worldwide. In: Dizon D, editor. American Society of Clinical Oncology educational book.
Alexandria: American Society of Clinical Oncology; 2014.

Siegel G, Biermann J, Chugh R, et al. The multidisciplinary management of bone and soft tis-
sue sarcoma: an essential organizational framework. J Multidiscip Healthc. 2015;8:109-15.

. Kim SY, Janeway K, Pappo A. Pediatric and wildtype gastrointestinal stromal tumour

(GIST): new therapeutic approaches. Curr Opin Oncol. 2010;22(4):347-50. doi:10.1097/
CCO0.0b013e32833aaae7.

. Attia S, Maki R, Trent J, et al. A model for multi-institutional, multidisciplinary sarcoma vid-

eoconferencing. J Clin Oncol. 2013; (suppl; abst 10521).

Lai Y, Wang C, Civan JM, et al. Effects of cancer stage and treatment differences on
racial disparities in survival from colon cancer: a United States population-based study.
Gastroenterology. 2016;150(5):1135-46. doi:10.1053/j.gastro.2016.01.030.

American Cancer Society. A guide to cancer surgery: does surgery cause cancer? http://www.
cancer.org/treatment/treatmentsandsideeffects/treatmenttypes/surgery/surgery-surgery-and-
cancer-spread. Last Revised 24 Sep 2014. Accessed 5 Mar 2016.

Charlton M, Schlichting J, Chioreso C, Ward M, Vikas P. Challenges of rural cancer care in the
United States. Oncology (Williston Park). 2015;29(9):633-40.


http://dx.doi.org/10.1097/CCO.0b013e32833aaae7
http://dx.doi.org/10.1097/CCO.0b013e32833aaae7
http://dx.doi.org/10.1053/j.gastro.2016.01.030
http://www.cancer.org/treatment/treatmentsandsideeffects/treatmenttypes/surgery/surgery-surgery-and-cancer-spread
http://www.cancer.org/treatment/treatmentsandsideeffects/treatmenttypes/surgery/surgery-surgery-and-cancer-spread
http://www.cancer.org/treatment/treatmentsandsideeffects/treatmenttypes/surgery/surgery-surgery-and-cancer-spread

The 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].



2 The Role of Tumor Boards and Referral Centers 13

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.

24  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.

References

10.

11.

. El Saghir NS, Keating NL, Carlson RW, Khoury KE, Fallowfield L. Tumor boards: optimiz-

ing the structure and improving efficiency of multidisciplinary management of patients with
cancer worldwide. Am Soc Clin Oncol Educ Book. 2014:e461-6.

. Jazieh AR. Tumorboards: Beyond the patient care conference. J Cancer Educ. 2011;26(3):405-8.
. Gross GE. The role of the tumor board in a community hospital. CA Cancer J Clin.

1987;37(2):88-92.

. Keating NL, Landrum MB, Lamont EB, Bozeman SR, Shulman LN, McNeil BJ. Tumor

boards and the quality of cancer care. J Natl Cancer Inst. 2013;105(2):113-21.

. Nemoto K, Murakami M, Ichikawa M, Ohta I, Nomiya T, Yamakawa M, et al. Influence of a

multidisciplinary cancer board on treatment decisions. Int J Clin Oncol. 2013;18(4):574-7.

. Lamb BW, Sevdalis N, Benn J, Vincent C, Green JS. Multidisciplinary cancer team meet-

ing structure and treatment decisions: A prospective correlational study. Ann Surg Oncol.
2013;20(3):715-22.

. Scher KS, Tisnado DM, Rose DE, Adams JL, Ko CY, Malin JL, et al. Physician and practice

characteristics influencing tumor board attendance: results from the provider survey of the Los
Angeles women’s health study. J Oncol Pract. 2011;7(2):103-10.

. SEER cancer statistics factsheets: bone and joint cancer. Bethesda: National Cancer Institute.

http://seer.cancer.gov/statfacts/html/bones.html. Accessed 20 Nov 2015.

. Moon BS. The MD Anderson cancer care series. In: Lin PP, Patel S, editors. Bone sarcoma.

New York: Springer; 2013. p. 270.

Group ESESNW. Bone sarcomas: ESMO clinical practice guidelines for diagnosis, treatment
and follow-up. Ann Oncol. 2014;25(Suppl 3):iii113-23.

Marshall CL, Petersen NJ, Naik AD, Vander Velde N, Artinyan A, Albo D, et al. Implementation
of aregional virtual tumor board: a prospective study evaluating feasibility and provider accep-
tance. Telemed J E Health. 2014;20(8):705-11.


http://seer.cancer.gov/statfacts/html/bones.html

Academic and Community Collaboration 3

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

Community Participation

|

) Community Health Community and
Community & < Improvement Academic Science
Academic Leadership Goals Partnership

Development

1 !

Community Health

Community Improvement Partnered
Health B Capacity <> Evaluation

Improvement Development

Interven¢tion ¢ I
Individual and New Community Evidence &

Community outcomes Programs Dissemination

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 APractical 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
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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.
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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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Pathology 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 (HHVS 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 cm? (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. (¢) 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 (Iess 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 Score 1: sarcomas closely resembling normal adult mesenchymal
(see Table 4.2) 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, Score 1: 0-9 mitoses per I0HPF

high-power field) Score 2: 1019 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

Well-differentiated leiomyosarcoma

Malignant neurofibroma

Well-differentiated fibrosarcoma

Myxoid liposarcoma

Conventional leiomyosarcoma

Conventional MPNST

Conventional fibrosarcoma

Myxofibrosarcoma

Myxoid chondrosarcoma

Conventional angiosarcoma

High-grade myxoid (round cell) liposarcoma

Pleomorphic liposarcoma

Dedifferentiated liposarcoma

Rhabdomyosarcoma

Poorly differentiated/pleomorphic leiomyosarcoma

Poorly differentiated/epithelioid angiosarcoma

Poorly differentiated MPNST

Malignant Triton tumor

Synovial sarcoma

Extraskeletal osteosarcoma
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(continued)
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Table 4.2 (continued)

Histological type Differentiation score

Extraskeletal Ewing sarcoma

Mesenchymal chondrosarcoma

Clear cell sarcoma

Epithelioid sarcoma

Alveolar soft part sarcoma

Malignant rhabdoid tumor

LW W | W W W WwW|w

Undifferentiated (spindle cell and pleomorphic) sarcoma

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
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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



34 D. Kumar

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 EWSRI to FLI1
to generate EWSRI1-FLII oncoprotein. In other cases, alternate transloca-
tions fuse EWSRI1 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
EWSRI1 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; ql4) 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 9922 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) (pl1; g25). This translocation results in the
fusion of TFE3 transcription factor gene (from x pl1) with ASPSCRI at
17q25. ASPSCRI1-TFE3 RT-PCR and FISH for TFE3 rearrangement are
both good methods for molecular diagnosis. Although the presence of the
ASPSCRI1-TFES3 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
isthe 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) (pl1; 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-CREBI 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 EWSRI1 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-WT]1 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.

References

1. Weiss SW, Goldblum JR. Enzinger and Weiss’s soft tissue tumors. 5th ed. St. Louis: Mosby
Elsevier; 2008.

2. Kasraeian S, Allison DC, Ahlmann ER, Fedenko AN, Menendez LR. Comparison of fine-
needle aspiration, core biopsy, and surgical biopsy in the diagnosis of extremity soft tissue
masses. Clin Orthop Relat Res. 2010;468(11):2992-3002.

3. Yang YJ, Damron TA. Comparison of needle core biopsy and fine-needle aspiration for diag-
nostic accuracy in musculoskeletal lesions. Arch Pathol Lab Med. 2004;128:759-64.

4. Lester SC. Manual of surgical pathology. 3rd ed. Philadelphia: Elsevier Saunders; 2010.

5. Westra WH, Hruban RH, Phelps TH, Isacson C. Surgical pathology dissection: an illustrated
guide. 2nd ed. New York: Springer; 2003.

6. Doyle LA. Sarcoma classification: an update based on the 2013 World Health Organization
Classification of Tumors of Soft Tissue and Bone. Cancer. 2014;120(12):1763-74.

7. Saanna GA, Bovée J, Hornick J, Lazar A. A review of the WHO classification of tumours of
soft tissue and bone. ESUN. 2013;10:3.

8. Fletcher CDM, Gronchi A. WHO classification of tumors of soft tissue and bone. 4rth ed.
Lyon: IARC; 2013.

9. Wardelmann E, Haas RL, Bovée JV, Terrier P, Lazar A, Messiou C, LePechoux C, Hartmann
W, Collin F, Fisher C, Mechtersheimer G, DeiTos AP, Stacchiotti S, Jones RL, Gronchi A,
Bonvalot S. Evaluation of response after neoadjuvant treatment in soft tissue sarcomas; the
European Organization for Research and Treatment of Cancer—Soft Tissue and Bone Sarcoma
Group (EORTC-STBSG) recommendations for pathological examination and reporting. Eur
J Cancer. 2016;53:84-95.



4 Pathology of Bone and Soft Tissue Sarcomas 41

10. Kandel R, Coakley N, Werier J, Engel J, Ghert M, Verma S. Sarcoma Disease Site Group of
Cancer Care Ontario’s Program in Evidence-Based Care. Surgical margins and handling of soft-
tissue sarcoma in extremities: a clinical practice guideline. Curr Oncol. 2013;20(3):247-54.

11. Geoffrey W, Siegel J, Biermann S, Chugh R, Jacobson JA, Lucas D, Feng M, Chang AC, Smith
SR, Wong SL, Hasen J. The multidisciplinary management of bone and soft tissue sarcoma: an
essential organizational framework. Multidiscip Healthc. 2015;8:109-15.



Musculoskeletal 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 [S]. 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



5 Musculoskeletal and Interventional Radiology in the Management 45

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. (¢) Axial CT scan during large core needle biopsy of
the tumor

(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
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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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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. (¢) 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

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.
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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.

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).

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. (¢) 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 MRL

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
amyxoid 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, leilomyosarcomas 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 § 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. (¢) 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.
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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.

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. (¢) Axial
T1-weighted MRI 6 weeks post-cryoablation shows no residual enhancing tumor



62 J. Jelinek and F. Beaman

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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The Role of Surgery 6
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

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
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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). (¢) Coverage of the
chest wall with the posterior flap

(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], (Jlater named as Ewing’s sarcoma of the bone by Dr. Ernest Codman), where he
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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 (Tc¢c*™)-
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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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

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
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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

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.
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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
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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 thel970s, 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



80 R.M. Henshaw

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 (Tc*™)-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).

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). (¢) 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],

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

4

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
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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

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)
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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

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. (¢) 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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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. (¢) 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

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. 6.19 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. (¢) The solution is allowed to soak for 5 min prior to a final washout with a
pulsatile lavage. Wound closure is then performed

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.6.20 (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). (¢) 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

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.6.21 (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

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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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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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)

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. 6.23 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. (¢) 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

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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(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].

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. (¢) Following type II/III resection,
reconstruction was performed using a periacetabular replacement (PAR, Stryker/Howmedica
(Mahwabh, 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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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

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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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



6 The Role of Surgery in the Multidisciplinary Care of Sarcoma 99

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). (¢) 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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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

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.

»
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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. (¢) 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. (¢) 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.6.31 (continued)

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
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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

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. (¢) 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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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

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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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

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

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



6 The Role of Surgery in the Multidisciplinary Care of Sarcoma 109

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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Specific 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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Fig. 7.1 (a, b) MRI of the inguinal-scrotal region showing an inguinal-scrotal mass with signal
intensity of fat

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

Fig.7.3 (a,b) Recurrent sarcoma of the spermatic cord with invasion to the corporal bodies of the
penis

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
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Fig. 7.4 Total penectomy
and urethrectomy with
proximal urinary diversion
with repair of the groin
defect

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
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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

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
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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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Specific 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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Fig. 8.1 Imatinib Mesylate: Mechanism of Action. Source: Savage and Antman. N Engl J Med.
2002;346:683.

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
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Fig.8.2 59 year old patient with large bleeding small bowel GIST

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,
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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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Fig. 8.3 57 year old patient with large bleeding proximal gastric GIST

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).
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Table 8.1 TNM staging for gastrointestinal stromal tumors (GIST)

For GISTs at all sites

Primary tumor (T)

X

Primary tumor cannot be assessed

TO 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)

NO No regional lymph node metastasis®

N1 Regional lymph node metastasis

Distant metastasis (M)

MO No distant metastasis

Ml Distant metastasis

Histologic grade (G)b

GX Grade cannot be assessed
Gl 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
1A T1 or T2 NO MO Low
1B T3 NO MO Low
11 T1 NO MO High
T2 NO MO High
T4 NO MO Low
1A T3 NO MO High
111B T4 NO MO High
v Any T N1 MO Any rate
Any T Any N Ml Any rate
Small intestinal GISTd
1 T1 or T2 NO MO Low
11 T3 NO MO Low
1A Tl NO MO High
T4 NO MO Low
111B T2 NO MO High
T3 NO MO High
T4 NO MO High

(continued)
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Table8.1 (continued)
1AY Any T N1 MO Any rate
Any T Any N Ml Any rate

Note: cTNM is the clinical classification, pTNM is the pathologic classification

“If regional node status is unknown, use NO not NX

"Histologic 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
°Also to be used for omentum

4Also to be used for esophagus, colorectal, mesentery, and peritoneum

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

Tumor Mitotic Observed rate of progressive
Stage | size, cm rate AFIP prognostic group® disease,* percent
1A <5(T,») Low 1,2 (£2-5 cm, <5 mit/50 hpf) 0-2
1B >5-10(T;) | Low 3a (5-10 cm, <5 mit/50 hpf) 34
11 >5-10 (T;) | High 4 (<2 cm, >5 mit/50 hpf) Insufficient data
>5-10(T;) | High 5 (2-5 cm, >5 mit/50 hpf) 15
>10 (T,) Low 3b (>10 cm, <5 mit/50 hpf) 12
A | >5-10(T;) | High 6a (>5-10 cm, >5 mit/50 hpf) 49
B | >10(Ty) High 6b (>10 cm, >5 mit/50 hpf) 86

AFIP Armed Forces Institute of Pathology, mit mitoses, ipf high-powered field

*Miettinen 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

Tumor Mitotic Observed rate of progressive
Stage | size, cm rate AFIP prognostic group* disease,” percent
1A <5(Tin) Low 1,2 (<£2-5 cm, <5 mit/50 hpf) | 0-2
I >5-10 (T;) | Low 3a (5-10 cm, <5 mit/50 hpf) 23
A [ >10(Ty) Low 3b (>10 cm, <5 mit/50 hpf) 49
<2(T,.) High 4 (<2 cm, >5 mit/50 hpf) 50
B |>2-5(T,) |High 5 (2-5 cm, >5 mit/50 hpf) 73
>5-10 (T;) | High 6a (>5-10 cm, >5 mit/50 hpf) 72
>10 (Ty) High 6b (>10 cm, >5 mit/50 hpf) 89

AFIP Armed Forces Institute of Pathology, mit mitoses, ipf 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
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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
729000 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 RO resection. Similarly, in
patients treated with imatinib, there was no statistical difference in patients who had
RO 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 stud