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Foreword

Pediatric cytopathology is so much more than just another area of our
expanding specialty. It is as heavily dominated by tumor diagnosis as other
branches, but, involving children and teenagers as it does, this arena evokes a
heightened sense of crisis to parents, patients, and ourselves as practitioners.
Most pediatric tumors are potentially lethal if left untreated, and many of
them present acutely. At the same time, prospects of cure or at least
significant remission with appropriate therapy are generally far greater than
encountered with most common tumors of adults. This is therefore an area
wide open for early, quick, and accurate cytodiagnosis to enable rapid
determination of tumor type, with molecular and genetic characteristics. At
the same time, exclusion of malignancy by confident demonstration of benign
lesions, many of them inflammatory, enables rapid institution of appropriate
treatment and gives relief to all that neoplasia is not involved.

With this in mind, it may appear that there would be a plethora of texts on
pediatric cytopathology. This is not the case; pediatric tumors are generally
uncommon in the population at large; few generalists are able to develop
daily expertise in all but a few tumor types. Into this significant gap comes
the awaited text by Dr. Sara Monaco, of the Children’s Hospital, University
of Pittsburgh, and Dr. Lisa Teot of Boston Children’s Hospital. Both authors
draw on a wealth of experience and involvement in pediatric cytopathology.
It is clear that they both embody enviable expertise, gained over time at their
large academic institutions with active pediatric programs. Not only are they
immersed in microscopy but also in active collection of cytologic material
from young and apprehensive patients, often accompanied by parents, the
latter experiencing one of the most grave circumstances a child’s parent may
know. This is a fraught environment many pathologists never encounter.

This major text will be a standard and a benchmark in cytopathology. It
will serve all practitioners in this most necessary of specialty areas. It
combines basic experience with up-to-date concepts in an accessible and
readable text, generously illustrated with clear color images. The chapters are
well ordered and fully comprehensive, incorporating not only microscopic
diagnoses but immunochemical and molecular data as well.

A significant feature of this book is the inclusion of numerous
informative tables, enabling the practitioner to readily view comprehensive



differential diagnoses in an easily accessible format. The authors have created
these new clear and concise aids which perfectly complement both the text
and the images. With this format, the book presents itself both as a reliable
reference and as a ready desk handbook to be used at the microscope when
viewing unusual and challenging entities.

This new text is an essential addition to every cytopathology
departmental library and is geared for use by cytopathologists and
cytotechnologists alike. Moreover, for surgical pathologists tasked with
looking at rare pediatric tumors, the book enables knowledgeable viewing of
unusual entities. Sara Monaco and Lisa Teot have given us an important and
much anticipated volume which will be used for years to come.

Gladwyn Leiman




Preface

Pediatric cytopathology is a challenging area of anatomic pathology. This is
due in part to the limited use of cytology as a diagnostic modality in the
pediatric age group, particularly in North America, and in part to the different
spectra of diseases encountered in this population as compared to adults.
With the increased use of minimally invasive techniques to obtain diagnostic
specimens from pediatric patients, the need has evolved for a current
reference focused on the cytopathology of entities that are either unique to or
more common in children and adolescents.

The aim of this book is to provide an up-to-date reference focusing on the
cytomorphology of the common and uncommon entities encountered in the
pediatric population, richly illustrated with full-color, high-resolution images.
Challenges and diagnostic pitfalls are also highlighted. Each chapter includes
tables which summarize key points, as well as features used to resolve the
differential diagnosis.

This book is intended to be a concise yet comprehensive reference for
practicing pathologists and cytopathologists, pediatric pathology fellows,
cytopathology fellows, residents in anatomic pathology, pediatricians, and
pediatric subspecialists. We hope that it will serve as a practical and useful
guide and enhance the skills of those involved in the practice of pediatric
cytopathology.

Sara E. Monaco
Lisa A. Teot
Boston, MA, USA, Pittsburgh, PA, USA
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1.1 Introduction

Fine needle aspiration (FNA) is a reliable, minimally invasive, cost effective
technique for obtaining samples from superficial and deep mass lesions for
pathologic evaluation. Despite these advantages, physicians in the USA have
been slow to embrace FNA as a primary diagnostic modality in the pediatric
population . Obstacles to the acceptance and use of FNA include diagnostic
challenges posed by the overall rarity and spectrum of tumors seen in
children and adolescents, the experience and biases of clinicians and
pathologists, and practical and technical considerations. Cytopathologists
who are experienced in the performance and interpretation of FNAs may
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have limited familiarity with the spectrum and morphologic appearances of
tumors seen in the pediatric population. Conversely, pediatric pathologists
who are familiar with the histologic features and differential diagnosis of
tumors encountered in children and adolescents often have little experience
performing and/or interpreting FNAs. Likewise, clinicians who have
extensive experience performing endoscopic or endobronchial ultrasound
guided FNAs may have little experience with endoscopy or bronchoscopy of
pediatric patients, and vice versa. These factors can impact the quality of the
specimen and/or interpretation and lead to the need for a second procedure in
order to arrive at a definitive diagnosis, thereby limiting the value of FNA as
a diagnostic modality . Practical considerations include the cognitive and
emotional maturity of the child or adolescent, and the need for
immobilization, sedation, or anesthesia. Alone or in combination, these and
other challenges and limitations have contributed to reluctance on the part of
both pathologists and clinicians to promote the use of FNA as a primary
diagnostic modality in the pediatric population. In contrast, exfoliative
cytology is routinely used in the evaluation of cerebrospinal fluid and
respiratory tract specimens from children and adolescents, and smears and
crush preparations are standard methods for intraoperative assessment of
pediatric central nervous system lesions .

1.2 Spectrum of Practice

The use of FNA as a primary diagnostic modality in the pediatric population
varies with geographic location, practice setting, and clinical environment
(Table 1.1) [1]. With respect to geographic location, 86 % of the world’s
pediatric population lives in resource-limited or developing countries where
malignancies in children and adolescents comprise a greater percent of all
cancers and have a higher mortality rate than in the USA and Europe [2]. In
countries where access to medical care, diagnostic imaging, and more
invasive procedures such as core or excisional biopsy is limited, FNA is
routinely used for the primary evaluation of suspected malignancies in the
pediatric population and has proven to be an accurate diagnostic tool [3, 4].
In contrast, FNA is rarely used for the primary diagnosis of pediatric
malignancies in the USA where there is widespread access to more invasive
diagnostic modalities and where risk stratification and treatment are often
based on histologic diagnosis.



Table 1.1 Factors influencing the use of FNA in the pediatric population

* Geographic location (resource-limited, resource-rich)

* Type of practice (academic, community)

» Presence of a free-standing pediatric hospital

» Organization of practice (subspecialty based or general pathology)

* Clinical environment (experience with and acceptance of FNA, referral patterns)

» Availability of physicians trained in performance and interpretation of fine needle aspiration

» Sensitivity and performance of fine needle aspiration (diagnostic vs. inadequate or non-diagnostic
specimens, definitive or narrowed diagnoses that effectively guide management vs. nonspecific
diagnoses/need for additional biopsy)

Within the USA and other resource-rich countries, the volume of
pediatric FNAs can also vary greatly in different practice settings. Clinicians
who have had positive experiences with FNA as a diagnostic modality are
more likely to consider referring patients for FNA or to recommend the use
of FNA to their colleagues, than those who have had negative experiences.
Acquisition of an adequate specimen, appropriate triage, and diagnostic
expertise are all required for providing a high quality FNA service. Adequate
samples can be obtained by pathologists, interventional radiologists, and/or
clinicians with appropriate training and expertise in performing FINAs.
However, within a given institution, the type(s) and availability of qualified
physicians impacts whether FNAs are performed in inpatient and/or
outpatient settings, or not at all, and whether the lesions sampled are
superficial and/or deep. Appropriate triage of the specimen is essential when
ancillary studies are needed for a definitive or narrowed differential
diagnosis. Rapid on site evaluation (ROSE) not only allows assessment of
adequacy, but also guides appropriate triage of the specimen. However,
ROSE can be time consuming and is deemed economically impractical in
some practice settings. The availability of pathologists and/or
cytotechnologists to perform ROSE can have a significant impact on whether
the procedure results in a definitive or narrowed differential diagnosis and
thus, on the use of FNA rather than a more invasive core or open biopsy for
the primary evaluation of a mass lesion in a child or adolescent. Finally, the
expertise required for accurate cytologic diagnosis of pediatric lesions is
more likely to be found in settings with subspecialty-trained cytopathologists
and pediatric pathologists, and can have a positive impact on the use of FNA.
In general, the key elements for the acceptance and successful use of FNA as
a diagnostic modality in the pediatric population are more likely to be found



in an academic institution than in a community hospital.

Geographic location and practice setting also influence the type and
pathologic spectrum of pediatric lesions evaluated by FNA. In resource-
limited countries, malignancies comprise the majority of lesions diagnosed
by FNA [4], while in resource-rich countries benign processes predominate
[1]. Moreover, in resource-limited countries, a greater proportion of
malignancies diagnosed by FNA are primary and/or deep-seated tumors than
in resource-rich countries. In the USA, primary cytologic diagnosis of
malignancies is rare; rather, FNA is primarily used for the evaluation of
superficial masses, the majority of which are benign and located in the head
and neck [1]. It is important to note that this pattern is observed even in
institutions with robust pediatric FNA services and, in part, reflects the fact
that Children’s Oncology Group therapeutic protocols are based on histologic
diagnosis and associated biologic studies require frozen or formalin-fixed
tissue.

1.3 Diagnostic Considerations

Mass lesions in children and adolescents raise different diagnostic
considerations than those in adults. In the pediatric population, malignancies
are rare and comprised predominantly of hematolymphoid and central
nervous system neoplasms. In contrast, in the adult population, cancer is
common and epithelial neoplasms account for the vast majority of
malignancies. Unlike in adults, small changes in age can significantly alter
the differential diagnostic considerations in the pediatric population [5].
Table 1.2 lists the three most common types of malignancies in different age
groups, and illustrates the changes observed with small increments of age.
The types of tumors seen in a given anatomic site also vary with age. In the
kidney, for example, mesoblastic nephroma is usually diagnosed in the first 3
months of life, whereas Wilms tumor is most common in children under 5
years of age, and renal cell carcinoma primarily affects adolescents. A variety
of genetic syndromes are also associated with increased risk of developing
certain pediatric tumors, as illustrated by the increased risk of Wilms tumor
in children with Beckwith—Wiedemann, WAGR (Wilms tumor, aniridia,
genitourinary malformation, and mental retardation), and Denys—Drash
syndromes. Awareness of the types of tumors that arise at different ages in
various anatomic locations and of the associations between genetic



syndromes and certain types of tumors is important for accurate cytologic
diagnosis of pediatric mass lesions.

Table 1.2 Cancer incidence by age group in children based on data from the Automated Childhood
Cancer Information System ([5], adopted from ref. [2])

Age group Tumor category

Infants (less than 1 y.o.) #1: Sympathetic nervous system tumors
#2: Leukemia

#3: CNS tumors

Young children (1-4 y.o0.) #1: Leukemias

#2: CNS tumors

#3: Renal tumors

School-age children (5-9 y.o.) #1: CNS tumors

#2: Leukemias

#3: Lymphomas

Older school-age children or young adolescents (10—14 y.o.) |#1: Lymphomas

#2: Leukemias
#3: CNS tumors
Older adolescents (15-19 y.o.) #1: Lymphomas

#2: Carcinomas

#3: Germ cell tumors

In addition to these considerations, morphologic similarities between
pediatric malignancies can pose diagnostic challenges. Many of the most
common pediatric malignancies are small round blue cell tumors, while a
variety of benign and malignant neoplasms have spindle cell morphology.
Ancillary studies, such as immunoperoxidase stains , flow cytometry,
fluorescence in situ hybridization, and/or other molecular tests, are usually
required for definitive diagnosis, thereby making appropriate triage of these
specimens critical. Treatments for many of these tumors vary considerably
and thus, an accurate, specific diagnosis is essential. In contrast, for benign
and low-grade spindle cell neoplasms for which treatment consists of surgical
excision and for non-rhabdomyosarcomatous high-grade spindle cell
sarcomas for which chemotherapy is the same, it may be sufficient to exclude
certain entities and provide a narrowed differential diagnosis.



1.4 Conclusion

This book will provide a practical reference for pathologists evaluating
cytologic specimens from pediatric patients. It is organized in an organ-based
manner to address the spectrum of lesions seen in this population, and
highlights important ancillary studies and differential diagnostic
considerations.
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2.1 Introduction

The statement “children are not just small adults” applies not only to clinical
medicine, but also to pathology, as evidenced by formal recognition of
pediatric pathology as a subspecialty. Successful use of fine needle aspiration
(FNA) for the pathological evaluation of pediatric lesions poses special
challenges and requires consideration of the patient’s level of cognitive and
emotional maturity, awareness of the diseases that occur in this population,
and knowledge of the cytological features of those entities.

In children and adolescents , as in adults, FNA has the advantage of being
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a minimally invasive technique for obtaining diagnostic material from mass
lesions. In experienced hands and in the appropriate clinical context, FNA
has a sensitivity of approximately 97-98 % and a specificity of 93-97 % [1,
2]. In the pediatric population, use of FNA is particularly beneficial for
evaluation of superficial lesions, many of which are reactive or infectious in
origin. In this setting, FNA can confirm the benignity of the lesion and in
some cases, provide a specific diagnosis through the use of ancillary studies ,
while avoiding the greater risks of core or open biopsy. For both benign and
malignant lesions, on-site evaluation at the time of the procedure is important
and can help to ensure adequacy, guide appropriate triage and, thereby,
minimize the likelihood of a non-diagnostic specimen. When the FNA is
performed by someone other than the pathologist, on-site evaluation also
affords an opportunity to provide important feedback to the proceduralist and,
for suboptimal specimens , may allow conversion to core biopsy, thereby
averting the need for a second diagnostic procedure at a later time. While it is
desirable to avoid the need for a repeat FNA or additional biopsy irrespective
of the patient’s age, subjecting a child or adolescent to a second procedure
may be particularly burdensome to the patient and family in terms of
emotional distress, the costs associated with time away from school, work,
and caring for siblings and, in some cases, the need for sedation or
anesthesia, none of which is trivial.

This chapter will highlight some of the key factors to consider when
performing FNAs on pediatric patients.

2.2 Pre-procedural Evaluation

The pathologist who performs an FNA serves as a consultant to the referring
clinician and therefore, usually meets the patient and parent(s) or legal
guardian for the first time at the time of the FNA. Ideally, the referring
physician or physician extender communicates to the pathologist in writing
his or her clinical suspicions and any pertinent history, physical findings,
laboratory results, and/or imaging studies on which they are based, as well as
any relevant pending studies. This can occur through a medical record to
which the pathologist has access or through a letter or written request for
consultation in cases in which the medical records are inaccessible to the
pathologist. Oral communication initiated either by the clinician at the time of
referral or by the pathologist when written communication from the referring



clinician is lacking is an acceptable alternative, although less desirable due to
the possibility of errors. The pathologist should review the patient’s medical
record when it is accessible, irrespective of any communication with the
referring clinician. Ideally, information from the referring clinician and/or
medical record provides the pathologist with important background data that
may or may not be elicited at the time of FNA, but is not intended to replace
communication between the pathologist and the patient and parent(s) or legal
guardian. In addition to conveying important medical information,
communication between the referring clinician and pathologist provides an
opportunity to address key issues related to consent , such as who a minor
child’s legal guardian is and the need for an interpreter (see Sect. 2.3).

2.2.1 Clinical History

As noted above, the initial encounter between the pathologist performing an
FNA and the child and parent(s) or legal guardian is usually at the time of the
procedure. A successful interaction with the child and parent(s) or legal
guardian requires appreciation of the child’s level of apprehension, which
may range from virtually absent to intense and is shaped by cognitive and
emotional maturity, prior experiences with medical personnel and
vaccinations, the degree to which the child has been prepared for the FNA,
and his or her expectations around the procedure. Wearing street clothes
rather than a white coat, and engaging the child in age appropriate
conversation or other interactions prior to obtaining a clinical history and
performing a physical examination can help to establish rapport with the
child, as well as the parent(s) or legal guardian. At each stage of the
encounter, it is important to include the child in the conversation at his or her
cognitive level and talk with the child at his or her eye level, rather than
simply talking about the child with the parent(s) or legal guardian. This is
particularly important when the patient is a school age child or adolescent.
Clinical history is helpful for formulating a differential diagnosis and can
provide important clues to the correct diagnosis. It is important to obtain a
clinical history directly from the patient and/or parent(s) or legal guardian,
rather than simply relying on information communicated by the referring
clinician and/or contained in the medical record. Beyond helping to establish
rapport with the patient and parent(s) or legal guardian, this allows the
pathologist to validate the clinical history provided elsewhere and resolve any
potentially important discrepancies or omissions. For example, when a child



is referred with lymphadenopathy , there should be a discussion about
exposure to cats or other animals, as well as any recent travel. The qualities
of the lesion and how they have changed over time are also important. A
mass lesion that has persisted and enlarged over a short period of time is
more concerning for a malignancy than a lymph node that fluctuates in size
over time. Results of laboratory tests, serologic studies, and microbiologic
cultures can also be helpful. For example, in developed countries, many
children and adolescents presenting with persistent lymphadenopathy will
have had a tuberculin skin test, monospot test, Epstein—Barr virus (EBV) IgM
and IgG titers , and Bartonella titers . Having the results of these tests can be
very helpful when approaching the evaluation of these cases, although results
may not be available at the time of the procedure or may not have been
conveyed to the parent(s) or legal guardian by the ordering clinician.

2.2.2 Physical Examination

After obtaining a history, a directed physical examination establishes the size
of the lesion, its mobility (freely mobile or fixed), contour (ill- or well-
defined), texture (soft, doughy/cystic, or firm), and any associated tenderness.
This tactile contact with the patient not only allows the pathologist to guage
the patient’s level of anxiety about the procedure, but may also help the
patient to feel more comfortable with the pathologist. When examining a
school age child or adolescent, especially of the opposite gender, it is
suggested that the pathologist be accompanied by a nurse or other health care
assistant. Parents can be asked to leave or may stay, depending on the
preference of the child.

2.3 Informed Consent

Prior to performing the FNA, informed consent is obtained. This includes an
explanation of the procedure, its benefits, potential complications, and risks,
including a non-diagnostic aspirate and the need for a second diagnostic
procedure, and alternatives to FNA. The consent form is signed and dated by
the physician and the patient’s legal guardian, which in most cases is the
parent. The consent form becomes part of the medical record. For children
under the age of 18, who cannot legally consent to undergoing a procedure, it
is imperative that the pathologist confirm prior to the appointment who will



be accompanying the child and who the legal guardian is. If someone other
than the legal guardian or parent will accompany the child, then it is
important to obtain informed consent from the legal guardian or parent
beforehand, usually by telephone with at least one witness. This occurs most
often when a child who is in a foster home or other institution is accompanied
by someone other than the legal guardian, but can also arise when a child is
accompanied by a relative, such as a grandparent, who is not the legal
guardian. A social worker or risk management personnel can usually help to
determine and, if necessary, locate the legal guardian. However, this can take
time and may delay or necessitate rescheduling of the procedure if not done
beforehand. Of note, the consent laws of about 30 states and the District of
Columbia give patients who are minors but are parents, married, or pregnant
the legal capacity to consent for a procedure, while the remaining states have
no explicit policy or law [3]. It is also recommended that, as part of the
consent process, assent be obtained from school age children and adolescents
to confirm that they are willing to undergo the FNA and to ease their anxiety.
When obtaining consent and/or assent, it is important to be at eye level, to
turn off all electronic devices that could be a distraction, to use basic
language rather than medical terminology, and to make sure that the parent(s)
or legal guardian and child understand what they have been told, are given
the opportunity to ask questions and that their questions are answered to their
satisfaction. When necessary, an interpreter employed by the facility in which
the FNA is performed should be provided to ensure that the parent(s) or legal
guardian and child understand the pathologist’s explanations, have had their
questions answered satisfactorily and are truly giving informed consent.

2.4 Equipment

The equipment required for the FNA procedure includes syringes, needles
(22-27G), a syringe holder, such as the Cameco Syringe Pistol , glass slides,
pencil or permanent marking pen, spray fixative or Coplin jar with 95 %
alcohol, slide folders or plastic slide holders, staining solutions, sterile tubes,
formalin-filled containers, alcohol wipes, gauze, band-aids, and personal
protective equipment (Figs. 2.1 and 2.2). In the pediatric setting, it can be
helpful to have colorful band-aids with patterns, superheroes, or other
characters that children can identify with. These items can be stored in a
labeled basket or cart for convenience (Figs. 2.3 and 2.4). If on-site



evaluation and preliminary diagnosis are desired, then a microscope is also
required, which can be placed on a mobile cart or in a permanent location in
sites where FINAs are frequently performed (Fig. 2.4). A papoose or large
blanket to wrap a child’s extremities can also be very helpful to immobilize
the non-sedated patient who is unable to cooperate (Fig. 2.5).

Fig. 2.1 Supplies for pediatric FNAs. Multiple supplies are needed during pediatric FNAs because of
the variety of ancillary studies that may be required. It is usually helpful to have a variety of different
containers (shown from right to /eft), including sterile tube for microbial cultures (right), liquid based
cytology containers (e.g., Thin Prep™; middle right), container with fresh cold Roswell Park Memorial
Institute (RPMI) media for flow cytometry (middle left), and tiger-top blood collection tubes (/eft) for
tapping needles that have clotted material.

Fig. 2.2 Diff-Quik staining supplies . If on-site evaluation is performed, a rapid stain is necessary,
such as a Romanowsky-type stain , like Diff-Quik. The staining takes less than 1 minute and is
performed on air-dried smears . These slides can be examined without coverslipping.



Fig. 2.3 An FNA basket utilized to carry materials to procedures. A crate or sturdy plastic tool box can
be used to hold the materials needed for an FNA and allows the pathologist to be mobilized quickly to
perform an FNA on a child in an outpatient clinic, operating room, or inpatient setting. An opaque

container also maintains patient confidentiality when carrying materials back to the cytology laboratory
after a procedure.

Fig. 2.4 FNA cart utilized for on-site evaluations . If on-site evaluation of an FNA is required, then an



FNA cart stocked with a microscope and all necessary supplies is important.

Fig. 2.5 Papoose for immobilization of non-sedated pediatric patients . These immobilization devices
allow the child to lie down on the flat board, while soft cloth arms are wrapped and secured around the
child’s arms and legs to prevent them from moving during the FNA procedure.

2.5 Fine Needle Aspiration Procedure

FNAs are performed by pathologists and other physicians in a variety of
locations, including outpatient clinics, the operating room, at the bedside of
hospitalized patients, and in the radiology suite. For non-palpable masses
detected by imaging, CT or ultrasound (US) guidance should be used to
perform the FNA. In addition to interventional radiologists, some
pathologists are qualified to perform US-guided FNAs and may use portable
ultrasound equipment in the clinic, operating room, or at the bedside. The
techniques involved in US-guided FNA are beyond the scope of this
discussion, which will be confined to FNA of palpable lesions. Prior to
beginning the FNA, a “time out” is performed and documented to confirm the



procedure, the patient’s name and unique identifiers, and the location
(anatomic site and laterality) of the FNA. This pause allows everyone to
confirm that the correct procedure is performed on the correct patient and the
correct lesion.

2.5.1 Palpation and Immobilization of the Lesion

The first steps in performing an FNA are palpation and immobilization of the
lesion. Palpation is performed at the time of physical examination to
investigate the size, mobility, contour and consistency of the mass, and
presence or absence of associated tenderness. It is repeated prior to sampling
primarily to confirm the location and accessibility of the lesion. Before
proceeding with immobilization and sampling of the lesion, children who are
developmentally unable to cooperate and are not under general anesthesia
must be securely positioned with a nurse and/or parent helping to immobilize
their arms and legs. If the child is strong or there are not enough people to
assist with the procedure, then a papoose can be utilized to secure the child
(Fig. 2.5). In some cases the FNA is performed under conscious sedation or
general anesthesia at the request of the parent and/or discretion of the
clinician. An ideal time to perform an FNA is when the child is undergoing
general anesthesia for another procedure (e.g., FNA of an enlarged cervical
lymph node during anesthesia for placement of myringotomy tubes ) and can
be optimally positioned with no movement; however, this is not an option in
all cases. Once the patient is immobilized, the lesion itself can be
immobilized with the fingers of the non-dominant hand, usually the index
and middle fingers in order to reserve the thumb for stabilizing the needle and
syringe holder. In young or anxious patients, topical anesthetic, such as 4 %
topical lidocaine cream, can be applied prior to the procedure to decrease
discomfort during the FNA and is typically tolerated better than subcutaneous
injection of 1 % lidocaine with 1:100,000 epinephrine.

2.5.2 Performing the Fine Needle Aspiration

An FNA typically involves 3-5 needle passes with 22, 23, 25, or 27 gauge
disposable hypodermic needles with long bevels. If aspiration is used, a
syringe holder is helpful because it allows one to aspirate with one hand and
stabilize the target with the other. Most syringe holders accommodate a 10cc
syringe, which is easier to manage than those designed for 20cc syringes.



Once the lesion is immobilized, the skin overlying the aspiration site is
disinfected with an alcohol swab or iodine scrub. The needle is then inserted
and a sweeping motion back and forth within the lesion is utilized for about
15 quick excursions or until material appears in the hub of the needle. FNAs
can be performed with or without suction . A comparison of these methods is
summarized in Table 2.1. FNAs utilizing suction are helpful for obtaining
more abundant material for ancillary studies and for draining cystic lesions;
however, the increased distance between the aspirating hand and the lesion
limits the fine motor control and the size of the device may increase the
patient’s apprehension (Fig. 2.6). FNAs performed without suction (capillary
method, Zajdela technique , French method , or “non-aspiration aspiration )
usually yield less material, but the aspirates tend to be less bloody and
relatively more cellular making it ideal for sampling highly vascular lesions,
such as thyroid nodules (Fig. 2.7). This approach may also cause less anxiety
for a young patient because the equipment is limited to a small needle, which
is more modest in scale and can be hidden discretely in the operator’s hand. It
also offers better fine motor control because of the shorter distance between
the lesion and the operator’s hand. This makes it the optimal technique for
sampling small, mobile lesions or lesions in non-sedated or anxious patients
who are likely to move during the procedure.

Table 2.1 Comparison of FNA techniques with and without suction

Fine needle aspiration without Fine needle aspiration with suction
suction
Other French, Zjadela technique, fine needle | Swedish technique
terminology |non-aspiration aspiration, capillary
method
Uses * Vascular lesions * Cysts
* Small lesions » Cases requiring material for ancillary
« Lesions that are very mobile and |studies
require optimal fine motor control » Cases with low yield using non-aspiration
« Pediatric patients or anxious techniques in order to try to obtain greater

patients that are not under anesthesia | cellularity

Advantages |+ Better fine motor control » Cystic lesions (to drain material)

* Concentrated specimen with less |+ Can obtain more material (quantitative)
blood (qualitative)

» Absence of syringe holder may
decrease anxiety for the patient

Disadvantages|* Less material and potentially dry |* Greater chance of peripheral blood dilution
tap * Less fine motor control




+ Cannot drain a cystic lesion + Syringe holder may create anxiety for
patient

Fig. 2.6 FNA performed with suction (Swedish technique ). This FNA is performed with a syringe
holder containing a 10cc syringe, which allows the operator to use negative pressure during the aspirate
with one hand, while the non-dominant hand stabilizes the lesion and the patient.

Fig. 2.7 FNA performed without suction (non-aspiration method ). This FNA is performed with the
needle only, without a syringe, thereby allowing for better fine motor control and possibly, decreasing
the patient’s anxiety.

2.6 Slide Preparation andTriaging Material for
Ancillary Studies

After performing each pass, the aspirated material is expelled onto a labeled



glass slide(s) using a syringe filled with air and is then smeared to create a
monolayer or near monolayer of cells that can be stained and examined (Fig.
2.8). The smearing technique involves sliding a second clean glass slide on
top of the slide containing the aspirated material. The preparation of optimal
smears takes time and practice, as too much material on a slide results in a
thick smear that is difficult to interpret, too much pressure may cause
crushing of fragile cells, and improper fixation can lead to artifactual changes
limiting the morphological evaluation (Figs. 2.9 and 2.10). If smears are to be
alcohol fixed, then submersion in the fixative should be immediate to avoid
air-drying artifact. Papanicolaou staining is superior for nuclear detail and to
identify squamous cells. However, Romanowsky-type stains enhance nuclear
pleomorphism due to slight nuclear enlargement with air-drying, and
highlight background (extracellular) elements like mucin and stromal
material. Romanowsky-type stains are usually preferred for rapid on-site
evaluation in the pediatric setting because they are take less than a minute to
perform and are especially useful for evaluation of lymphoid morphology and
discrimination of lymphoid proliferations from other small round cell tumors.
In US-guided FNAs, the ultrasound gel can obscure the smears and make
interpretation difficult (Fig. 2.11). Thus, wiping the excess gel from the
needle prior to expelling the material can be helpful.
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Fig. 2.8 Aspirate smears from FNA. Once material is aspirated, it is expelled onto a slide and spread
into a monolayer or near monolayer for staining and evaluation with a variety of different stains.

Fig. 2.9 Artifactual changes in lymphoid cells (Diff-Quik stain, medium power). The act of smearing



and other preparation-related issues can cause crush artifact, which is most pronounced in fragile cells,
such as lymphocytes, and this is sometimes called a “lymphoid tangle”.
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Fig. 2.10 Artifactual changes in lymphoid cells (Diff-Quik stain, medium power). The act of smearing
and other preparation-related issues can cause artifactual changes, which are most pronounced in fragile
cells, such as lymphocytes, and can make the cytological evaluation difficult.
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Fig. 2.11 Ultrasound gel artifact (Diff-Quik stain, high power). In ultrasound-guided FNAs, if there is
residual gel on the needle that is not wiped off before smearing, the gel can appear as metachromatic,



crystalline-like material that obscures the cells of interest.

Following expulsion of material onto slides, the needles are rinsed in
RPMI, phosphate buffered saline or a fixative such as formalin or CytoLyt™
. RPMI and phosphate buffered saline allow eventual triage of material to
flow cytometry and/or cytogenetics, as well as cell block preparation, and
therefore, are suggested media for rinsing needle(s) prior to on-site
evaluation. Following on-site evaluation, needles from additional and/or
dedicated passes can be rinsed in the medium or media deemed most
appropriate for triaging the specimen.

2.7 Documentation

At the conclusion of the FNA, the pathologist should complete, date, and sign
a note documenting the procedure and, if performed, on-site evaluation. In
addition, appropriate requisition form(s) should be completed and accompany
the slides and any additional samples for ancillary studies. A sample
intraoperative procedure note is presented in Table 2.2.

Table 2.2 Sample intraoperative procedure note for pediatric FNA biopsies

Pre-procedural information

Topical lidocaine cream was applied 30 minute prior to the procedure by the nursing team.

The patient was seen and examined by

Physical examination: # cm lesion noted to be mobile/fixed, soft/firm, tender/non-tender, round/ill-
defined, in the location.

The potential risks of the procedure including infection, bleeding, bruising, and inadequate sampling
with the possibility of additional diagnostic procedures were explained to the patient’s parent/guardian
by Dr. . Informed consent was obtained from the patient’s parent/guardian by

Dr. and witnessed by . Assent was obtained from the patient.

Procedural information

A time out was performed prior to the procedure and documented by Dr.
Procedure: FNAB, # passes with #G needle measuring # in. in length.

# air-dried and # wet-fixed smears were prepared. Needles were rinsed in saline/RPMI/formalin [Free
text for additional triaging of specimens]. Patient tolerated procedure well. No complications.

The findings were communicated to and confirmed by the [Physician/Physician extender] at the
conclusion of the procedure on [date] at [time].

Signature of physician performing the FNA, date, time.

Immediate On-site evaluation reporting

Date: mm/dd/yyyy Time stamp: hh:mm
Part #, Pass #




Site, Laterality, Procedure:
A. Adequacy determination: Adequate/Less than optimal/Inadequate
B. Primary Interpretation: Non-diagnostic/Benign/Defer/Malignant
C. Free text
D. Reason for terminating procedure: Adequate material obtained/Other.

The findings in this case were communicated to and confirmed by [Physician/ Physician Extender] at
the conclusion of the procedure on [date] at [time].

Signature of physician performing the on-site evaluation, date, time.

2.8 Post-procedure Laboratory Handling of the FNA

Specimen

When the FNA procedure is complete, all slides and containers should be
labeled clearly with at least two patient identifiers and the type of specimen
(site and laterality). In addition, all paperwork should be completely filled out
and signed in the appropriate places.

The material obtained by FNA typically includes aspirate smears that
either need to be coverslipped (Romanowsky-type stain ed slides) or stained
and coverslipped (alcohol-fixed slides). The needle rinses and/or the material
obtained from dedicated passes for ancillary studies can be triaged in a
variety of ways, depending on the differential diagnosis. For example, if a
lesion yields suppurative material, then material is usually reserved in sterile
tubes to be sent to microbiology for culture and antibiotic sensitivities (Fig.
2.12). Needle rinses from worrisome hematolymphoid proliferations can be
sent for flow cytometry to immunophenotype the cells, establish clonality,
and aid in subclassification of a hematolymphoid malignancy . Cell blocks
can also be prepared from residual material and can be used for hematoxylin
and eosin-stained slides, special stains, immunostains, or molecular studies.
Liquid based cytology (LBC) preparations, such as ThinPrep™ and
SurePath™ | are helpful for hypocellular aspirates, bloody aspirates, and cyst
fluids in order to maximize the cellular yield and decrease obscuring blood.
Hypocellular cyst aspirates in children can be difficult to classify without the
presence of cyst lining cells, and LBC can be very helpful in these scenarios
(Figs. 2.13 and 2.14).



Fig. 2.12 FNA with suppurative material from a patient with a soft tissue abscess . The material
aspirated is thick, turbid, yellow pus from the site of infection, and can be triaged for microbial cultures
and determination of antibiotic sensitivities.

Fig. 2.13 FNA of cyst contents from a cystic neck mass . The fluid aspirated from this cystic lesion is
translucent and yellow. These tend to be very hypocellular, and the use of liquid based cytology may
improve the ability to concentrate the specimen and identify cyst lining cells.



Fig. 2.14 FNA material from a branchial cleft cyst . Aspirate material from a branchial cleft cyst is
expelled onto a slide and appears more watery, thin, and translucent than the suppurative material seen
in Fig. 2.12.

2.9 Final Interpretation

After review of the slides and results of ancillary studies, a diagnosis is
rendered and verified by the pathologist. It is important to correlate the
results of ancillary studies with the morphological findings to arrive at a
definitive cytologic diagnosis or, when that is not possible, a differential
diagnosis and to provide the referring clinician with as much information as
possible. Furthermore, when the pathologist renders a diagnosis of a
malignancy or other neoplasm, it is helpful to discuss the case directly with
the referring physician in order to ensure that he or she receives the results in
a timely fashion and is able to expedite notification of the family.

2.10 Conclusions

The approach to FNA in the pediatric population differs from that in adults,
as highlighted in this chapter. Awareness of special considerations, including
obtaining consent for an FNA, approaching the patient in a way that
minimizes anxiety, and establishing appropriate immobilization of the
patient, can help to maximize the success of a pediatric FNA. As illustrated,
cytological material can be utilized for almost any ancillary study, and thus,



knowledge of the differential diagnosis and what testing is required to arrive
at a diagnosis are critical for optimizing one’s yield from these procedures.
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3.1 Introduction

Fine needle aspiration (FNA ) cytology offers a minimally invasive modality
for evaluating lymphadenopathy in pediatric patients. In the majority of
children and adolescents, lymphadenopathy is due to reactive lymphoid
hyperplasia or infection and in this setting, the use of FNA can avoid more
invasive and unnecessary core or open biopsies, provide a relatively rapid
diagnosis, and by confirming benignity, alleviate the anxiety of patients
and/or families [1-5]. Moreover, when coupled with appropriate ancillary
studies , FINA allows specific diagnosis of many benign and malignant causes
of lymphadenopathy. Overall, the diagnostic accuracy for lymph node FNAs
has been reported to be approximately 90 %, with a sensitivity of about 85—
95 % and specificity of 98-100 % [4-6].

3.2 Approach to the Evaluation of Lymphadenopathy


mailto:monacose@upmc.edu

in Children and Adolescents

3.2.1 Gross Examination

At the time of FNA, note the color, consistency and amount of aspirated
material, and the presence or absence of fluid indicative of a cystic lesion. If
cystic fluid is obtained, note whether it appears purulent, suggesting an
infectious process, and in this scenario, material should be reserved for
microbial cultures. Mucoid, watery, or bloody aspirates are more suggestive
of a non-lymphoid lesion. Non-diagnostic aspirates often yield a dry tap or
bloody material, whereas adequate lymphoid aspirates usually are composed
of finely granular, opaque material that is easy to smear.

3.2.2 Low Power Microscopic Examination

Dyscohesion is characteristic of benign and malignant lymphoid populations
(Fig. 3.1), but does not exclude non-lymphoid entities. Any clustering raises
the possibility of metastatic non-lymphoid malignancy, granulomatous
inflammation, germinal center fragments, or technical artifacts, such as a
thick smear, suboptimal spreading technique, or blood clot [7] (Fig. 3.2).

Fig. 3.1 Reactive lymphadenopathy (Diff-Quik stain, medium power). This case of reactive
lymphadenopathy shows a follicle-like organization, in which the lymphoid cells cluster together with
tingible body macrophages. The lymphoid population appears polymorphous, which is helpful in



excluding a lymphoid malignancy.
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Fig. 3.2 Reactive lymphoid hyperplasia with artifact (a—c. Diff-Quik stain, medium power; d. Diff-
Quik stain, low power). Some cases of reactive lymphoid hyperplasia have artifactual changes such as
air-drying artifact (a, b) and crush artifact (¢), that can make the cells appear, paler (a), blown up (b) or
spindled (c¢), and may raise concern for a metastatic neoplasm or lymphoproliferative disorder. In
addition, when smears are too thick, the cytological features and lymphoglandular bodies may be
difficult to identify (d).



3.2.3 High Power Microscopic Examination

The presence of lymphoglandular bodies is an important diagnostic feature of
benign and malignant lymphoid populations (Fig. 3.1). When
lymphoglandular bodies are present supporting a lymphoid proliferation, the
next step is to assess the homogeneity or heterogeneity of the constituent
cells, the size(s) of the cells, and the presence or absence of tingible body
macrophages. The size of lymphoid cells is usually described in relation to a
histiocyte nucleus or 2—3 red blood cells, with small, intermediate and large
lymphoid cells being smaller than, the same size as, and larger than the
nucleus of a histiocyte, respectively. The size of the predominant population
helps to narrow the differential diagnosis. Features suggestive of malignancy
include a homogeneous lymphoid population, predominance of large cells,
marked pleomorphism, and/or an absence of tingible body macrophages, and
should prompt collection of additional material for flow cytometry, cell
block, and/or fluorescence in situ hybridization (FISH). In the setting of
clinical findings suggestive of lymphoma, such as extensive
lymphadenopathy or an elevated LDH, the presence of numerous mitotic
figures and tingible body macrophages should also lead one to consider a
high-grade lymphoma, such as Burkitt lymphoma. In contrast, features of
reactive lymphoid proliferations include a heterogeneous population of cells
with a predominance of small mature lymphocytes, lymphohistiocytic
aggregates, and scattered tingible body macrophages (Fig. 3.1). Other
features that provide important clues to the differential diagnosis include the
presence or absence of other hematolymphoid cells (including eosinophils,
neutrophils, plasma cells and histiocytes), granulomas , necrosis, and non-
hematolymphoid cells.

Differential Diagnosis

Causes of lymphadenopathy in children and adolescents are summarized in
Table 3.1, which categorizes the entities based on whether they are benign or
malignant and common or uncommon (Figs. 3.3, 3.4, and 3.5). Differential
diagnostic considerations based on eight morphologic patterns are listed in
Table 3.2 and those based on the size of the predominant population are listed
in Table 3.3. Primary lymphoid malignancies must be distinguished from
metastatic small round cell tumors, which are summarized in Table 3.4.

Table 3.1 Summary of benign and malignant causes of lymphadenopathy in children and adolescents




Benign

Common

Reactive lymphoid hyperplasia
Acute suppurative and/or granulomatous lymphadenitis
Infection, including Epstein—Barr virus, Bartonella (cat scratch disease),

atypical mycobacteria, and M. tuberculosis

Uncommon

Sinus histiocytosis with massive lymphadenopathy (Rosai-Dorfman

Disease)

Dermatopathic lymphadenitis

Histiocytic necrotizing lymphadenitis (Kikuchi disease)

HIV-associated lymphadenopathy

Drugs (e.g., Dilantin, methotrexate)

Vaccines

Foreign body/iatrogenic

Metabolic/storage disorders

Autoimmune disease, including systemic lupus erythematosus, rheumatoid

arthritis, autoimmune lymphoproliferative syndrome

Chronic granulomatous disease
Nodal extramedullary hematopoiesis
Fungal or parasitic infection

Malignant

Common

Acute lymphoblastic leukemia/lymphoma
Hodgkin lymphoma
Non-Hodgkin lymphomas, including diffuse large B- cell lymphoma,

Burkitt lymphoma, and T-cell lymphomas

Uncommon

Small B-cell non-Hodgkin lymphoma
Metastatic malignancies




Fig. 3.3 Composite of benign causes of pediatric lymphadenopathy.



Fig. 3.4 Composite of malignant causes of pediatric lymphadenopathy.
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Fig. 3.5 Composite of uncommon causes of pediatric lymphadenopathy.

Table 3.2 Diagnostic patterns in pediatric lymph node cytopathology

Pattern 1: Heterogeneous lymphoid population with clean background

Reactive lymphoid hyperplasia

Drugs

Vaccines

Autoimmune disease

Progressive transformation of germinal centers

Infection (early stages of infection or chronic infection)

Nodal extramedullary hematopoiesis

Neoplasms (e.g., classical Hodgkin lymphoma with paucity of Reed—Sternberg cells, post-

transplant lymphoproliferative disorder, T-cell lymphoma)

Pattern 2: Heterogeneous lymphoid population with numerous histiocytes or granulomas

Infection (e.g., mycobacteria, fungi, toxoplasmosis)

Sinus histiocytosis with massive lymphadenopathy (Rosai-Dorfman Disease)
Langerhans cell histiocytosis

Foreign body or iatrogenic related lymphadenopathy




* Hemophagocytosis and hemophagocytic lymphocytosis (hemophagocytic syndrome)
* Maetabolic or storage diseases

* Chronic granulomatous disease

+ Sarcoid

Pattern 3: Heterogeneous lymphoid population with increased plasma cells
* Castleman disease

* Autoimmune diseases

* IgG4 related lymphadenopathy

+ Infection (e.g., toxoplasmosis)

* Neoplastic entities (e.g., plasmablastic or plasmacytoid lymphoma)

Pattern 4: Heterogeneous lymphoid population with increased eosinophils

* Kimura disease

» Langerhans cell histiocytosis

* Hypereosinophilia syndrome

* Drugs

» Infection (e.g., parasites)

* Neoplastic entities (e.g., Classical Hodgkin lymphoma, T-cell lymphoma)

Pattern 5: Heterogeneous lymphoid population and intracellular or extracellular pigment
* Dermatopathic lymphadenitis

» Tattoo

* Nodal nevi

* Maetastatic malignant melanoma

* Contamination (e.g., lead from pencil, metallic pigment from stylet for needles)

Pattern 6: Heterogeneous lymphoid population with dirty/necrotic background

* Acute suppurative lymphadenitis

* Infection (e.g., cat scratch disease, mycobacteria, pneumocystis, herpes simplex virus)
+ Histiocytic necrotizing lymphadenitis (Kikuchi-Fujimoto disease or Kikuchi disease)
* Autoimmune disease (Systemic lupus erythematosus related lymphadenopathy)

+ Chronic granulomatous disease

* Lymph node infarction® Drug or treatment-related changes

* High-grade malignancy (hematolymphoid or metastasis)

Pattern 7: Homogeneous population, small-to-intermediate cell predominant
* Infectious mononucleosis

» Acute lymphocytic or myeloid leukemia

* Non-Hodgkin lymphoma (e.g., lymphoblastic or Burkitt lymphoma)

* Metastatic small round cell malignancies

Pattern 8: Homogeneous population, large cell predominant
* Classical Hodgkin lymphoma with numerous Reed—Sternberg cells

* Non-Hodgkin lymphoma (e.g., Burkitt lymphoma, diffuse large B-cell lymphoma, anaplastic large
cell lymphoma)

* Non-hematopoietic malignancy (e.g., metastatic sarcoma, germ cell tumor, or melanoma)




Table 3.3 Size-based differential diagnosis for lymph node aspirates in children and adolescents

Small cell population

Reactive lymphoid hyperplasia

Early infection

Hodgkin lymphoma with paucity of Reed—Sternberg cells
Leukemia or myeloid/granulocytic sarcoma

Small B-cell lymphoma (rare)

T-cell lymphoma

Non-lymphoid small round cell tumors

Intermediate cell population

Reactive immunoblastic proliferations
Infectious mononucleosis
Lymphoblastic lymphoma

Burkitt lymphoma

T-cell lymphoma

Leukemia or myeloid/granulocytic
sarcoma

Non-lymphoid small round cell tumors

Monomorphic large cell population
Diffuse large B-cell lymphoma
Anaplastic large cell lymphoma

Hodgkin lymphoma, with predominance of Reed—
Sternberg cells)

Germ cell tumors
Sarcomas
Malignant melanoma

Pleomorphic large cell population

Diffuse large B-cell lymphoma (e.g.,
anaplastic)

Anaplastic large cell lymphoma
Germ cell tumors

High-grade sarcomas
Malignant melanoma

Table 3.4 Differential diagnosis of small round cell tumors (adapted from Monaco SE and Teot LA.

Cancer Cytopathol 2014) [8]

neuroectodermal

Cytomorphology Immunophenotype Genetics
Wilms’ Tumor Blastema +/— epithelial [+ WT1 Mutations of WT1, WT2
component +/— stroma + EMA,
Rarely, anaplasia Cytokeratin
(epithelial
component)
— Synaptophysin,
chromogranin
Neuroblastoma Neuropil, rosettes, +/— + synaptophysin, |+/— N-MYC amplification
ganglion cells, +/— chromogranin,
schwannian stroma, +/— |CD56, PGP9.5
calcification - $100, CD99,
desmin, myogenin,
lymphoid markers
Rhabdomyosarcoma | Rhabdomyoblastic + Myogenin, Alveolar subtype: t(2;13)
differentiation subtle to |myoD1, desmin (q35;14)
obvious - TLE1 t(1:13)(p36;q14)
+/— Floret cells, +/— strap |+/— aberrant CD99,
cells cytokeratin, EMA,
neural markers
Ewing +/— Rosettes, +/— neuropil | +CD99, FLI-1 t(11;22)(q24;q12) (>90 %)
sarcoma/primitive | +/— Tigroid background |+/— Synaptophysin, |t(21;22)(q12;q12), t(2;22)




(poorly
differentiated round

cell)

stroma, +/— calcifications

+/— cytokeratin, +/
- CD99

— Myogenin,
myoD1, desmin

tumor (PNET) PGP9.5, CD56 (g33;q12)
— Desmin, Others (rare)
myogenin, CD45,
TLE-1, EMA,
cytokeratins
Synovial sarcoma |+/— Metachromatic + TLE-1, +EMA, [t(X;18) (p11.2;q11)

Lymphoid Morphology varies with | Varies with lineage | Burkitt: MYC translocations,
malignancies type and type (B-cell, T-|t(8;14)(q24;932) and less
Lymphoglandular bodies |cell) commonly, t(2;8)(p12;q24),
+TdT 1(8;22)(q24;q11)
(Lymphoblastic
lymphoma)
Pearls

e Avoid examination of areas on a slide with artifactual distortion, such as
crush artifact or air-drying artifact, where the cells appear poorly

preserved and/or pale (Fig. 3.2).

e The key features to evaluate in lymph node aspirates from children and
adolescents include: presence or absence of cohesion; the type of
lymphoid population (heterogeneous versus homogeneous); the size(s)
of the constituent cells ; the presence or absence of certain cell types
(macrophages and/or granulomas, plasma cells, immunoblasts,
eosinophils, neutrophils, and non-hematolymphoid cells ); and the
background (clean versus necrotic).

3.3 Mimics of Lymphadenopathy

Some lesions, particularly superficial masses in the head and neck, mimic a
lymph node clinically and/or radiologically due to their well-circumscribed
nature and location, but prove to be other structures or processes on
pathological examination. It is important to be aware of these entities and
recognize their cytological features to ensure appropriate management.
Pediatric head and neck lesions that can mimic lymphadenopathy are listed in
Table 3.5 and selected lesions are illustrated in Fig. 3.6. Aspirates from
ectopic thymic tissue yield a lymphoid population with a predominance of




small lymphocytes, which can be particularly challenging to distinguish from
true lymphadenopathy. However, thymic aspirates are characterized by a
variable number of larger epithelial cells, and if flow cytometry is performed,
there is a maturational spectrum from immature to maturing T-cells (Fig.
3.7).

Table 3.5 Mimics of lymphadenopathy in children and adolescents

» Thyroid lesions/neoplasms

+ Salivary gland lesions/neoplasms

» Cystic head and neck lesions (e.g., branchial cleft cyst, thyroglossal duct cyst, other developmental
Cysts)

» Extranodal inflammatory lesions (e.g., abscess)

» Fibrous hamartoma of infancy

» Pilomatrixoma

* Mesenchymal lesions/neoplasms (e.g., lymphangioma/hemangioma, fat necrosis, lipoma,
fibromatosis, solitary myofibroma, rhabdomyosarcoma)

* Neural neoplasms (e.g., schwannoma, neurofibroma, ganglioneuroma)

* Germ cell tumors (e.g., cervical teratoma)

* Odontogenic or bone lesions (e.g., odontogenic cyst, fibrous dysplasia)

* Thymic tissue or lesion (e.g., undescended thymus)

* Benign soft tissue elements (e.g., skeletal muscle, adipose tissue)
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Fig. 3.7 Ectopic thymic tissue (Diff-Quik stain, high power). Thymic tissue can be present in the neck
and mimic a lymph node clinically and cytologically. Although there is a predominance of small
lymphocytes, larger epithelial cells are also present and flow cytometry or immunohistochemical stains
can help to confirm the presence of immature and maturing T-cells.

3.4 Benign Entities
3.4.1 Reactive Lymphoid Hyperplasia

Clinical Features

Reaactive lymphoid hyperplasia (RLH), characterized by follicular
hyperplasia, paracortical hyperplasia and/or sinus histiocytosis, is the most
common cause of lymphadenopathy in the pediatric population, accounting
for approximately 75 % or more of cases. The high incidence of RLH in this
population is largely attributable to the repeated antigenic stimulation of
naive immune systems. On physical examination, benign, reactive lymph
nodes usually measure less than 3 cm in greatest dimension and most
commonly involve the head and neck, axilla, or inguinal region. RLH
resolves spontaneously and can be followed clinically. However,
lymphadenopathy that persists for more than 3—6 months or has features
inconsistent with RLH may prompt an initial or repeat cytologic evaluation.

Cytological Features

RLH is characterized by a heterogeneous lymphoid population spanning the
spectrum from immunoblasts to plasma cells, but dominated by small mature
lymphocytes with round nuclei and condensed dark chromatin (Fig. 3.1). In
addition, scattered tingible body macrophages, lymphohistiocytic aggregates,
and follicular dendritic cells are usually seen.

Differential Diagnosis

The main diagnostic considerations include Hodgkin lymphoma, T-cell
lymphoma, partial lymph node involvement by a lymphoid or non-lymphoid
malignancy, post-transplant lymphoproliferative disorder, and early infection,
as well as other possibilities (Tables 3.1, 3.2, and 3.3). Although rare in the
pediatric population, some B-cell non-Hodgkin lymphomas, including
marginal zone, low grade follicular, and T-cell rich large B-cell lymphomas,
have a heterogeneous population of cells dominated by small cells. However,
in contrast to RLH, the spectrum of cells in these malignancies is usually
limited. Atypical cells should raise the possibility of a malignant process, but



may be few in number in T-cell rich large B-cell lymphoma, Hodgkin
lymphoma with a paucity of Reed—Sternberg cells, or partial replacement of a
lymph node by a primary lymphoid or metastatic non-lymphoid malignancy.
In some early infections, particularly mycobacteria and Bartonella, the
characteristic granulomatous and/or neutrophilic inflammation may be absent
or poorly developed, and therefore, aspirates from these lymph nodes may
mimic non-specific RLH. A rare but important cause of reactive-appearing
lymphadenopathy in the pediatric population is autoimmune
lymphoproliferative syndrome (ALPS) . This inherited disorder is
characterized by defects in Fas/CD95/Apo-1 mediated apoptosis, which lead
to childhood onset of generalized lymphadenopathy,
hypergammaglobulinemia, lymphocytosis, splenomegaly, and autoimmune
phenomena. Flow cytometry performed on lymph nodes from ALPS patients
shows an increase in CD4, CD8 double negative, T-cell receptor (TCR)-alpha
beta T-cells, ranging from 27 to 54 % of mononuclear cells , and representing
51-78 % of alpha beta T-cells [9].

Pearls

e Collection of additional material for ancillary studies, such as microbial
cultures, special stains, flow cytometry, FISH, and
immunohistochemical stains, should be considered when the clinical or
microscopic features are concerning for infection, a lymphoproliferative
disorder or a metastatic malignancy.

e Use of a needle alone, without an attached syringe or suction (fine
needle non-aspiration technique), can help to optimize control and
sampling of small, mobile lymph nodes, and may also decrease anxiety
for the patient.

3.4.2 Suppurative Lymphadenitis

Clinical Features

Acute suppurative lymphadenitis usually presents as tender, erythematous,
superficial lymph nodes, and is most often due to infection with bacteria such
as Staphylococcus, Streptococcus, and gram-negative organisms. Cat scratch
disease due to Bartonella henselae infection should be considered,
particularly if there is a history of a cat scratch or bite or simply the presence
of a cat in the patient’s home environment. Although rare, fungal infections



can also cause suppurative lymphadenitis. Empiric treatment with antibiotics
results in resolution of acute lymphadenitis in many cases and therefore,
cytologic evaluation is usually reserved for those cases in which the
lymphadenopathy persists despite therapy.

Cytological Features

Aspirates from acute suppurative lymphadenitis yield yellow-tinged, thick,
turbid material. Microscopically, numerous neutrophils, as well as variable
numbers of lymphocytes and histiocytes, are present in a dirty background of
granular and cellular debris (Fig. 3.8). In some cases, intracellular and/or
extracellular microorganisms can be identified on routine stains, and are
usually more apparent on modified Giemsa than on Papanicolaou-stained
smears . The presence of granulomas in addition to suppurative inflammation
is suggestive of cat scratch disease (Fig. 3.9) or mycobacterial infection.
Special stains, such as Gram, methenamine silver, Steiner, Warthin—Starry,
and acid fast, and/or an immunohistochemical stain for Bartonella may be
helpful for demonstrating the presence of microorganisms.

Fig. 3.8 Acute suppurative lymphadenitis (Diff-Quik stain, high power). Aspirates from suppurative
lymphadenitis show granular necrotic and karyorrhectic debris and neutrophils.



Fig. 3.9 Cat scratch disease (a, b. Papanicolaou stain, high power; ¢. H&E stain, medium power).
Some lymph nodes with suppurative changes (a) also have granulomas (b). Acute suppurative and
granulomatous inflammation should raise concern for cat scratch disease (¢).

Differential Diagnosis

The main differential diagnostic considerations include necrotizing
granulomatous lymphadenitis, systemic lupus erythematosus (SLE) , Kikuchi
disease, lymph node infarction, and necrotic tumor. Although a dirty
background with necrosis is characteristic of these entities, in contrast to



acute suppurative lymphadenitis, neutrophils are usually absent, or if present,
not a prominent feature. Other distinguishing features include the presence of
granulomas in necrotizing granulomatous inflammation, hematoxylin bodies
and LE cells in SLE, crescentic histiocytes in Kikuchi disease, and malignant
cells in necrotic tumors.

Pearls

e Material should be obtained for cultures to establish the specific identity
of the causative organism, as well as to determine susceptibility and
resistance to antimicrobial agents.

e High quality aspirate smears may be superior to a diluted or limited cell
block, particularly if there are few organisms.

e Serology can be used to confirm the presence of Bartonella infection
and may be particularly warranted when cat scratch disease is suspected
clinically and/or cytologically, but organisms are not identified with
Steiner, Warthin—Starry or immunohistochemical stains , and
mycobacterial infection has been excluded.

e When acid fast organisms are seen or when no organisms are seen but
the clinical suspicion of mycobacterial infection is high, polymerase
chain reaction (PCR)-testing can be performed on material from the cell
block to confirm the presence and subtype of mycobacteria.

3.4.3 Granulomatous Lymphadenitis

Clinical Features

Granulomatous lymphadenitis is associated with mycobacterial, fungal,
bacterial and parasitic infections, foreign body reactions, drugs, sarcoid, and
malignancy, as well as a variety of other causes. Beyond the presence of
lymphadenopathy, the clinical presentation depends on and may provide
important clues to the underlying etiology. Clinical history, such as exposure
to infectious individuals, pets, travel, implanted medical devices or
prostheses, innate or acquired immunodeficiency, or malignancy, is also key.
Diagnostic evaluation usually includes exclusion of treatable infectious
etiologies, and even in the setting of a non-infectious cause of granulomatous
lymphadenitis, superimposed infection should be considered.



Cytological Features

The characteristic cytological finding is the presence of nodular clusters of
epithelioid histiocytes with syncytial-appearing cytoplasm, oval, reniform or
spindled nuclei, fine chromatin and small, distinct nucleoli (Figs. 3.10, 3.11,
3.12, and 3.13). Intermixed small mature lymphocytes are present in the
clusters. Multinucleated giant cells may be present in variable numbers or
absent. Granulomatous inflammation is classified as necrotizing or non-
necrotizing, based on the presence or absence of necrosis, and necrotizing
granulomatous inflammation is further divided into suppurative and non-
suppurative types, based on the presence or absence of neutrophilic
inflammation. These features provide important clues to the differential
diagnosis. Special stains, including acid fast, methenamine silver, Steiner,
Warthin—Starry, and Gram, and/or an immunohistochemical stain for
Bartonella may be helpful for demonstrating the presence of microorganisms.
In longstanding granulomatous inflammation, the presence of fibrosis and
hyalinization may result in paucicellular, non-diagnostic aspirates. Other
cytological features that may be seen in a subset of cases are included in
discussion of the differential diagnosis.

Fig. 3.10 Granulomatous lymphadenitis (Diff-Quik stain, medium power). This case shows a
heterogeneous lymphoid population with a cluster of epithelioid histiocytes with intermixed
lymphocytes, compatible with granuloma.



Fig. 3.11 Non-necrotizing granulomatous inflammation (a. Diff-Quik stain, high power; b.
Papanicolaou stain, medium power). These aspirates show well-defined granulomas within a clean
background of heterogeneous lymphoid cells.



Fig. 3.12 Necrotizing granulomatous inflammation (a. Diff-Quik stain, high power; b. H&E stain,
high power; ¢. Acid fast stain, high power). In this a case of lymphadenitis due to atypical
mycobacteria, clusters of epithelioid histiocytes with foamy cytoplasm are seen within a background of
necrosis. Neutrophils are also present, characteristic of suppurative granulomatous inflammation. The
acid fast stain highlights rare acid fast bacilli (¢, arrow).



Fig. 3.13 BCGosis (a. Diff-Quik stain, high power; b. H&E stain, high power). Newborns and
children vaccinated with the BCG (Bacille de Calmette et Guérin) vaccine may develop ipsilateral
lymphadenopathy from the attenuated live Mycobacterium bovis in the vaccine. The lymphadenitis
appears similar to Mycobacterium tuberculosis with necrotizing granulomatous inflammation. (Images
taken from slides provided by Dr. Pamela Michelow).

Differential Diagnosis

As noted above, the differential diagnostic considerations for granulomatous
lymphadenitis include a wide variety of infectious and non-infectious
processes. In the pediatric population, the most common causes of
suppurative necrotizing granulomatous lymphadenitis are atypical
mycobacterial or Bartonella infection, while non-suppurative necrotizing
granulomatous lymphadenitis is most often due to infection with M.
tuberculosis and fungi. In developing countries where use of the BCG
(Bacille de Calmette et Guérin) vaccine is common, necrotizing
granulomatous inflammation can be seen in newborns or older children in the
lymph nodes draining the site of vaccination (Fig. 3.13). Necrotizing
granulomatous inflammation may also be seen in some malignancies, such as
Hodgkin and T-cell lymphomas, and if exuberant may obscure the diagnostic
malignant cells. Causes of non-necrotizing granulomatous lymphadenitis
include toxoplasmosis, early mycobacterial infection, foreign body reaction,
drug reaction, and sarcoid, among others. Foreign body reactions are
characterized by clusters of histiocytes, foamy histiocytes, and variable



numbers of interspersed multinucleated giant cells with engulfed debris (the
so-called foreign body giant cells ), and may be due to a variety of causes,
such as sclerosing agents for vascular anomalies, talc or other crystalline
carriers from intravenous drug abuse, and silicone from breast augmentation.
Lipogranulomas can be seen in lymph nodes in response to endogenous or
exogenous lipids, and oil droplets from lymphangiography. Sarcoid is
characterized by tight, single and confluent, non-necrotizing granulomas, and
an absence or paucity of multinucleated giant cells. Asteroid bodies (star-
shaped), Hamazaki-Wesenberg inclusions (periodic acid-Schiff positive
yellow-brown inclusions), and Schaumann bodies (concentrically laminated
spherules composed of calcium and iron) may also be seen in sarcoid, but are
not specific for that entity. Occasionally, central necrosis, characterized by
granular eosinophilic debris is present in sarcoidal granulomas, but such
cases lack the dirty background of necrotizing granulomatous processes.
Other causes of lymphadenopathy associated with histiocytic proliferations
that may mimic granulomatous inflammation include Langerhans cell
histiocytosis (LCH), metabolic and storage disorders, hemophagocytosis and
familial hemophagocytic syndrome, and sinus histiocytosis with massive
lymphadenopathy (Rosai-Dorfman disease ). In Gaucher disease , the most
common lysosomal storage disease, the histiocytes are enlarged with
abundant crinkled tissue paper-like cytoplasm (Gaucher cells ) [10]. Gaucher-
like cells have also been reported in extramedullary hematopoietic tumors,
chronic myeloid leukemia, and crystal storage histiocytosis [11]. Gaucher and
Gaucher-like cells may be confused with histiocytes from granulomatous
inflammation due to atypical mycobacteria in which negative-images of the
mycobacteria impart a striped or wrinkled appearance to the cytoplasm in
modified Giemsa-stained preparations. Hemophagocytic disorders, LCH, and
sinus histiocytosis with massive lymphadenopathy are discussed below in
Sects. 3.4.4, 3.4.5, and 3.4.8.

Pearls

e Material should be obtained for cultures to establish the specific identity
of the causative organism, as well as to determine susceptibility and
resistance to antimicrobial agents.

e High quality aspirate smears may be superior to a diluted or limited cell
block, particularly if there are few organisms.



e Serology can be used to confirm the presence of Bartonella infection
and may be particularly warranted when cat scratch disease is suspected
clinically and/or cytologically, but organisms are not identified with
Steiner, Warthin—Starry, or immunohistochemical stains, and
mycobacterial infection has been excluded.

e When acid fast organisms are seen or when no organisms are seen but
the clinical suspicion of mycobacterial infection is high, polymerase
chain reaction (PCR)-testing can be performed on material from the cell
block to confirm the presence and subtype of mycobacteria.

3.4.4 Hemophagocytic Lymphohistiocytosis and

Hemophagocytosis

Clinical Features

Hemophagocytic lymphocytosis (HLH) is a rare, life-threatening condition
that can be primary due to inherited defects in NK cells (familial
hemophagocytic lymphohistiocytosis), or acquired after strong immunologic
activation by infection, particularly herpes viruses, autoimmune disease, or
malignancy. HLH is a hyperinflammatory, uncontrolled, ineffective, immune
response with clinical features attributable to high levels of cytokines and
chemokines. In contrast, hemophagocytosis outside the context of HLH is a
non-specific finding that is often associated with viral infections and pursues
a benign course. In both HLH and non-specific hemophagocytosis, activated
macrophages in various organs phagocytize other hematolymphoid cells,
such as erythrocytes and lymphocytes [12].

Cytological Features

The key cytological finding is the presence of macrophages with engulfed
erythrocytes or white blood cells, which are typically surrounded by a thin
halo (Fig. 3.14). The histiocytes are positive for CD68 and S100, but are
negative for CD1a.
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Fig. 3.14 Viral associated hemophagocytosis (a. Wright-Giemsa stain, high power; b. H&E stain,
medium power). The aspirate (a) and biopsy (b) showed histiocytes with prominent
erythrophagocytosis.

Differential Diagnosis

The main differential diagnostic considerations include sinus histiocytosis
with massive lymphadenopathy, which is discussed in Sect. 3.4.8, and other
histiocytic processes, as summarized in Table 3.2. In addition, an associated
lymphoma, particularly T-cell lymphomas, should be excluded.

Pearls

Although hemophagocytosis may be non-specific and pursue a benign
course, its presence should prompt consideration of HL.H, as well as
lymphoma or leukemia.

3.4.5 Langerhans Cell Histiocytosis (Histiocytosis X,
Letterer—Siwe Disease, Hand—Schuller—Christian

Disease , Eosinophilic Granuloma)

Clinical Features

Langerhans cell histiocytosis (LCH) is a clinically heterogeneous disease,
characterized by clonal proliferation of Langerhans cells. Multifocal
multisystem LCH (Letterer—Siwe disease) presents in infancy and
preferentially involves skin, bone, liver, spleen, and bone marrow, whereas



multifocal unisystem LCH (Hand—Schuller—Christian disease ) affects young
children and typically involves bone and adjacent soft tissue. Unifocal
unisystem LCH (eosinophilic granuloma) usually presents in older children
and adults as a lytic bone lesion with or without involvement of the adjacent
soft tissue, or less commonly in lymph node, skin, or lung. Males are more
commonly affected than females. Whereas unifocal unisystem LCH follows a
benign course in virtually all cases, multifocal multisystem disease is
associated with a high mortality rate, particularly in patients who fail to
respond promptly to therapy [13].

Cytological Features

Approximately 85 % of cases of LCH can be correctly diagnosed by FNA
cytology [14]. The key feature is the presence of LCH cells, which are oval,
intermediate-sized cells with moderately abundant cytoplasm, and grooved,
folded, or indented nuclei with delicate chromatin and inconspicuous nucleoli
(Fig. 3.15). In addition to small lymphocytes, the background has variable
numbers of eosinophils, histiocytes, multinucleated giant cell of both
histiocytic and LCH cell origin, and neutrophils. Eosinophilic microabscesses
are present in some cases. Late lesions may be fibrotic and have a paucity of
L.CH cells. LCH cells are positive for CD68, S100, CD1a, langerin, and
fascin [13, 14].



Fig. 3.15 Langerhans cell histiocytosis. (a. Diff-Quik stain, high power; b. H&E stain, high power; c.
CD1a stain, high power). The aspirate (a) and biopsy (b) from this cervical lymph node shows LCH
cells with irregular, grooved, or folded nuclei. Deep clefts give some nuclei multilobated appearance.
Lymphocytes and eosinophils are present in the background. CD1a staining on the cell block (¢) is
strongly positive in these Langerhans cells.

Differential Diagnosis

The main differential diagnostic considerations include dermatopathic
lymphadenitis, sinus histiocytosis with massive lymphadenopathy (Rosai-
Dorfman disease), hemophagocytic disorders, lymphoma, and malignant



histiocytosis. In dermatopathic lymphadenitis, the accumulation of
Langerhans cells that are morphologically indistinguishable from LCH cells
and are positive for CD68, S100, CD1a, and langerin, as well as the presence
of eosinophils in some cases, can lead to confusion with LCH. However,
histiocytes with engulfed pigment are present in dermatopathic lymphadenitis
and help to distinguish this entity from LCH [15, 16]. Lymphomas and
malignant histiocytosis can be distinguished from LLCH by the presence of
morphologically malignant cells. Features of sinus histiocytosis with massive
lymphadenopathy and hemophagocytic disorders are discussed in Sects. 3.4.8
and 3.4.4, respectively. Additional diagnostic considerations include
infections due to parasites or fungus, Kimura disease , Hodgkin lymphoma,
and T-cell lymphoma, due to the presence of eosinophils in those entities.

Pearls

e The distinct nuclear morphology of LCH cells, positivity for CD1a and
absence of engulfed cells, help to distinguish LCH from most other
histiocytic processes.

e Dermatopathic lymphadenitis may closely mimic LCH due to the
presence of Langerhans cells that are morphologically indistinguishable
from LCH cells and positive for CD68, S100, CD1a, and langerin, and
in some cases, they have associated eosinophils. Histiocytes with
intracellular pigment provide an important clue to the correct diagnosis.

3.4.6 Histiocytic Necrotizing Lymphadenitis

(Kikuchi-Fujimoto Disease or Kikuchi Disease)

Clinical Features

This is a benign, self-limited condition of unclear etiology that occurs most
often in young Asian women and presents with fever, night sweats, and
painless cervical lymphadenopathy [17]. However, in children, there tends to
be a male predominance. The condition usually resolves spontaneously
within 6 months of the diagnosis.

Cytological Features
The cytological diagnosis can be challenging, with a reported accuracy of
about 56 % in one retrospective study [18]. Smears are characterized by



heterogeneous lymphoid cells in a granular, necrotic background containing
abundant karyorrhectic debris. Typically there are increased histiocytes and
an absence of neutrophils. Histiocytes with peripherally situated, crescent-
shaped nuclei and engulfed cellular debris (so-called crescentic histiocytes)
are also characteristic, in addition to increased numbers of plasmacytoid
dendritic cells, which co-express CD68 and CD123 and are negative for
fascin, in the background [17, 18]. The background lymphocytes are
predominantly CD8-positive T-cells.

Differential Diagnosis

The differential diagnostic considerations include necrotizing lymphadenitis
related to autoimmune disease, such as systemic lupus erythematosus (SLE),
herpes viruses, or other infections, as well as infarction and malignancy.
Features of SLE that are not seen in histiocytic necrotizing lymphadenitis
(HNL) are hematoxylin bodies, which are periodic acid Schiff (PAS)-positive
amorphous extracellular structures composed of DNA and immunoglobulin,
LE cells which are neutrophils with engulfed hematoxylin bodies, and
increased plasma cells. The presence of characteristic viral inclusions
supports a diagnosis of herpes simplex virus, which can be confirmed by
immunohistochemical stains. Infectious mononucleosis is discussed in Sect.
3.4.7. Granulomas, which are a key feature of necrotizing granulomatous
lymphadenitis due to mycobacterial and other infections, are absent in HNL.

Pearls

e Crescentic histiocytes and plasmacytoid dendritic cells are characteristic
of HNL, but are non-specific and can be seen in smaller numbers in
other disorders.

e Neutrophils are absent in HNL; however, the abundant karyorrhectic
debris may mimic the multilobulated nuclei of neutrophils, leading to
misinterpretation as suppurative inflammation.

3.4.7 Infectious Mononucleosis

Clinical Features

Infectious mononucleosis (IM) is an acute illness characterized by marked
cervical lymphadenopathy, fatigue, fever, pharyngitis, and hepatomegaly,
splenomegaly or both. Epstein—Barr virus (EBV) is the most common cause,



but other viruses, particularly cytomegalovirus (CMV) and human
immunodeficiency virus (HIV), can produce clinically indistinguishable
disease. IM can mimic lymphoma clinically, especially when the
lymphadenopathy is pronounced or asymmetrical and associated with
constitutional symptoms, and the heterophile antibody test is negative,
thereby prompting pathological evaluation. Serological studies for specific
causative viruses confirm the diagnosis , but may not be available at the time
of presentation for an FNA.

Cytological Features

Aspirates are composed of a heterogeneous population of lymphocytes with
increased intermediate-sized to large immunoblasts with nuclear enlargement,
prominent nucleoli, and basophilic cytoplasm (Fig. 3.16). In cases due to
EBYV infection, lymphocytes throughout the spectrum are positive for EBV-
encoded RNA (EBER) by in situ hybridization. Large CD30-positive
binucleate immunoblasts mimicking Reed—Sternberg (RS) cells are present in
some cases; however, in contrast to RS cells, these cells are positive for
CD20 and negative for CD15 [19]. Eosinophils and/or necrosis are also
present in some cases. Triage in these cases usually includes collection of
additional material for flow cytometry to exclude a lymphoproliferative
disorder and a cell block for immunohistochemical stains and EBER in situ
hybridization.



Fig. 3.16 Infectious mononucleosis. (a. Diff-Quik stain, high power; b. H&E stain, high power; c.
EBER in situ hybridization). These aspirates show a shift to intermediate-sized to large immunoblastic
cells with immature-appearing chromatin, prominent nucleoli, and basophilic cytoplasm. EBV in situ
hybridization (EBER) performed on a cell block is positive (¢).

Differential Diagnosis

The main differential diagnostic considerations include drug-related
lymphadenopathy, post-vaccine lymphadenopathy, other infections, such as
toxoplasmosis, and lymphoproliferative disorders. The heterogeneous
lymphoid population in IM helps to distinguish this entity from non-Hodgkin



lymphomas, which are composed of a relatively homogenous population of
cells. Distinction between classical Hodgkin lymphoma (CHL) and IM can be
challenging as both have a heterogeneous population of cells, RS and RS-like
cells are morphologically similar, and in some cases, EBER is positive in RS
cells. Eosinophils may be present but are not usually a prominent feature of
IM and as previously noted, RS-like cells are CD15 negative. In addition,
RS-like cells are usually positive for BOB.1 and OCT-2, which helps to
distinguish IM from the infrequent cases of classical Hodgkin lymphoma.

Pearls

Ancillary studies, including flow cytometry, immunohistochemical stains,
and in situ hybridization for EBER, are important for confirming the
diagnosis and excluding malignancies, particularly in cases with atypical
clinical presentations.

3.4.8 Sinus Histiocytosis with Massive
Lymphadenopathy (Rosai-Dorfman Disease)

Clinical Features

SHML is a rare histiocytic disorder of uncertain etiology that most often
presents with bulky, bilateral, painless cervical lymphadenopathy in children,
but can occur in any node, in extranodal sites, and at any age. It is a benign,
self-limited condition, although the course may be protracted [20].

Cytological Features

The characteristic finding in SHML is the presence of emperipolesis , which
is the engulfment of benign lymphocytes and erythrocytes by histiocytes. The
cells are markedly enlarged with abundant pale cytoplasm containing intact
engulfed cells surrounded by a thin halo. Nuclei are round to oval with
smooth nuclear contours, fine chromatin, and small but conspicuous nucleoli.
The histiocytes are positive for CD68, S100, and fascin, but are negative for
CD1a [20]. The background lymphoid population is heterogeneous.
Eosinophils are usually absent.

Differential Diagnosis
The main differential diagnostic considerations are hemophagocytic
lymphohistiocytosis and Langerhans cell histiocytosis , which are discussed



in Sects. 3.4.4 and 3.4.5, respectively.

Pearls

In emperipolesis , the histiocytes can be distinguished from tingible body
macrophages by the presence of intact engulfed lymphocytes and
erythrocytes rather than cellular debris.

3.5 Malignant Entities
3.5.1 Hodgkin Lymphoma

Clinical Features

Classical Hodgkin lymphoma (CHL) accounts for 95 % of Hodgkin
lymphomas and has a bimodal age distribution, with the earlier peak
occurring in adolescence and young adulthood. Patients usually present with
cervical or mediastinal lymphadenopathy, and may have B symptoms,
including fever, night sweats, and weight loss. Nodular lymphocyte-
predominant Hodgkin lymphoma (NLPHL) accounts for approximately 5 %
of Hodgkin lymphomas and primarily affects 30- to 50-year-old males. The
majority of patients present with localized peripheral adenopathy [21].

Cytological Features

CHL is characterized by variable numbers of Reed—Sternberg (RS) cells
within a polymorphous background containing increased eosinophils (Fig.
3.17). Classical RS cells are large cells with abundant cytoplasm and two
nuclei or nuclear lobes. Nuclei are with irregular membranes, pale chromatin,
and a single eosinophilic nucleolus surrounded by a clear halo in each
nucleus or lobe. Mononuclear variants (Hodgkin cells) and mummified cells
are also present. The malignant cells comprise a small minority of the cells,
and are positive for CD30 in a Golgi and membranous pattern, CD15, MUM-
1, and PAXS5 (weak), and negative for OCT-2 and/or BOB.1 [21].
Granulomas may also be seen. NLPHL is characterized by a predominant
population of small lymphocytes with admixed histiocytes and scattered
malignant cells. Lymphocyte-predominant (LP) or so-called popcorn cells are
large with scant cytoplasm and a single convoluted or multilobated nucleus
with multiple, basophilic nuclei that are smaller than those in RS cells.
Occasional LP cells are morphologically indistinguishable from RS cells.
However, in contrast to RS cells, LP cells are positive for CD20, CD79a,



BCL6, OCT-2, and BOB.1, and negative for CD30 and CD15 [21].
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Fig. 3.17 Classical Hodgkin lymphoma (a. Diff-Quik stain, high power; b. H&E stain, medium power;
c¢. CD30 stain, medium power). The aspirates reveal Reed—Sternberg (RS) cells with binucleation and

prominent nucleoli, within a polymorphous background of lymphocytes and eosinophils (a, b). CD30
(¢) is positive in the large RS cells.

Differential Diagnosis
The main differential diagnostic considerations are reactive lymphoid
proliferations, infectious mononucleosis, and other viral infections that may



have large immunoblastic cells that mimic RS cells, anaplastic large T-cell
lymphoma (ALCL) and other large cell non-Hodgkin lymphomas, and
metastatic malignancies such as seminoma and melanoma.

Pearls

e Immunohistochemical stains are critical for confirming the diagnosis of
Hodgkin lymphoma given the wide variety of different entities in the
differential diagnosis, some of which are also CD30-positive.

e Flow cytometry shows a reactive pattern and therefore is non-
contributory.

3.5.2 Lymphoblastic Leukemia/Lymphoma

Clinical Features

Acute lymphoblastic leukemia (ALL) comprises about 75 % of all acute
leukemias in the pediatric population, and is also one of the most curable
based on modern treatments [22]. These malignancies can be of B (B-ALL)
or T (T-ALL) cell origin. B-ALL accounts for 85 % of pediatric ALL and the
majority of cases occur in children under 5 years of age [22]. In contrast, T-
ALL comprises approximately 15 % of pediatric ALL, is more common in
older children and adolescents, and affects males more often than females.
Lymph node involvement is common in ALL, whereas primary
lymphoblastic lymphoma (LBL) without leukemia occurs less often [22, 23].
B-LBL comprises approximately 10 % of primary lymphoblastic lymphomas
and like B-ALL occurs in children. They often present in the head and neck,
and patients are usually asymptomatic with limited disease. In contrast, T-
LBL comprises 85-90 % of primary lymphoblastic lymphomas, and like T-
ALL occurs more frequently in adolescent males. Patients often present with
a large mediastinal mass, and may have tracheal compression, superior vena
cava syndrome, and/or pleural effusions. B-ALL and B-LBL have favorable
prognoses, whereas T-ALL and T-LBL have less favorable outcomes and
require more aggressive treatment [22, 23, 24]. Risk stratification is used to
determine treatment and is based on clinical, laboratory, and genetic findings.

Cytological Features
B-ALL/LBL and T-ALL/LBL are morphologically indistinguishable. They
are characterized by a homogenous population of intermediate-sized



lymphoblasts with scant cytoplasm, round, oval or irregular nuclei, dispersed,
finely granular chromatin, and prominent nucleoli. Mitotic figures and
tingible body macrophages are present and may be numerous, similar to
Burkitt lymphoma. The lymphoblasts in both T- and B-ALL/LBL are TdT-
positive by flow cytometry or immunohistochemistry. In addition, T-
ALL/LBL shows variable expression of CD1a and T-cell markers, as well as
clonal rearrangement of T-cell receptor genes [23]. B-ALL/LBL is usually
positive for CD19, CD10, and PAXS5, is variably positive for CD20 and
CD34, and also expresses the myeloid markers CD13 and CD33. Of note, T-
cell receptor gene rearrangements may be seen in up to 70 % of B-ALL/LBL
and thus are not useful for determination of lineage [22]. Various cytogenetic
and molecular abnormalities are present, some of which define specific
subtypes of ALL/LBL.

Differential Diagnosis

The main diagnostic considerations: Burkitt lymphoma, diffuse large B-cell
lymphoma, thymoma, and reactive immunoblastic proliferations, such as
infectious mononucleosis. Burkitt lymphoma and diffuse large B-cell
lymphoma are discussed in Sect. 3.5.4.

Pearls

e When the clinical or cytological features are suspicious for lymphoma, it
is essential to collect adequate additional material for flow cytometry,
immunohistochemistry, FISH, and molecular studies.

e Thin, evenly spread, cellular smears may be preferable to sections from
a cell block for molecular studies.

e Aspirates targeting a mediastinal mass may inadvertently sample normal
thymic tissue. Normal immature T-cells maturing in the thymus are
phenotypically similar to a T-LBL with positivity for TdT, CD3, and
CD1a. Flow cytometry of a sample derived from thymic tissue shows a
heterogeneous population of T-cells encompassing the maturation
spectrum, whereas a clonal population of immature T-cells is present in
T-LBL.

3.5.3 Acute Non-Lymphocytic Leukemia



Clinical Features

Acute leukemias of non-lymphoid origin comprise about 20 % of pediatric
leukemias, except in newborns where they are more common than
lymphoblastic leukemia. In children less than 2 years of age, monocytic
leukemias tend to be the most common, whereas in older children,
myeloblastic and myelomonocytic leukemias predominate. When non-
lymphoid leukemic cells form a mass lesion, it is referred to as a
granulocytic/myeloid sarcoma or chloroma; however, this is rare in children
and most often these leukemias will present in the peripheral blood or bone
marrow, and never undergo FNA evaluation.

Cytological Features

The morphologic features of the blasts vary, depending on the degree of
maturation and type of cell. Myeloid blasts tend to have round, ovoid, or
irregular nuclei similar to those seen in ALL/LBL, whereas myelomonocytic
and monocytic leukemias tend to have either round or more convoluted
nuclei. The blasts are intermediate to large in size with scant-to-abundant
cytoplasm with or without vacuoles, granules, or Auer rods, depending on the
type of cells. Nuclei have pale, delicate, or lacey chromatin with one or more
nucleoli. Flow cytometry and immunohistochemical stains are important for
determining maturation and cell lineage markers.

Differential Diagnosis

The main differential diagnostic considerations include lymphoblastic or
other non-Hodgkin lymphoma, as well as other malignancies such as germ
cell tumors, melanoma, and sarcomas with epithelioid morphology.

Pearls

e Leukemias are rarely seen in FNA specimens, except for
myeloid/granulocytic sarcomas that present with a mass lesion.
Although rare, these tumors should be considered when a sample
consists of a monomorphous population of intermediate to large,
dyscohesive epithelioid cells.

e According the 2008 World Health Organization (WHO) classification,
the term myeloid sarcoma should be used, opposed to previously used
terms like chloroma and granulocytic sarcoma.



3.5.4 Other Non-Hodgkin Lymphomas

Clinical Features

In addition to lymphoblastic lymphomas (described above), the most
common non-Hodgkin lymphomas (NHLs) in the pediatric population
include Burkitt lymphoma, large B-cell lymphomas including diffuse
(DLBCL) and primary mediastinal (thymic) PMBL, and anaplastic large cell
lymphoma (ALCL) [24]. Of these, Burkitt lymphoma is the most common,
comprising 50—60 % of NHL children and adolescents, may be endemic
related to EBV infection or sporadic, and usually presents in head and neck
or abdomen [25]. Large B-cell lymphomas account for approximately 10—15
% of pediatric NHLs, occur more frequently in adolescents than younger
children, and include DLBCL and PMBL subtypes [26, 27]. DLBCL can
present with nodal and/or extranodal disease. PBML is likely of thymic
origin and by definition arises in the anterior mediastinum without evidence
of lymphoma elsewhere. ALCL comprises 10-20 % of childhood NHLs, has
a peak incidence in the second decade of life, and often presents with nodal
and extranodal disease and B symptoms [28]. Small B-cell lymphomas,
which are common in adults, are rare in children.

Cytological Features

These NHLs are characterized by homogeneous populations of intermediate
to large malignant cells and, with the exception of PMBL, typically yield
highly cellular cytologic specimens.

In Burkitt lymphoma , the cells are intermediate in size, have scant,
deeply basophilic cytoplasm with “punched-out” vacuoles, and round or
slightly irregular nuclei with clumped, dispersed chromatin, and multiple
nucleoli. Numerous mitoses, apoptotic bodies, and tingible body
macrophages are present (Fig. 3.18). The cells have a mature B-cell
phenotype and are positive for CD10, CD19, CD20, CD79a, Bcl-6, and
surface immunoglobulin, and negative for TdT and MUM1. Ki-67 (MIB1) is
positive in virtually 100 % of cells. In situ hybridization for EBER is positive
in all endemic and up to 30 % of sporadic cases. Translocations involving the
MYC gene on chromosome 8 and an IG gene, usually IGH on chromosome
14, are present in almost 100 % of cases [24, 25].



Fig. 3.18 Burkitt lymphoma (a. Diff-Quik stain, high power; b. Papanicolaou stain, high power; c.
FISH with the CMYC breakapart probe). This aspirate from a 14-year-old girl with Burkitt lymphoma
presenting as a neck mass shows a uniform intermediate-sized lymphoid population with mitoses and
tingible body macrophages (a, b), which had a high proliferation index on Ki-67. FISH studies
confirmed a CMYC gene rearrangement (c).

DLBCLs are morphologically diverse tumor with three main variants
recognized. Centroblastic , the most common variant, is composed of large
cells with scant cytoplasm and round, irregular, or lobated vesicular nuclei
with fine chromatin and multiple nucleoli. Immunoblastic DLBCL is
composed of large cells with moderate to abundant cytoplasm, and round,



oval, or irregular nuclei with a single, prominent central nucleolus.
Anaplastic DLBCL is composed of pleomorphic, large, round, oval, or
polygonal cells with bizarre nuclei and/or multinucleation, and may resemble
Hodgkin lymphoma and/or ALCL. Mitotic figures, apoptoses, and variable
numbers of tingible body macrophages are present. DLBCLs have a mature
B-cell phenotype and are positive for CD19, CD20, CD79a, variably positive
for CD10, Bcl-6, and surface immunoglobulin, usually negative for MUM 1
and negative for TdT. CD30 is often positive, particularly in the anaplastic
variant. Many DLBCL have translocations involving IGH and various partner
genes, including BCL6 (up to 30 %), BCL2 (20-30 %), and MYC (6 %) [24,
26]. In addition, some tumors have morphologic features intermediate
between Burkitt lymphoma (BL) and DL.BCL, and for these,
immunophenotyping and genetic analysis are essential for diagnosis and
treatment, as these tumors may represent BL, DLBCL, or B-cell lymphoma,
unclassifiable, with features intermediate between DLBCL and BL [29].

PMBLs typically yield paucicellular specimens with poorly preserved
large cells with a spectrum of morphologies similar to those seen in DLBCL.
On corresponding biopsies distinctive compartmentalizing thin fibrous bands
are present throughout (Fig. 3.19). The cells are positive for CD19, CD20,
CD79a, and MUM1, variably positive for Bcl-6 and CD30, usually negative
for CD10, and negative for surface immunoglobulin and TdT [27].
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Fig. 3.19 Mediastinal thymic large B-cell lymphoma (a. Diff-Quik stain, high power; b. H&E stain,
high power; ¢. CD30 stain, high power). This lymphoma typically has intermediate-to-large lymphoid
cells with artifactual distortion and limited aspirates due to the interlacing fibrosis. The core biopsy
highlights the compartmentalizing fibrosis and the CD30 shows the weak but diffuse staining that is
usually seen in these tumors.

Like DLBCL, ALCL is morphologically heterogeneous, with common,
lymphohistiocytic, small cell, Hodgkin-like, and composite patterns.
Common to all patterns is the presence of variable numbers of the so-called
hallmark cells, which have eccentric , reniform, or U-shaped nuclei. ALCLs



are positive for CD30 and ALK, usually positive for EMA, variably positive
for T-cell antigens, and negative for CD15 and B-cell markers. Of note
approximately 75 % of ALCLs are CD3 negative. Some ALCLs have an
apparent null cell phenotype due to loss of multiple pan T-cell antigens, but
are positive for cytotoxic markers such as perforin, granzyme B, and TIA-1.
ALK rearrangements are present in over 90 % of cases [28].

Differential Diagnosis

The differential diagnosis varies depending on the type of non-lymphoblastic
NHL, but in general includes Hodgkin lymphoma, lymphoblastic lymphoma,
and metastatic melanoma, sarcoma, germ cell tumors, carcinoma, and
pediatric round blue cell tumors. Ancillary studies are required to distinguish
between these entities.

Pearls

e Collection of additional material for flow cytometry,
immunohistochemical studies, and FISH is essential.

e Cellular, evenly spread unstained smears, may be preferable to sections
from a cell block for FISH.

e (CD30 positivity is present in many tumors in the differential diagnosis,
and therefore must be interpreted in the context of other
immunophenotypic and molecular findings.

3.5.5 Other Malignancies

In the pediatric population, the more common non-lymphoid malignancies
metastatic to lymph nodes include small round cell tumors, germ cell tumors
(Fig. 3.20), malignant melanoma, and several carcinomas, including papillary
thyroid carcinoma, medullary carcinoma, and nasopharyngeal carcinoma.
Non-lymphoid small round cell malignancies are summarized in Table 3.4.



Fig. 3.20 Metastatic seminoma (a. Diff-Quik stain, high power; b. Papanicolaou stain, high power; ¢
H&E stain, high power). Seminomas show a discohesive pattern of cells with prominent nucleoli and a
tigroid background on modified Giemsa-stained slides (a) due to the glycogen in the cells. There is also
a lymphohistiocytic background, often with granulomas (a—c). The tigroid background is not typically
seen in alcohol fixed material (b, ¢).
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4.1 Introduction

Fine needle aspirations (FNAs) of the head and neck can be divided into five
categories: thyroid, salivary gland, lymph nodes, skin (acquired and
congenital lesions), and bone/soft tissue (everything else). Each of these
categories is discussed in this chapter, with the exception of lymph nodes
(Chap. 3) and bone/soft tissue (Chap. 5), which are covered in greater detail
in separate chapters.

The vast majority of mass lesions in the head and neck region are benign
and amenable to FNA given their superficial nature; however, 5 % of
pediatric neoplasms occur in the head and neck region [1, 2]. Clinical
information, including the age of the patient and the location of the lesion,
and radiologic findings are helpful for narrowing the differential diagnosis.
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4.2 Thyroid

Palpable thyroid nodules are uncommon in children with a prevalence of 0.2—
1.4 % [3, 4]. Older studies show a rate of malignancy ranging from 9 to 70 %
[3], but more recent studies have shown a narrower range of 20-35 % [3,
5-9]. Some of the decrease noted in the upper limit of the range may be
attributable to a decrease in the use of radiation therapy to the head and neck
and a resulting decline in secondary cancers. Thyroid FNA is considered the
gold standard for preoperative evaluation of thyroid nodules. One meta-
analysis showed a sensitivity of 82 % and a specificity of 91 % in the
pediatric population [9].

4.2.1 Benign Thyroid Nodules

Clinical Features

The vast majority of pediatric thyroid nodules are benign (up to 65-80 %) [3,
5-9]. Most are benign follicular or hyperplastic nodules. Follicular adenoma,
a benign neoplastic proliferation of follicular cells, is uncommon in the
pediatric population. Chronic lymphocytic thyroiditis (Hashimoto’s
thyroiditis), a benign thyroid disease associated with elevated antithyroid
serum antibodies, is also relatively common in the pediatric population.
Chronic lymphocytic thyroiditis typically has a heterogeneous appearance on
ultrasound examination.

Cytological Features

Benign thyroid nodules typically have abundant colloid with scant to
moderate follicular epithelial cells. Some cases have cystic change,
manifested by a background rich in hemosiderin-laden macrophages and
debris (Fig. 4.1). The epithelial cells are seen in variably sized clusters and
two-dimensional sheets with evenly spaced round nuclei, and may have
oncocytic features (Hiirthle cell change) (Figs. 4.2 and 4.3). Occasionally, the
follicular cells have an eosinophilic accentuation of the peripheral cytoplasm,
so-called flame cells, which may be related to overproduction of thyroid
hormone (Fig. 4.2). In chronic lymphocytic thyroiditis, follicular cell groups,
often with oncocytic features, are seen in a background of small lymphocytes,
plasma cells, and lymphohistiocytic aggregates or germinal center fragments.
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Fig. 4.1 Thyroid cyst fluid (Diff-Quik stain, high power). Hemosiderin-laden macrophages in a
background of watery colloid. Note that hemosiderin stains deep blue with Diff-Quik stain.

Fig. 4.2 Benign follicular/colloid nodule with “flame cells” (Diff-Quik stain, high power). In this
example of a benign colloid nodule, “flame” cells with cytoplasmic vacuoles are seen. These cells are
primarily seen in benign nodules with an overproduction of thyroid hormone.
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Fig. 4.3 Benign follicular/colloid nodule (Papanicolaou stain, high power). Honeycomb arrangement
of follicular cells with evenly spaced, round nuclei and no nuclear features of papillary thyroid
carcinoma.

Triage

Benign nodules that are hypocellular or have a predominance of cyst contents
may benefit from liquid based cytology to facilitate identification of follicular
cells. In cases with a prominent lymphoid population, cytological or clinical
features that are concerning for a lymphoproliferative disorder should prompt
collection of additional material for flow cytometry. Some laboratories
allocate material for molecular studies on all thyroid FNAs at the time of the
procedure, in case the final diagnosis is indeterminate.

Differential Diagnosis

The main differential diagnostic consideration is a papillary thyroid
carcinoma (PTC) with colloid or cystic changes. Nuclear features help to
differentiate benign entities from PTC and are best appreciated on alcohol-
fixed material. Lymphocytic thyroiditis also raises the possibility of ectopic
cervical thymic tissue or a lymphoproliferative disorder.

Pearls

e According to The Bethesda System for Reporting Thyroid Cytology
(TBSRTC) [10], which is discussed in detail below, cases with abundant
colloid, focal atypia, or features of lymphocytic thyroiditis do not
require six groups of ten cells for adequacy. Thus, these cases should not
be reported as non-diagnostic, but rather benign (for abundant colloid



and features of lymphocytic thyroiditis) or atypia/follicular lesion of
undetermined significance (for focal atypia).

e In contrast, cases with abundant cyst contents should be meticulously
examined and if there are insufficient follicular cells, they should be
classified as non-diagnostic with a note that PTC with cystic changes
cannot entirely be excluded.

e Imaging studies are an important part of the evaluation of a thyroid
lesion. When the cytological findings do not correlate with the
radiological impression, failure to sample the targeted lesion should be
considered.

4.2.2 Malignant Thyroid Nodules

Clinical Features

The main thyroid malignancies in the pediatric population include PTC,
follicular carcinoma, Hiirthle cell or follicular oncocytic carcinoma,
medullary thyroid carcinoma, and lymphoma. Metastatic neoplasms are more
common in adults, but can rarely be seen in children as well. PTC accounts
for the vast majority (80-95 %) of pediatric thyroid malignancies, and is the
third most common solid tumor in the pediatric population. Previous
radiation is a risk factor for development of PTC and 7-11 % of patients have
a history of previous radiation [11, 12]. Up to 40-80 % of pediatric patients
have metastatic disease at presentation, [6, 12, 13] and FNA of radiologically
suspicious lymph nodes is frequently performed prior to surgery, and
occasionally concurrently with the thyroid FNA to guide decisions regarding
dissection of the lymph node chains. Follicular carcinoma accounts for most
of the remainder of malignancies (5-15 %). Medullary thyroid carcinoma is
uncommon (3-5 %), and frequently associated with familial cancer
syndromes [3, 6, 8]. Multiple Endocrine Neoplasia (MEN) Types 2A and 2B
are characterized by point mutations in the RET proto-oncogene and patients
develop medullary thyroid carcinoma and pheochromocytoma. MEN 2A
patients also have hyperparathyroidism, while MEN 2B patients have
mucosal ganglioneuromas and Marfanoid habitus. Patients with MEN2
inevitably develop medullary thyroid carcinoma and thus, prophylactic
thyroidectomy is recommended in early childhood.

Cytological Features



Follicular carcinomas show predominantly microfollicular architecture with
scant colloid and high cellularity. Nuclear features of PTC are not seen in
these tumors. Since vascular and capsular invasion cannot be assessed on
FNA specimens, these cases are typically classified as suspicious for
follicular neoplasm by TBSRTC [10] (Fig. 4.4).

a b

Fig. 4.4 Suspicious for follicular neoplasm (a. Diff-Quik stain, high power; b. Papanicolaou stain,
high power). Cellular clusters with prominent microfollicles and overlapping nuclei, seen in a
background of scant colloid. This was follicular carcinoma on excision.

Classic PTC is more common in the pediatric population and may show
true papillary tissue fragments with dyscohesive tumor cells surrounding a
fibrovascular core, in addition to cells in sheets and follicular arrangements.
The nuclear features include pale, evenly dispersed, fine chromatin, nuclear
grooves, intranuclear pseudoinclusions, and small peripherally placed
nucleoli (Fig. 4.5). In contrast to classic PTC, the follicular variant of PTC
(FVPTC) and non-invasive follicular thyroid neoplasm with papillary-like
nuclear features (NIFTP) lack true papillary fragments, and often has a
greater number of microfollicles. Nuclear features of PTC may be subtle or
absent in FVPTC and NIFTP. The background may have thick colloid,
multinucleated giant cells, and/or atypical histiocytoid cells with cytoplasmic
vacuolization.
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Fig. 4.5 Papillary thyroid carcinoma (a. Diff-Quik stain, low power; b. Papanicolaou stain, high
power). Papillary tissue fragments composed of crowded follicular cells with oval nuclei. The
Papanicolaou stain (b) highlights prominent nuclear grooves, powdery chromatin and small nucleoli.

Medullary thyroid carcinoma typically yields cellular aspirates with
loosely cohesive and isolated tumor cells. The tumor cells are most often
plasmacytoid, but spindled and/or round forms may also be seen. The cells
have abundant granular cytoplasm and round to spindle nuclei with stippled
chromatin (Fig. 4.6). Amyloid, which is indistinguishable from thick colloid
on Papanicolaou-stained smears and may be metachromatic on modified
Giemsa-stained preparations, may also be present in the background.
Medullary thyroid carcinoma is positive for synaptophysin, calcitonin, TTF1,
and carcinoembryonic antigen (CEA), while negative for thyroglobulin.



Fig. 4.6 Medullary thyroid carcinoma (a. Diff-Quik stain, low power; b. H&E stain, low power). The
tumor cells in this case of medullary carcinoma are relatively monomorphic, epithelioid and
plasmacytoid. On the cell block (b), they appear oncocytic. Strong positive staining for calcitonin and
neuroendocrine markers, in addition to positivity for a RET gene mutation, solidified the diagnosis of
medullary thyroid carcinoma arising in the setting of multiple endocrine neoplasia (MEN). (Image
courtesy of Dr. Sara Monaco).

Triage

Some thyroid malignancies may benefit from molecular studies. In addition,
molecular studies may be helpful prior to resection, especially if there is an
indeterminate cytological diagnosis. If medullary carcinoma is suspected, a
cell block should be prepared to facilitate confirmatory special and
immunohistochemical stains.

Differential Diagnosis

The possibility of a hyperplastic colloid nodule should be considered in cases
with abundant colloid and little cytological atypia. In PTC with cystic
changes, the epithelial cells may have small cytoplasmic vacuoles and
atypical nuclear features, thereby mimicking histiocytes (e.g., atypical
histiocytoid cells), but are positive for TTF-1 and cytokeratin, and negative
for CD68 [13]. Similarly, PTCs, especially those metastatic to lymph nodes,
can mimic clusters of histiocytes, reactive germinal centers, and
granulomatous inflammation. However, in this setting, the presence of
nuclear features of PTC helps to exclude these entities. In addition,



immunohistochemical stains help to confirm the diagnosis of a thyroid
malignancy, and distinguish it from other benign and malignant processes.

Pearl

In aspirates from lymph nodes lateral to the jugular vein, benign-appearing
thyroid elements (colloid and follicular cells) should prompt serious
consideration of a metastatic PTC, even if nuclear features of PTC are not
clearly identified. However, in aspirates obtained from what radiologically
appears to be a lymph node more medially in the neck, benign-appearing
thyroid elements may represent rests of thyroid tissue along the
embryological path of descent and warrant cautious interpretation. Similarly,
in patients with dyshormonogenetic goiter, a portion of the multilobulated
thyroid gland may be radiologically interpreted as a separate discrete mass or
“lymph node,” leading to misdiagnosis of metastatic carcinoma.

4.2.3 Reporting of Thyroid FNAs

The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) was
developed in 2007-2010 as a standardized system of reporting thyroid fine
needle aspiration biopsies with an implied risk of malignancy and
recommended clinical management [10]. The system consists of six
diagnostic categories with further descriptive diagnoses: Non-diagnostic,
Benign, Atypia of Undetermined Significance or Follicular Lesion of
Undetermined Significance, Follicular or Oncocytic Neoplasm or Suspicious
for a Follicular or Oncocytic Neoplasm, Suspicious for Malignant Cells, and
Malignant.

Although TBSRTC was largely developed based on adult data, there are
two studies evaluating the application of TBSRTC to the pediatric
population, which have shown an incremental increase in the risk of
malignancy among the categories [7, 14]. However, in each category, the risk
of malignancy is higher in the pediatric population. This is due to an overall
higher incidence of malignancy (10—14 % in adults vs 20-35 % in children
[3, 7]) and a lower incidence of benign neoplastic nodules (Table 4.1).

Table 4.1 Correlation of diagnostic categories by TBSRTC with the risk of malignancy overall and in
studies restricted to pediatric populations

Diagnostic category Risk of malignancy Risk of malignancy in children
(%) (%)P




Benign 0-3 2-7
Atypia of undetermined significance 5-15 28-40
(AUS/FLUS)

Suspicious for follicular or oncocytic 15-30 58-100
neoplasm

Suspicious for malignant cells 60-75 40-100
Positive for malignant cells 97-99 100

AAdapted from Ali SZ and Cibas ES, eds. The Bethesda System for Reporting
Thyroid Cytopathology [10]

bAdapted from Gupta et al. [7] and Monaco et al. [14]

4.2.3.1 Summary of TBSRTC Diagnostic Categories

In order to be adequate, an FNA must have a minimum of six groups of cells
with at least ten follicular cells per group. Exceptions include cases with
cytologic atypia in evaluable cells, nodules in a background of lymphocytic
thyroiditis, and colloid nodules showing abundant colloid. A summary of
TBSRTC categories is seen in Table 4.2.

Table 4.2 Diagnostic categories for the Bethesda System for Reporting Thyroid Cytopathology

Category

Cytological features

Recommended management

Unsatisfactory/Non-
diagnostic

Inadequate samples include cases with fewer
than six groups of ten cells each (acellular or
hypocellular), cases with technical problems

limiting interpretation (staining, preservation,
obscuring artifacts), and cases with cyst fluid
only.

Repeat FNA after 3 months.
However, if the cyst is drained
upon aspiration and there is no
remaining nodule, then a non-
diagnostic FNA may be
presumably negative for
malignant cells, but
radiological correlation is
essential.

Benign

Aspirates typically show abundant colloid and
moderate cellularity with follicular cells
arranged in a two-dimensional sheets (benign
colloid nodule, hyperplastic colloid nodule),
or features of lymphocytic thyroiditis.
Pediatric follicular cells may show a tighter
arrangement than adult benign tissue, but an
orderly arrangement without overlapping of
nuclei should be visible.

Clinical follow-up, as needed.
However, most studies report a
1-3 % false negative rate for
benign thyroid FNAs, thus
radiological correlation is
essential with a negative
diagnosis.

Atypia of
undetermined
significance/follicular

Cases with cytologic atypia or architectural
atypia that is insufficient for a definitive
diagnosis of suspicious for follicular

Repeat FNA in 3—6 months.
However, in the pediatric
population, up to 40 % of these




lesion of
undetermined
significance
(AUS/FLUS)

neoplasm or malignancy. This includes cases
with prominent microfollicles in a case that is
otherwise benign or scantly cellular, cases that
show predominantly oncocytic cells in a
benign background, cases with cellular
crowding due to clotting artifact or other
obscuring factors, and cases with focal
cytological atypia suggestive of papillary
thyroid carcinoma.

cases are malignant on excision
[7, 14]. Thus, in conjunction
with the clinical and
radiological picture, some
clinicians may choose to take
the patient directly to surgery,
especially if the patient has two
AUS/FLUS diagnoses where
the risk of malignancy
approaches that of the
suspicious for follicular
neoplasm category.

Suspicious for
follicular or
oncocytic neoplasm

More cellular smears with significant
crowding and overlapping of nuclei. There
may be significant microfollicle formation.
The nuclei are monotonous and slightly
hyperchromatic. The key to diagnosis is the
cellularity of the samples, lack of colloid, and
the architecture of the clusters. In adults, the
majority of cases with this diagnosis turn out
to be follicular adenomas or follicular variant
of papillary thyroid carcinoma, with a smaller
proportion of follicular carcinomas. In the
pediatric population, 60—100 % of these cases
are malignant, usually papillary thyroid
carcinoma [7, 14].

Partial thyroidectomy is
recommended for this category
given the risk of malignancy.
However, due to the high rate
of malignancy in the pediatric
population, clinicians may
request molecular testing and
based on the results, may
choose to go directly to total
thyroidectomy.

Suspicious for
malignant cells

Most of the cases in this category are
suspicious for papillary thyroid carcinoma;
however, cases can also be suspicious for
lymphoma, medullary thyroid carcinoma,
metastatic carcinoma, or other malignancies.
These cases usually quantitatively or
qualitatively fall short of being diagnostic of
malignancy.

Recommended management for
cases suspicious for papillary
thyroid carcinoma is usually a
total thyroidectomy. Cases
suspicious for lymphoma or
metastatic neoplasms typically
undergo repeat biopsy.

Positive for
malignant cells
(papillary carcinoma,
medullary carcinoma,
metastatic
malignancy,
lymphoma)

Cases of papillary thyroid carcinoma show
abundantly cellular smears with characteristic
nuclear features, including intranuclear
inclusions, nuclear grooves, chromatin
clearing. Cases of medullary carcinoma,
metastatic malignancies, or lymphoma, are
likewise highly cellular with morphologic and
immunophenotypic features characteristic of
the particular entity.

Recommended management for
papillary thyroid carcinoma is
total thyroidectomy. In the
pediatric population, lymph
node sampling should be
considered due to the high rate
of metastasis at the time of
diagnosis.

4.2.4 Molecular Testing in Thyroid FNA

In the adult population, molecular testing is performed on cytological




specimens from the thyroid in order to refine the cytologic diagnosis and
thereby aid in management. In the case of an indeterminate cytologic
diagnosis (e.g., AUS/FLUS, suspicious for follicular neoplasm, or suspicious
for malignancy), the presence of mutations common in malignancy,
particularly the BRAF mutation, may lead to more aggressive follow-up or
surgical therapy. However, the distribution of genetic mutations is different
in the children and adolescents than in the adults, and the utility of genetic
testing in the pediatric population is unclear [11, 15-17].

4.2.4.1 BRAF Mutations

Mutations in the BRAF gene, virtually all the 1799 T > A point mutation
resulting in the V600OE single amino acid substitution, are seen in up to 70 %
of adult PTC and are associated with a more aggressive clinical course.
Accordingly, testing for this mutation is increasingly offered in adult thyroid
aspirates. However, this mutation is reported to be much less frequent in the
pediatric population, being seen in 0—20 % (overall 7 %) of pediatric cases
[16].

4.2.4.2 RET/PTC Rearrangements

Translocations of the RET proto-oncogene on chromosome 10 are seen in 40—
70 % of sporadic pediatric PTC, compared to less than 40 % in adults [11,
15]. There are three common translocations referred to as RET/PTC1,
RET/PTCZ2, and RET/PTC3. Some studies have indicated a higher incidence
of RET/PTC1 in sporadic PTC and a higher incidence of RET/PTC3 in
radiation induced carcinoma [15]. Currently genetic testing for these
translocations is performed in the clinical setting in some laboratories.

4.2.4.3 PAXS/PPAR Gamma Rearrangements and
RAS Mutations

A translocation between the PAX8 gene and the PPAR gamma gene is seen in
20-50 % of adult follicular carcinoma of the thyroid [16]. Follicular
carcinomas that do not have this translocation are frequently associated with
RAS mutations. However, these changes are also seen in follicular adenomas
and are not specific for carcinoma. Genetic testing for these changes is not
commonly performed on aspirates in the clinical setting.



4.3 Salivary Gland

Lesions in the salivary glands include neoplasms, congenital vascular or
cystic masses, and inflammatory lesions. True salivary gland epithelial
neoplasms are rare in the pediatric population, but are largely benign.
Intraparotid lymph nodes may present as a palpable mass or incidental
radiologic finding. In addition, tumors of the connective tissues including
benign lesions such as nodular fasciitis and solitary fibrous tumor or
malignant lesions such as malignant peripheral nerve sheath tumor and
rhabdomyosarcoma can involve the salivary glands (Personal archives, 19).
Pilomatrixoma or other lesions of the skin or soft tissue overlying the parotid
have also been mistaken for parotid masses.

4.3.1 Benign Salivary Gland Lesions

Clinical Features

Most of the benign salivary gland lesions can be grouped into lymphoid or
inflammatory lesions and cystic lesions. Benign lymphoid lesions include
chronic sialadenitis, lymphoepithelial cysts, and intraparenchymal lymph
nodes. Inflammatory lesions include acute sialadenitis or sialolithiasis, and
chronic fibrosing sialadenitis (Kuttner tumor).

Cytological Features

Benign intrasalivary lymph nodes and chronic inflammatory processes are
characterized by variable amounts of benign salivary tissue in a background
of a heterogeneous lymphoid population with a predominance of small
lymphocytes and intermixed histiocytes. Squamous or mucinous metaplasia
may be present. Chronic sialadenitis can be associated with dense fibrosis,
which clinically presents as a hard tumor-like mass, and may yield scantly
cellular aspirates with stromal fragments. Acute sialadenitis has abundant
neutrophils and inflammatory debris, and special stains for organisms should
be performed in these cases. Cystic lesions include sialoceles and
lymphoepithelial cysts, as well as extrasalivary cystic lesions such as
thyroglossal duct cyst or branchial cleft cyst. Meticulous examination for the
presence and type of cyst lining cells and correlation with radiology is
essential.

Triage



A cell block can be prepared from the needle rinses or additional dedicated
passes, and can be used for special stains, such as for microorganisms, or
immunohistochemical stains. If a lymphoid lesion is concerning for
lymphoma, additional material should be collected for flow cytometry. Acute
inflammatory lesions should prompt collection of additional material for
microbial cultures.

Differential Diagnosis

The main differential diagnostic considerations for lymphocytic lesions
include reactive lymphoid processes in extrasalivary lymph nodes or adjacent
soft tissues and lymphomas. In addition, lymphocyte-rich aspirates with a
dirty background should raise the possibility of Warthin tumor, although this
entity is exceedingly rare in the pediatric population. Acute sialadenitis can
mimic an abscess or acute suppurative lymphadenitis.

Pearls

Many benign or inflammatory salivary gland lesions can be associated with
metaplastic changes, such as squamous or mucinous metaplasia, which may
raise concern for neoplasms such as low grade mucoepidermoid carcinoma.
A conservative approach is recommended if mucinous and/or squamous
features are focal, to avoid an erroneous diagnosis of malignancy.

4.3.2 Salivary Gland Neoplasms
4.3.2.1 Introduction and Classification

Clinical Features

Salivary gland neoplasms are rare in the pediatric population, accounting for
3-8 % of all salivary gland neoplasms and 0.5 % of all pediatric malignancies
[19, 20]. Most pediatric salivary gland lesions are benign (6075 %) with
pleomorphic adenoma comprising the vast majority of benign neoplasms
(>90 %) [18, 19, 21, 22]. Scattered cases of myoepithelioma, Warthin tumor,
and sebaceous lymphadenoma have been reported [19, 21]. Malignant lesions
of the salivary gland are much less common, comprising 25—40 % of cases.
The majority of these cases (50—-80 %) are mucoepidermoid carcinoma,
followed by a smaller proportion of acinic cell carcinoma (13-25 %) [18, 19,
21, 22]. Most lesions occur in adolescents; less than 10 % of patients are less
than 10 years old at diagnosis [19, 21]. There is a slight female



predominance. Tumors in very young patients (<5 years old) may include
metastatic or mesenchymal malignancies, of which neuroblastoma,
rhabdomyosarcoma , undifferentiated sarcoma, and epithelioid sarcoma have
been reported [24, 25]. The parotid gland is most often affected (45-80 %),
followed by the submandibular gland (10-25 %) [19, 22].

Cytological Features

Salivary gland neoplasms are best characterized by the type of cells present,
the degree of atypia, and the presence or absence of stromal material. Cases
with cells and stroma, so-called biphasic lesions, should describe the qualities
of the cells (e.g., basaloid with scant cytoplasm, oncocytic with moderate-to-
abundant granular cytoplasm, or pleomorphic with marked nuclear
pleomorphism) and the qualities of the mesenchymal material (e.g., fibrillary,
dense/hyaline, or rounded globules). If mucin is present, this should also be
noted. A summary of the differential diagnosis for the various
cytomorphological patterns described in the literature is seen in Table 4.3
[23].

Table 4.3 Correlation of cytomorphological pattern with morphological features and differential
diagnosis in salivary gland lesions

Cytomorphological Cytomorphology Differential
pattern diagnosis
Basaloid neoplasm |Cellular smears with monomorphic cells containing scant |+ Cellular
without stroma cytoplasm. The cells should show at least some cohesion, |monomorphic
but also can be seen as single, plasmacytoid or spindled adenoma
cells. * Basal cell
adenoma/carcinoma
* Basaloid
squamous cell
carcinoma
* Lymphoma

* Neuroendocrine
tumors

« Pilomatrixoma

¢ Metastatic
round blue cell

neoplasm
Basaloid neoplasm |Cellular smears with monomorphic cells with scant * Pleomorphic
with stroma cytoplasm, within a background of metachromatic stromal |adenoma
(Biphasic material such as fibrillary fragments or dense hyaline «  Adenoid cystic
neoplasm) globules. carcinoma

* Polymorphous



low grade
adenocarcinoma

e  Mammary
analog secretory
carcinoma

*  Mesenchymal
neoplasms (e.g.,
solitary
myofibroma)

Oncocytic
neoplasm

Cellular smears with monomorphic cells with moderate-to-
abundant granular cytoplasm. Background may show
lymphoid cells in the setting of Warthin tumor.

*  Oncocytoma

«  Warthin tumor
e Acinic cell
carcinoma

» Salivary duct
carcinoma

Pleomorphic
neoplasm

Cellular smears with malignant cells with marked nuclear
pleomorphism.

+ Salivary duct
carcinoma

* Squamous cell
carcinoma

* High grade
lymphoma

» Sarcoma (e.g.,
MPNST)

* Metastatic
malignancy

Lymphocyte-rich
lesion or neoplasm

Cellular smears with discohesive cells with scant cytoplasm
within a background of lymphoglandular bodies.

Lymphoepithelial
cyst

*  Warthin tumor
 Intraparotid
lymph node

* Lymphoma

* Metastatic
round blue cell
tumor

* Acinic cell
carcinoma
Mucoepidermoid
carcinoma

Triage

Preparation of a cell block may be helpful for visualizing small tissue
fragments or for performing immunohistochemical stains to confirm specific
diagnoses. In general, immunohistochemical stains are not usually required




for the evaluation of salivary gland epithelial neoplasms, as the
morphological features often allow either a specific diagnosis or
categorization of a lesion as benign or malignant, and definitive classification
can be made on the surgical specimen. However, immunohistochemical
stains are often very helpful for the diagnosis of primary non-epithelial
salivary neoplasms or metastatic malignancies. Fluorescent in situ
hybridization (FISH) tests are emerging as one of the most helpful ancillary
studies for salivary gland neoplasms with characteristic translocations of
MAML?Z seen in mucoepidermoid carcinomas, HMGAZ2 and PLAG1
rearrangements in pleomorphic adenomas, MYB-NFIB fusions in adenoid
cystic carcinoma, and the ETV6-NTRK3 rearrangement (t(12;15)) seen in
mammary analog secretory carcinoma (MASC).

Differential Diagnosis

Chronic fibrosing sialadenitis (Kuttner tumor) often presents as a mass
clinically and radiologically and can mimic biphasic salivary gland
neoplasms cytologically. The key findings in these benign lesions are the
relatively scant cellularity and the presence of chronic inflammation. An
edematous background in chronic fibrosing sialadenitis can also mimic mucin
in a mucoepidermoid carcinoma or a cystic lesion. In addition to the lesions
listed in Table 4.3, mesenchymal lesions, such as a solitary myofibroma,
should also be in the differential diagnosis of salivary gland neoplasms.

4.3.2.2 Pleomorphic Adenoma

Clinical Features

Pleomorphic adenoma is the most common pediatric salivary gland neoplasm
and comprises up to 70 % of all neoplasms. Pleomorphic adenomas are
benign, but may recur if incompletely excised (4.5 % in one series [22]).
Malignant transformation (carcinoma ex pleomorphic adenoma) has been
reported in a pediatric case, but is exceedingly rare [26]. These tumors
present as a slowly growing painless mass, most commonly in the parotid
gland (~67.5 %) and when they involve the tail of the parotid may present as
a preauricular mass [19, 21, 22].

Cytological Features
Grossly the smears may appear mucoid or gel-like. Microscopically, the most
recognizable element is the fibrillary stroma, which is metachromatic with a



rich magenta color on modified Giemsa stains. The cellular component may
be variable, but usually shows epithelial cells which are small and uniform
with bland round nuclei. Myoepithelial cells are frequently present and may
be spindled, stellate, or plasmacytoid (Fig. 4.7). The majority of these tumors
have rearrangement of PLAG1 or HMGAZ and are positive for PLAG1 by
immunohistochemistry.

Fig. 4.7 Pleomorphic adenoma (a. Diff-Quik stain, low power; b. Papanicolaou stain, high power).
Metachromatic magenta fibrillary stroma (a) in a background of abundant discohesive plasmacytoid
myoepithelial cells and clusters of basaloid epithelial cells (a, bottom). The fibrillary stroma is pale blue
and less prominent on Papanicolaou stain (b). Plump spindled stromal cells adhere to the fragments.
Scattered myoepithelial cells are present in the background.

Triage

A cell block can be useful for identification of small tissue fragments (mini-
biopsies) and thereby provide additional architectural information, and in
challenging cases, can be used for immunohistochemical stains.

Differential Diagnosis

Cellular pleomorphic adenomas may have a paucity of characteristic stroma
and may mimic other epithelial or small round cell neoplasms. However, they
usually show cohesive clusters and some cytoplasmic development, which
help to rule out lymphoma and primitive neoplasms. Immunohistochemical
stains may be helpful to confirm the presence of myoepithelial cells (e.g.,
S100, p63) and to exclude other mimics.

4.3.2.3 Mucoepidermoid Carcinoma



Clinical Features

Mucoepidermoid carcinoma (MEC) is the most common pediatric salivary
gland malignancy, accounting for 50-80 % of salivary gland malignancies in
this population. These tumors may present as a second malignancy in patients
with a history of radiation or chemotherapy, up to 61 % in one series [27].
These tumors usually present as a painless mass that may be fixed to the
surrounding tissues. Although these tumors most commonly occur in the
parotid gland (67.6 %), they may also occur in minor salivary glands [19, 21,
22]. MEC can be classified into low and high grade types, but most cases in
the pediatric population fall into the low grade, cystic category.

Cytological Features

The key diagnostic feature of MEC carcinoma is a mixture of epithelial cells
including glandular, intermediate, and squamous cells. Glandular cells
predominate in low grade MEC and show vacuolated cytoplasm and large
nuclei with conspicuous nucleoli. In solid, high grade MEC, intermediate
and/or squamous cells usually comprise the majority of cells, while mucous
cells may be few, inconspicuous, and identified only with mucin stains.
Variable amounts of mucin may be seen in the background, but is most
abundant in low grade cystic MEC (Fig. 4.8). A prominent lymphoid
infiltrate is present in some cases.

Fig. 4.8 Mucoepidermoid carcinoma (a. Diff-Quik stain, high power; b. Papanicolaou stain, high
power). Tissue fragments with goblet cells (a, upper left) in a background of abundant mucus, and
squamoid cells (b, leff) with enlarged nuclei and prominent nucleoli adjacent to mucous cells (b, right).

Triage



Cystic, low grade MEC may yield hypocellular specimens and benefit from
liquid based cytology. In addition, preparation of a cell block or unstained
smears is useful for performing FISH for the MAML?2 rearrangement.

Differential Diagnosis

The main differential diagnostic considerations in the pediatric population
include a benign mucous retention cyst or mucocele, mucinous or squamous
metaplasia in inflammatory conditions, chronic fibrosing sialadenitis, reactive
lymphoid hyperplasia or lymphoma in an intrasalivary lymph node , and
acinic cell carcinoma. Muciphages in mucoceles may resemble lesional
mucous cells, but lack the cytological atypia seen in MEC, and are positive
for CD68 and negative for cytokeratin. Metaplasia in the setting of chronic
inflammation is a potential pitfall as both mucous and squamous cells may be
present; however, in contrast to MEC, the metaplastic cells lack significant
cytological atypia, and are intimately associated with other benign salivary
elements. A primary inflammatory or lymphoproliferative process can
usually be excluded by a careful search for abnormal mucous, intermediate
and/or squamous cells.

4.3.2.4 Acinic Cell Carcinoma

Clinical Features

Acinic cell carcinoma is the second most common malignancy in the
pediatric population, in contrast to adults in whom adenoid cystic carcinoma
is more common. The majority of acinic cell carcinomas present in the
parotid gland (~64 %) with a smaller number appearing in minor salivary
glands (~14 %) [19, 21, 22]. These tumors present as a slowly enlarging,
unfixed mass. In lesions of longer duration, the patient may present with pain
due to perineural invasion.

Cytological Features

The neoplastic cells of acinic cell carcinoma mimic normal acinar cells. They
often have abundant granular cytoplasm and small to medium sized,
relatively bland nuclei. Abnormal architecture is an important clue to
diagnosis, as the cells tend to form sheets and unorganized clusters. Although
there may be a suggestion of acinar formation, the small, well-formed acini in
grape-like clusters surrounding ducts that are seen in normal salivary gland
tissue are absent (Fig. 4.9). Numerous naked nuclei are often present in the



background. As in mucoepidermoid carcinoma, aspirates from acinic cell
carcinoma may have numerous lymphocytes in the background.
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Fig. 4.9 Acinic cell carcinoma (a. Diff-Quik stain, high power; b. Papanicolaou stain, high power)
Disorganized clusters of small cells with frothy cytoplasm, small round nuclei and vague acinar
formation. The cells have granular cytoplasm and bland round nuclei with granular chromatin.

Triage
Allocating material for a cell block can be helpful for supporting special and
immunohistochemical stains.

Differential Diagnosis

The differential diagnosis includes normal salivary gland, particularly in a
well-differentiated tumor, chronic sialadenitis in tumors with a prominent
lymphocytic component, and mucoepidermoid carcinoma. The monotony of
the cells and lack of stromal and ductal elements, as well as architectural
features help to support a diagnosis of acinic cell carcinoma, and exclude
normal salivary gland and chronic sialadenitis. In poorly differentiated
tumors, the malignant acinic cells may be confused with mucin-poor
glandular cells or intermediate cells in MEC; however, the absence of
squamous cells in acinic cell carcinoma helps to resolve the diagnosis.
Oncocytic (Warthin) tumor is an additional consideration, but is exceedingly
rare in pediatric patients. These tumors can often be distinguished
morphologically on cell block and confirmed with a PAS stain which is
positive in acinic cell carcinoma and negative in Warthin tumor.



4.3.2.5 Adenoid Cystic Carcinoma

Clinical Features

Although adenoid cystic carcinoma is the most common malignancy of non-
parotid salivary gland tissue in the adult, it is rare in the pediatric population.
These tumors present as a slowly growing mass, followed by pain due to
perineural invasion.

Cytological Features

Smears from adenoid cystic carcinoma are cellular and classically show small
cohesive clusters of deceptively bland basaloid epithelial cells. The cells
frequently surround tight globules of glassy hyaline stromal material that
appears metachromatic on modified Giemsa stains.

Triage

A cell block can be useful for identifying small tissue fragments, as well as
for special or immunohistochemical stains. Adenoid cystic carcinomas have
been reported to show positivity for MYB and KIT immunostains.

Differential Diagnosis

Pleomorphic adenoma and polymorphous low grade adenocarcinoma may
also have circumscribed hyaline globules mimicking those of adenoid cystic
carcinoma, and in addition, pleomorphic adenoma may have a dominant
population of basaloid cells. However, absence of larger plasmacytoid,
spindle or epithelial cells and fibrillary stroma, as well as lack of staining for
PLAG1 and myoepithelial markers, helps to exclude a diagnosis of
pleomorphic adenoma. Similarly, the monotonous population of small
basaloid cells excludes polymorphous low grade tumor, which is
characterized by a heterogeneous population of neoplastic cells. When the
characteristic hyaline globules are absent or inconspicuous, other small round
cell tumors, including lymphoma, enter the differential; however, these can
usually be excluded using immunohistochemical stains.

4.4 Lymphadenopathy in the Head and Neck

Approximately half of all children have benign palpable cervical
lymphadenopathy that is not associated with systemic disease or known
infection. As a result, reactive lymph nodes comprise the majority (50-75 %)



of FINA biopsies of the head and neck in the USA, although numbers vary by
region and clinical demand [28—-30]. Lymph node cytology is discussed in
detail in Chap. 3. However, some features about cervical lymphadenopathy
that are worth highlighting include the fact that infectious etiologies (e.g.,
mycobacteria, bacteria) are common, while metastatic malignancies are rare,
which is different from adulthood. Although metastases are rare, if they are
seen, the most common metastatic tumor to involve the head and neck lymph
nodes in children and adolescents is PTC (Fig. 4.10). Mediastinal/thoracic
tumors and occasionally abdominal tumors, including neuroblastoma and
germ cell tumors, can present with metastases to the cervical lymph nodes
(Fig. 4.11). Lymphomas are also relatively common, with Hodgkin
lymphoma, lymphoblastic lymphoma, Burkitt lymphoma, diffuse large B-cell
lymphoma, and ALK-positive anaplastic large cell lymphoma being more
common in the pediatric age group than the small B-cell non-Hodgkin
lymphomas seen in adults.

Fig. 4.10 Metastatic papillary thyroid carcinoma (a. Diff-Quik stain, high power; b. Papanicolaou
stain, high power). Cohesive cluster of follicular cells in a background of small lymphocytes. The
follicular cells have nuclear features of papillary thyroid carcinoma with powdery chromatin, fine
nuclear grooves, and small nucleoli. A cell with an intranuclear pseudoinclusion is seen in the center of
the field (b, arrow).



Fig. 4.11 Metastatic neuroblastoma in cervical lymph node (Diff-Quik stain, high power). Cohesive
clusters of small round cells with nuclear molding and focal rosette formation.

4.5 Skin and Congenital Lesions

Although most skin lesions are diagnosed clinically, FNA may be requested
in some cases, particularly those presenting as a subcutaneous mass. In
addition, skin lesions occasionally masquerade as lesions of underlying
organs such as salivary glands or thyroid. Congenital lesions, particularly
vascular neoplasms, are also relatively common in children, but are usually
diagnosed clinically and not aspirated.

4.5.1 Epidermal Cysts

Clinical Features

This category encompasses epidermal inclusion cysts and dermoid cysts.
Dermoid cysts arise congenitally along lines of skin closure, have adnexal
structures, and may present at an earlier age. Occasionally, dermoid cysts
present as a mass lesion within salivary glands. In contrast, epidermal
inclusion cysts are acquired. Both are located in the superficial dermis and
present as a non-fixed, ovoid-to-irregular mass. When large, they may be
clinically mistaken for a reactive lymph node.

Cytological Features
These cystic lesions show abundant discohesive anucleate squamous cells
with keratin debris, and a smaller component of nucleated squamous cells



(Fig. 4.12). Rarely, clusters of stratified squamous epithelium may be present.
Acute and/or chronic inflammation may be present, and in addition, there
may be evidence of rupture, including a prominent granulomatous
inflammatory response, with macrophages and multinucleated giant cells
containing engulfed keratin debris. Since the center of the cyst, not the lining,
is usually sampled during aspiration, differentiation between these entities is
not possible on FNA.
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Fig. 4.12 Epidermal inclusion cyst (Diff-Quik stain, high power). Abundant anucleate and nucleated
squamous cells are seen in these aspirates, consistent with an epidermal inclusion cyst.

Triage
Liquid based cytology may be beneficial for evaluation of hypocellular cystic
specimens.

Differential Diagnosis

Other cystic lesions with squamous elements such as pilomatrixoma,
branchial cleft cysts, and thyroglossal duct cysts may show similar cytology,
and differentiation may not be possible on FNA alone. However, the
benignity of the lesion is usually apparent and should allow for appropriate
management. Squamous cell carcinoma is rare in the pediatric population and
is characterized by the presence of overtly malignant squamous cells.

4.5.2 Pilomatrixoma (Calcifying Epithelioma of
Malherbe)



Clinical Features

Pilomatrixoma classically presents as a firm, mobile lesion in the cheek of a
young child, but may also occur overlying the parotid or in the
supraclavicular fossa. The benign neoplasms are located in the superficial
dermis and appear fixed to the skin.

Cytological Features

During aspiration, the lesions may feel “gritty” as the needle brushes against
calcifications within the lesion. Aspirates show a biphasic population
comprised of sheets and clusters of abundant anucleate squamous cells with
“ghost” nuclei and cohesive clusters of bland basaloid cells. The basaloid
cells are small with high nuclear to cytoplasmic ratios and show an orderly
arrangement without crowding or overlapping of nuclei. Multinucleated
foreign body-type giant cells are also present and calcifications may be seen
in the background (Fig. 4.13). One of the key features, which is best seen in
tissue fragments in the cell block, is an abrupt transition between the basaloid
cells and anucleate ghost cells, without intervening maturing squamous cells
or a granular cell layer.

Fig. 4.13 Pilomatrixoma (a. Diff-Quik stain, low power; b. Papanicolaou stain, low power). Basaloid
cells with orderly arrangement (right). A multinucleated giant cell is present in lower left (a). Scattered
anucleate “ghost cells” are present (b).

Triage
A cell block is often helpful for identifying small tissue fragments that
highlight the abrupt keratinization.



Differential Diagnosis

Differential diagnostic considerations include small round cell neoplasms that
may mimic basaloid cells, or, when the mass overlies the parotid gland of an
older child or adolescent, a cellular monomorphic adenoma or less likely, an
adenoid cystic carcinoma. The presence of squamous ghost cells supports the
diagnosis of pilomatrixoma and in difficult cases, immunohistochemical
stains can also be used to exclude small round cell tumors. Smears with
abundant foreign body giant cell reaction may be mistaken for granulomatous
inflammation, but the presence of basaloid and squamous ghost cells and
keratin debris is indicative of pilomatrixoma. In addition, the keratin debris
and ghost cells may raise the possibility of a dermoid or epidermal inclusion
cyst, however basaloid cells are absent in those entities.

Pearl

Pilomatrixoma is one of the most notorious benign mimickers of malignant
small round cell neoplasms, given the basaloid cells and dirty background
that can be mistaken for necrosis [31].

4.5.3 Branchial Remnants

Clinical Features

Incomplete fusion of the branchial arches results in the formation of cysts,
sinuses, and fistulas. Cysts of the second branchial arch are the most common
branchial anomaly, accounting for 90 % of cervical cysts [32]. Branchial
remnants present as masses along the lateral neck. Superficial lesions are
located along the anterior border of the sternocleidomastoid muscle. Deep
lesions usually have sinus tracts that course posterior to the submandibular
gland toward the tonsillar fossa. These commonly are identified in small
children, but may be undetected until they become infected at an older age.
The presence of pain and/or tenderness is suggestive of infection. Although
branchial remnants are usually diagnosed clinically, branchial cysts that are
mistaken for lymph nodes may undergo FNA.

Cytological Features

Smears may have squamous, ciliated respiratory and/or mucinous epithelium,
and some cases are characterized by abundant anucleate squamous cells.
Acute and chronic inflammatory cells may also be present.



Triage

Liquid based cytology may be useful for identifying ciliated cells in
hypocellular aspirates and thereby suggesting the diagnosis of a branchial
cleft cyst.

Differential Diagnosis

Cystic lesions of the neck arise from a variety of different organs and
embryologic remnants in addition to the branchial apparatus, including
thyroid, salivary gland, parathyroid, thyroglossal duct and skin, and it may be
difficult or impossible to differentiate between these lesions based on
cytology alone. However, the benignity of the lesion is usually obvious,
allowing for appropriate management.

4.5.4 Thyroglossal Duct Cysts

Clinical Features

Thyroglossal duct cysts form along the line of embryological migration of the
thyroid and are the second most common congenital pediatric neck mass
[32]. The cysts are located in the anterior midline of the neck anywhere from
the base of the tongue to the thyroid gland. Like branchial cysts, these may
not become apparent until they become swollen and tender after infection.
The typical presentation is a midline or near midline mass in the neck above
the level of the thyroid gland.

Cytological Features

FNA smears of non-inflamed cysts usually show abundant mucus and
scattered fragments of ciliated respiratory epithelium (Fig. 4.14). Squamous
epithelium may be present and if extensive, the squamous cells may be the
only component seen on smears. Inflammation may or may not be present.
Although thyroid tissue may be seen histologically, it is usually not sampled
by FNA.



Fig. 4.14 Thyroglossal duct cyst (a. Diff-Quik stain, low power; b. Papanicolaou stain, high power).
Abundant thick mucoid material with scant cells (a). Clusters of basal and columnar cells with cilia (b,
arrow).

Differential Diagnosis

The main differential diagnostic considerations include other cystic lesions of
the neck, particularly branchial cleft cysts. A midline anatomic location
supports a diagnosis of thyroglossal duct cyst, but does not exclude other
entities; lesions in which smears are comprised predominantly of squamous
cells may be difficult or impossible to distinguish from epidermal cysts or
branchial anomalies. Fragments of respiratory epithelium that contain basal
cells may show mild pleomorphism and overlapping (stratification) of the
nuclei, which may raise the possibility of malignancy; however, absence of
overtly malignant nuclear features helps to confirm the benignity of the
lesion.

4.5.5 Vascular Malformations

Clinical Features

Vascular malformations, including hemangiomas, lymphangiomas, and cystic
hygromas, are most commonly seen in the neck, but may occur in the face or
oral cavity. Superficial vascular malformations are usually diagnosed
clinically and rarely undergo FNA. Subcutaneous lymphangiomas are usually
diagnosed by radiologic imaging, but clinically ambiguous lesions, such as
those that are small and firm on palpation, are occasionally aspirated.
Although the lesions are usually present at birth, they may not be apparent
clinically until later in life. The presence of thrombosis may result in an



increase in the size of the lesion and also give the radiologic impression of a
mass, prompting FNA.

Cytological Features

Aspirates are characterized by abundant clear to serosanguineous to brown
fluid, depending on the type of vascular lesion and presence or absence of old
blood. Smears vary from acellular to having variable amounts of old blood,
which is distinguished from fresh hemorrhage or vascular puncture by the
absence of neutrophils and presence of pale or crenated red cells and often,
hemosiderin-laden macrophages (Fig. 4.15). Rare clusters of endothelial cells
(simple squamoid cells) may also be present. Lymphangiomas are
characterized by scattered lymphoid cells and proteinaceous fluid, and often
disappear upon aspiration.

Fig. 4.15 Vascular malformation (Diff-Quik stain, high power). Old blood with crenelated red blood
cells and hemosiderin-laden macrophages.

Triage
Liquid based cytology can be helpful for identifying cellular elements, as it
decreases the obscuring blood and concentrates the specimen.

Differential Diagnosis

The differential diagnosis includes fresh blood from a vascular puncture
and/or an inadequate, hemodilute sample. Hemosiderin-laden macrophages
are an important clue to the vascular nature of the lesion. The watery, clear
fluid obtained from some lymphangiomas can mimic a parathyroid cyst.



Analysis of the fluid for parathyroid hormone (PTH) resolves the diagnosis.

4.6 Bone and Soft Tissue

FNA of pediatric bone and soft tissue lesions is covered in Chap. 5. The
discussion here will be limited to the incidence and distribution of the more
common cases in the head and neck region. Sarcomas, in general, account for
14 % of malignancies of the head and neck region [33]. Bone lesions are not
commonly subjected to FNA biopsy unless there is destruction/erosion of the
cortex or soft tissue extension allowing access to the lesional tissue.
Additionally, the bones of the head and neck are frequently either difficult to
approach (facial bones and spine) or covering sensitive areas (calvarium).
Bone sarcomas are infrequently seen in the head and neck. However,
approximately 10 % of osteosarcomas present in the head and neck, more
commonly as a secondary malignancy in patients who received prior
radiation than as primary tumors. Osteosarcomas in the head and neck most
commonly involve the mandible and maxilla, are more likely to be
chondroblastic, and are often low to intermediate grade [33].

4.6.1 Ewing Sarcoma /Primitive Neuroectodermal
Tumor (PNET)

Clinical Features

Ewing sarcoma/PNET is the second most common sarcoma in the pediatric
population. However, less than 10 % of cases occur in head and neck. Unlike
osteosarcoma, Ewing sarcoma is more likely to involve the calvarium.

Cytological Features

These tumors are characterized by a monomorphous population of single and
loosely cohesive small round cells with scant cytoplasm and finely granular
chromatin. Lighter (viable) and darker (degenerating) cells are usually
evident. Pseudorosettes are seen in some tumors. In air-dried smears, the
background may appear tigroid due to the presence of glycogen released from
disrupted cells.

Triage
Collection of additional material for a cell block is critical, as immunostains



and FISH are needed to support the diagnosis and exclude other small round
cell tumors. High quality unstained smears may be preferable to sections of
the cell block for FISH studies looking for an EWS gene rearrangement.

Differential Diagnosis
The differential diagnosis includes other small round cell tumors of
childhood.

4.6.2 Rhabdomyosarcoma

Rhabdomyosarcoma (RMS) is the most common sarcoma of the head and
neck region. One third of all rhabdomyosarcomas occur in the head and neck
and 25-35 % of these arise in the orbit or periorbital region. Embryonal
rhabdomyosarcoma is more common, accounting for up to 90 % of cases in
the orbit/periorbital region [33, 34]. Depending on histologic subtype, the
tumors may be composed of round, spindled, or anaplastic cells. Evidence of
rhabdomyoblastic differentiation is variable, but is usually more prominent in
embryonal and spindle cell RMS than in alveolar RMS (Fig. 4.16).
Immunohistochemical stains are important for distinguishing RMS from
other small round cell or spindle cell tumors, and cytogenetic or molecular
studies are needed to distinguish FOXO1 fusion positive and negative cases.
These tumors are discussed in greater detail in Chap. 5.

a

Fig. 4.16 Rhabdomyosarcoma (a. Diff-Quik stain, high power; b. Papanicolaou stain, high power.)
Pleomorphic cells with varying amounts of dense blue cytoplasm. A “tadpole” cell is seen at the bottom
of the cluster (a). Pleomorphic nuclei with uneven granular chromatin (b).



4.6.3 Neuroblastoma

Primary neuroblastoma of the head and neck is rare, accounting for <5 % of
all neuroblastoma [34]. Primary neuroblastoma arises from the sympathetic
ganglia and forms masses in the lateral neck and retropharyngeal space. The
head and neck is much more commonly involved with metastatic disease to
the cervical lymph node chains or periorbital soft tissue. Cytologic specimens
are characterized by the presence of small round cells and/or cells with
ganglionic differentiation in a background of variable amounts of neuropil
and/or schwannian stroma. Pseudorosettes may also be present (Fig. 4.11).
Neuroblastoma is discussed in greater detail in Chap. 7.

4.6.4 Desmoid Fibromatosis

Clinical Features

Desmoid fibromatosis is a locally aggressive fibroblastic tumor. The head
and neck is the primary site in up to 10-15 % of cases [33]. Patients generally
present with a painless, firm, deep seated, slowly growing mass. In general,
desmoid fibromatosis, like most fibrous lesions, yields paucicellular
specimens and is not well suited for FNA. However, occasionally, smaller
desmoid tumors are clinically indistinguishable from other head and neck
masses, particularly when overlying or adjacent to the salivary glands or
thyroid, and thus, are subjected to FNA. In such cases, recognition of the
lesion as a low grade spindle cell proliferation is often sufficient for guiding
surgical management.

Cytological Features

Due to the fibrous nature of the lesion, FNAs tend to be paucicellular, and
may consistent only of blood. Lesional tissue is composed of bland spindled
cells lying singly or enmeshed in fibrous stroma. The nuclei are usually
uniform and elongated without tapered ends. Occasional fragments of dense
fibrous matrix may be also present (Fig. 4.17).



Fig. 4.17 Desmoid fibromatosis (Papanicolaou stain, medium power). Cohesive cellular tissue
fragment composed of slender uniform spindled cells. A scant amount of fibrous stroma is present.

Differential Diagnosis

The differential diagnosis is broad and includes many benign and low grade
spindle cell lesions. Precise classification of these lesions often requires core
biopsy or surgical excision.

4.6.5 Nodular Fasciitis

Clinical Features

Nodular fasciitis is a benign fibroblastic proliferation of the connective
tissues. While the most common location across all ages is in the upper
extremities, in the pediatric population the head and neck is a common
location, comprising up to 40 % of cases in one pediatric series [35—-37].
Patients present with a rapidly growing solitary mass. In the pediatric
population there is often no history of trauma.

Cytological Features

Smears are usually paucicellular with scattered cohesive clusters of uniform,
plump, spindled cells with oval to round nuclei and pale cytoplasm. There is
often a myxoid background which appears metachromatic magenta on
modified Giemsa stains (Fig. 4.18).



Fig. 4.18 Nodular fasciitis (a. Diff-Quik stain, high power, b. Papanicolaou stain, high power). Loose
tissue fragment with plump spindled cells surrounding a fibrous matrix. Scattered inflammatory cells
are seen within the matrix.

Differential Diagnosis

Due to the metachromatic matrix, nodular fasciitis presenting in the region of
the parotid gland may mimic pleomorphic adenoma, but can be distinguished
from that entity by the absence of epithelial and myoepithelial cells [37]. A
variety of spindle cell lesions also enter the differential diagnosis. Desmoid
fibromatosis usually presents as larger lesions with smaller, more slender
nuclei. Neural tumors (schwannoma/neurofibroma) typically have thin wavy
nuclei with tapered ends , and are positive for S100.

Pearls
Recently, a recurrent somatic gene fusion, MYHP-USP6, was discovered in
cases of nodular fasciitis, which may help in diagnosis.

4.7 Other Head and Neck Tumors
4.7.1 Nasopharyngeal Carcinoma

Clinical Features

Nasopharyngeal carcinoma (NPC) is one of the few carcinomas seen in
children. NPC accounts for 1-5 % of all pediatric cancers, but 20-50 % of all
cancers in the nasopharynx. In pediatric patients, virtually all cases are
associated with Epstein—Barr virus infection. There is a prominent ethnic and
geographic distribution with endemic areas in China, Southeast Asia, the



Mediterranean and Alaska. There is a bimodal distribution with an early peak
at 10-20 years in addition to the adult peak at 40—-60 years. In the USA,
children under 16 account for 10 % of all cases of NPC [38]. Patients may
complain of nasal symptoms including obstruction and bloody discharge, or
present with bulky lymphadenopathy from metastatic disease. Up to 80 % of
pediatric patients with NPC present with regional metastasis. In some cases,
the initial diagnosis is made on cervical lymph nodes involved by metastatic
disease.

Cytological Features

Cytologically, these tumors yield cellular smears with sheets and clusters of
large epithelial cells in a background of necrosis. The cells show large oval
nuclei with hyperchromatic chromatin and prominent macronucleoli (Fig.
4.19). The cytoplasmic borders may be indistinct, giving a syncytial
appearance. The clusters of epithelioid cells may also show squamoid
features. A prominent lymphoid infiltrate is often present, even in the primary
tumor.

i

* 3V
#-

4

¥

Fig. 4.19 Nasopharyngeal carcinoma , metastatic to lymph node (a. Diff-Quik stain, high power; b.
Papanicolaou stain, high power). Large cells with mildly pleomorphic oval nuclei in cohesive clusters
in a background of mixed lymphocytes.

Triage

Material should be obtained for a cell block for immunohistochemical stains
and in situ hybridization for EBV (EBER).

Differential Diagnosis



NPCs can mimic basaloid neoplasms of the salivary gland, squamous cell
carcinoma, and other epithelioid and round cell tumors. When present, the
clinical history of a nasopharyngeal mass is an important clue to the correct
diagnosis. In the aspirates obtained from cervical lymph nodes, other large
cell malignancies, such as Hodgkin disease, large cell lymphomas, and
metastatic melanoma or seminoma, also enter the differential. Cohesive
clusters of malignant cells are an important morphological clue to the
diagnosis of NPC and help to distinguish it from these entities.

4.7.2 Langerhans Cell Histiocytosis

Clinical Features

Langerhans cell histiocytosis (LCH) is a neoplastic proliferation of
histiocytes that has been shown to have BRAF mutations, and is described in
more detail in Chapter 3 (Lymph nodes) [39]. Common sites of involvement
include skin, bone, and the adjacent soft tissue and lymph nodes. It is
characterized by lytic lesions in the bone and is frequently diagnosed
radiologically. Occasionally, solitary lesions of the calvarium with extension
into the scalp tissues may undergo FNA, which allows confirmation of the
diagnosis without the need for neurosurgery.

Cytological Features

Smears show a mixed population of Langerhans histiocytes (LCH cells),
eosinophils, other inflammatory cells, and multinucleated giant cells. The
L.CH cells have moderately abundant cytoplasm and characteristic grooved or
folded nuclei with fine chromatin and small or inconspicuous nucleoli (Fig.
4.20).
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Fig. 4.20 Langerhans cell histiocytosis (Papanicolaou stain, high power). Large cells with folded

nuclei and abundant cytoplasm in a background of abundant eosinophils. Background eosinophils have
brown granules on Papanicolaou stain.

Triage

Collection of material for a cell block is important in order to demonstrate the
characteristic immunophenotype of the LCH cells, which are positive for
CD68, CD1a, langerin, fascin, and S100. Molecular studies could also be
performed to demonstrate a BRAF mutation, but at this time are not routinely
used in evaluation of these lesions [39].

Differential Diagnosis

LCH may be confused with osteomyelitis, or other reactive bony processes.
In addition, other histiocytic disorders should be considered. Identification of
the classic nuclear features of LCH cells provides an important clue to the
correct diagnosis.
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5.1 Introduction

A wide variety of bone and soft tissue lesions are seen in children and
adolescents, including benign and malignant neoplasms , as well non-
neoplastic processes . Evaluation of these lesions traditionally has included
open biopsy to establish a diagnosis prior to definitive treatment. With the
development of increasingly sophisticated imaging techniques that allow
accurate localization and sampling of these lesions, fine needle aspiration
(FNA) and small biopsies are assuming an increasingly important role in the
diagnosis of pediatric musculoskeletal lesions [1-6]. This is particularly true
in light of the trend toward less invasive and more cost-effective diagnostic
procedures. Although limitations and pitfalls exist, FNA is a valuable tool for
the diagnosis of pediatric bone and soft tissue lesions, and can often provide
information on which to base further diagnostic and therapeutic decisions
[1-6]. In many cases, FNA allows accurate diagnosis of primary or metastatic
lesions of bone and soft tissue, thereby obviating the need for a more invasive
and significantly more expensive diagnostic biopsy. In other cases, although
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a definite diagnosis is not possible, FNA is useful for ruling out specific
processes or for narrowing the diagnostic considerations, and in the
appropriate clinical setting, this information may be sufficient for initiation of
therapy. When a definitive cytologic diagnosis cannot be rendered and/or
additional information is needed prior to therapy, material should be obtained
for histologic evaluation. In such cases, rapid on site evaluation of an FNA
can help to confirm that viable, diagnostic tissue is being sampled and guide
triage of concurrent core biopsies.

It is important to note that FNA is not an appropriate tool for the
evaluation of certain pediatric bone and soft tissue lesions. Some bone tumors
have highly characteristic features on imaging studies that, when present, are
virtually diagnostic and obviate the need for a pathologic diagnosis prior to
definitive treatment. In addition, with some exceptions, benign bone lesions
typically have intact overlying cortical bone and are not easily sampled by
FNA or small biopsy. As treatment for many of these lesions is curettage
with or without bone grafting or cementation, intraoperative frozen section or
touch preparation is often the preferred method for confirming benignity
and/or establishing a diagnosis, as well as guiding surgical management.
Similarly, despite having a broad differential diagnosis, many benign-
appearing soft tissue masses are treated by simple excision irrespective of the
specific diagnosis, thereby making preoperative pathologic diagnosis
unnecessary.

Accurate interpretation of FNAs of bone and soft tissue lesions is best
accomplished using an integrated approach in which the cytologic findings
are correlated with the clinical data and imaging studies prior to rendering a
final diagnosis. Integrated assessment of the clinical presentation,
radiographic features, presence or absence of matrix production, and
cytologic features usually allows the cytopathologist to generate a limited
differential diagnosis, and in many instances, a specific diagnosis. In some
cases, additional studies, such as histochemical and immunoperoxidase
stains, flow cytometry, molecular studies, electron microscopy, or cultures,
are needed for a definitive diagnosis. In other cases, the differential diagnosis
can be resolved based on further correlation with clinical and radiographic
data. In such cases, the final cytologic diagnosis is phrased to reflect this fact,
e.g., “Atypical cartilaginous proliferation, consistent with the clinical and
radiographic impression of digital enchondroma.” This chapter describes the
cytologic features of various common and uncommon neoplastic and non-



neoplastic lesions of bone and soft tissue that are encountered in the pediatric
population, as well as key clinical and radiologic features of these entities and
differential diagnostic considerations.

5.2 Bone Lesions

Primary bone tumors, whether benign or malignant, are more common in the
pediatric population than in adults. In children under 10 years of age,
approximately 75 % of bone tumors are benign, whereas malignant
neoplasms comprise close to 50 % of bone tumors in older children and
adolescents. Some genetic disorders are also associated with increased risk of
developing certain bone tumors; for example, patients with germline
mutations in TP53 or RB1 are predisposed to the development of
osteosarcoma.

As already noted, correlation with imaging studies is essential when
evaluating an FNA from a pediatric bone lesion. Particular types of tumors
tend to occur at specific sites within long bones, and thus, the site of
involvement (epiphyseal, metaphyseal or diaphyseal; cortical or medullary)
narrows the differential diagnosis. The presence or absence of matrix and its
appearance also provide important diagnostic clues. Benign osseous lesions
are characterized by orderly ossification, while malignant neoplasms have ill-
defined cloud-like calcifications. Chondroid matrix appears as stippled or
flocculent densities. The pattern of growth is also important and as a general
rule is indicative of biological potential and behavior. The hallmark of a
benign process is containment of the lesion by a rim of reactive host bone. In
a slowly growing lesion, the rim of reactive bone often becomes thickened or
sclerotic. Lesions with this pattern of growth are well circumscribed and have
pushing rather than infiltrative margins. A periosteal reaction is usually
absent, and if present, has a solid appearance. In contrast, infiltration of the
surrounding bone is typical of an aggressive or malignant lesion that has the
potential for local recurrence and/or distant metastasis. Permeation and
destruction of the bone by a rapidly growing lesion result in ill-defined or
“moth-eaten” borders. In addition, rapid erosion and significant weakening of
the cortical bone induces a periosteal reaction, which appears as a complex
pattern of either layering parallel to the cortical surface (“onion skin”) or
spiculation perpendicular to the cortical surface (“sunburst” or “hair on end”).
Another radiographic hallmark of aggressive lesions is Codman’s triangle, an



incomplete triangle formed by periosteum at the interface between a growing
tumor and the normal host bone. A comparison of the key radiographic
features of benign and malignant skeletal lesions is listed in Table 5.1.

Table 5.1 Radiographic features of benign versus malignant lesions of bone

Feature Benign lesions Malignant lesions

Pattern of Pushing Infiltrative

growth No extension or penetration into surrounding |Permeation and destruction of
bone surrounding bone

Borders of Well circumscribed Ill-defined, moth-eaten

lesion Sclerotic rim or “rind” separates lesion from |Infiltration of adjacent host bone
adjacent bone

Periosteal Absent or solid Complex (“onion skin” or “hair on

reaction end”)

Codman’s triangle

A microscopically useful and clinically relevant way of classifying
lesions of bone is based on evidence of matrix production. In general,
destructive processes in the skeleton can be divided into those that show
evidence of matrix production, both radiographically and microscopically,
and those that do not. The former are further subdivided based on the type of
matrix produced, i.e., osteoid, chondroid, chondromyxoid, or myxoid matrix,
or fibrous stroma. Matrix producing lesions of bone and soft tissue can be
non-neoplastic or neoplastic, and benign or malignant.

In cytologic specimens, matrix is best appreciated in air-dried, modified
Giemsa-stained preparations, and is often readily apparent at scanning power.
Osteoid appears as irregular fragments of opaque, intensely metachromatic
stroma, often arrayed in branched or interlacing cords or strands. The edges
of the fragments may be sharply defined or have a frayed, fibrillar
appearance. Variable numbers of benign or malignant osteoblasts are present
within and/or at the periphery of the fragments. Fibrous matrix is also
metachromatic, and varies from dense and opaque to pale and finely fibrillar
or wispy. Fragments can be large or small, and have well-defined, smooth
edges or be frayed and irregular. The fragments may be acellular or have
variable numbers of benign or malignant spindle cells of fibroblastic or
myofibroblastic origin embedded within the stroma. Due to biochemical and
staining similarities, acellular or relatively hypocellular fragments of dense
collagen may be difficult or impossible to distinguish from osteoid.



Chondroid, chondromyxoid, and myxoid matrices, like osteoid, are intensely
metachromatic, but in contrast to osteoid, often occur in large, sheet-like
fragments or clumps. The matrix can appear opaque, or have a fibrillar or
filmy quality, and the borders are often relatively well defined. The fragments
can be acellular, or have variable numbers of benign or malignant cells
embedded in the stroma. Because these matrices are essentially identical, the
principal feature that distinguishes the various chondroid, chondromyxoid,
and myxoid lesions from each other is the type(s) of benign or malignant
mesenchymal cells associated with the matrix.

5.2.1 Osteoid Producing Lesions

A number of lesions of bone produce osteoid and its mineralized end product,
woven bone. Production of lamellar bone, which is the mature, highly
organized matrix of the skeleton, is seen only in osteoma and enostosis (bone
islands). Osteoid is the unmineralized, protein matrix produced by
osteoblasts. This matrix consists of type I collagen (approximately 90 %) and
a number of non-collagenous proteins, including osteocalcin, osteopontin,
osteonectin, and various growth factors. The morphologic separation of
osteoid from fibroblastic collagen is often qualitative; however, this
distinction is important diagnostically. Fibroblastic collagen is laid down by
flattened or spindle shaped fibroblasts and has a distinctly fibrillar,
longitudinal arrangement. In contrast, osteoid forms irregular, amorphous
masses that have a hard, waxy quality. Osteoid appears bright magenta in air-
dried, modified Giemsa-stained smears, and green-blue in wet-fixed,
Papanicolaou-stained preparations. Osteoblasts, that may be benign or
malignant, become entrapped in the matrix, creating a lacy, interwoven
pattern. The major osteoid producing lesions of bone that are encountered in
the pediatric population are listed in Table 5.2.

Table 5.2 Osteoid producing lesions of bone

Benign lesions Malignant lesions

Osteoblastoma Osteosarcoma

Osteoid osteoma Conventional

Fracture callus Surface (parosteal, periosteal, high grade)
Telangiectatic

Aneurysmal bone cyst with reactive bone formation|Small cell
Low grade central




5.2.1.1 Osteoblastoma

Clinical Features

Osteoblastoma (OB) is a rare benign neoplasm, accounting for approximately
1 % of primary bone tumors. Most patients are less than 30 years old, with a
peak incidence in the second decade of life. Patients typically present with
local pain.

Location
OB may arise in any portion of the skeleton, but has a distinct predilection for
the axial skeleton, particularly the spine.

Radiographic Appearance

OB is typically intramedullary, although occasional intracortical examples
occur. In long bones, OB arises in the metaphysis, whereas vertebral OB is
usually located in the posterior elements. OB produces a uniform, sharply
circumscribed, expansile lesion that is usually radiolucent. Periosteal reaction
is generally absent. Calcification of the matrix may be present or absent
radiographically.

Cytological Features

FNA yields moderately cellular smears composed of a polymorphous
population of benign mesenchymal cells, and irregular fragments of osteoid
and woven bone [7, 8]. Osteoblasts, osteoclasts, and fibrovascular stroma
comprise the mesenchymal elements. Osteoblasts are plump, round, or
polygonal cells with well-defined cellular borders, abundant cytoplasm, and
eccentric, round nuclei with evenly dispersed chromatin and a single, round,
often prominent nucleolus. The osteoblasts occur as individually dispersed
cells or in rows “rimming” the fragments of osteoid. Individually dispersed,
true osteoclasts are also present, and characteristically exhibit variation in
size, shape, and number of benign nuclei. Benign spindle cells of fibroblastic
and endothelial origin are arrayed within irregular fragments of fibrous
stroma, and also occur singly. The background is usually bloody, reflecting
the richly vascular nature of OB.

Differential Diagnosis
Differential diagnostic considerations include osteoid osteoma, fracture



callus, and osteosarcoma. Usually, these entities can be distinguished from
each other based on imaging characteristics. Moreover, neither osteoid
osteoma nor fracture callus is likely to undergo FNA. Occasionally OB has
an aggressive appearance on imaging studies, raising concern for
osteosarcoma. However, the cytologically benign appearance of the cells in
OB helps to distinguish this entity from osteosarcoma.

Pearls

Occasional OBs have atypical cytological features that may lead to
misdiagnosis as osteosarcoma, particularly when combined with an
aggressive radiologic appearance. Because osteosarcoma is the most common
primary bone tumor in the second decade of life and is far more common
than OB irrespective of the patient’s age, histologic evaluation of tumors with
atypical features is imperative to avoid misdiagnosis and guide appropriate
treatment.

5.2.1.2 Osteoid Osteoma

Clinical Features

The majority of cases of osteoid osteoma (OO) occur in the second decade of
life. OO is usually associated with marked pain that is worse at night and
relieved with aspirin.

Location
OO may arise in any portion of the skeleton, and almost always involves
cortical bone. Occasional subchondral and intramedullary lesions occur.

Radiographic Appearance

The characteristic radiographic appearance of intracortical OO is that of a
well-circumscribed, lytic lesion surrounded by excessive sclerosis and
reactive bone formation. The central lytic region, termed the nidus, is almost
always less than 1 cm in diameter and by definition, less than 2 cm. Although
periosteal new bone formation is characteristic, a true periosteal reaction is
absent.

Cytological Features
To our knowledge, cytologic diagnosis of OO by FNA has not been reported.
The diagnosis is usually apparent from the clinical history and radiographic



findings, and this, combined with the characteristic intracortical location and
extensive peripheral sclerosis, makes aspiration of OO highly unlikely.

5.2.1.3 Conventional Osteosarcoma

Clinical Features

Osteosarcoma (OS) is the most common primary malignant tumor of bone
and more than 60 % of patients present in the second decade of life. While
most osteosarcomas are sporadic, there is an increased incidence of this
tumor in patients with hereditary retinoblastoma, Li—Fraumeni syndrome, and
Rothmund-Thomson syndrome. Secondary or post-irradiation osteosarcoma
may also occur in childhood. Primary conventional osteosarcoma is 1.5 times
more frequent in males than females. The usual presenting symptom is pain
with or without swelling that can be present for weeks or months. Pathologic
fractures are present in 5-10 % of patients.

Location
OS has a predilection for the metaphyseal portion of long bones, particularly
the distal femur, proximal tibia, and proximal humerus.

Radiographic Appearance

OS characteristically appears as a large, poorly defined, infiltrative,
metaphyseal lesion arising in the medullary bone and extending through the
cortex to form a large soft tissue mass. A periosteal reaction, usually of the
hair on end, sunburst or onion skin type, and Codman’s triangle are present.
Lesions are usually mixed lytic and blastic, the latter feature reflecting matrix
production. Occasionally, OS is purely lytic.

Cytological Features

OS has a spectrum of cytologic appearances, reflecting the histologic
variability of these neoplasms [7, 9—11]. FNA of conventional OS yields
variably cellular smears, depending on the amount of matrix within the area
sampled. Aspirates are composed of varying proportions of malignant
osteoblasts, spindle cells and bizarre, multinucleated tumor giant cells (Fig.
5.1a). In addition, scattered osteoclast-like giant cells are often present. The
malignant cells show considerable anisocytosis, nuclear pleomorphism, and
increased nuclear to cytoplasmic ratios. Nuclei are characterized by absolute
enlargement, irregular contours, coarsely clumped chromatin, and prominent,



irregular nucleoli. The malignant cells occur as individually dispersed
elements, in irregular aggregates, and in association with osteoid or other
matrix (Fig. 5.1b).

Fig. 5.1 Conventional osteosarcoma , osteoblastic subtype (a. Papanicolaou stain, medium power; b.
Diff-Quik stain, medium power). Osteosarcoma is composed of obviously malignant osteoblasts and
spindle cells, with occasional bizarre multinucleated giant cells and osteoclastic giant cells. The cells
occur singly and in loosely cohesive clusters (a). Marked anisocytosis and nuclear pleomorphism are
evident in this example of osteosarcoma. Magenta-colored matrix is present between and around some
of the tumor cells in the cluster (b).

The amount of osteoid varies considerably, and may dominate the smears
or be exceedingly scant and focal. Osteoid can be distinguished from dense
collagen in the air-dried, modified Giemsa-stained smears by its amorphous,
lace-like quality in combination with the presence of entrapped or
individually dispersed malignant cells reminiscent of osteoblasts. In cases
lacking these features, osteoid may be difficult or impossible to distinguish
from dense collagen. In addition to osteoid, chondroid and fibrous matrices
may be present in aspirates from chondroblastic [12] and fibroblastic OS,
respectively (Fig. 5.2).



Fig. 5.2 Conventional osteosarcoma , chondroblastic subtype (Papanicolaou stain, medium power).
Irregular fragments of chondroid matrix are present in this smear comprised of highly pleomorphic,
overtly malignant cells.

Differential Diagnosis

The overtly malignant nature of these tumors is usually apparent thereby
limiting differential diagnostic considerations, particularly when osteoid is
evident. In the absence of convincing osteoid, cytologic distinction from
chondrosarcoma and fibrosarcoma may be difficult or impossible [12].

Pearls

Preparation of a cell block can be helpful for identifying osteoid matrix (Fig.
5.3). In osteoid poor tumors, an immunoperoxidase stain for SATB2 can help
to confirm the osteoblastic origin of the neoplasm; however, other
immunoperoxidase stains are not helpful as OS can be positive for a variety
of mesenchymal, as well as epithelial markers. Cytogenetics reveals a
numerically and structurally complex karyotype and may help to distinguish
OS from tumors characterized by recurrent translocations.
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Fig. 5.3 Conventional osteosarcoma (Cell block, H&E stain, high power). Cell block preparations can
help to confirm the presence of osteoid, which may be inconspicuous in smears. Delicate osteoid with
focal evidence of calcification is evident between and around cells in this fragment of tissue from an
osteosarcoma.

5.2.1.4 Other Variants of Osteosarcoma

Although a detailed discussion of the different variants of OS is beyond the
scope of this chapter, cytopathologists should be aware of these entities.

Small Cell Osteosarcoma

This variant of OS comprises less than 2 % of OS and, as the name implies, is
composed of small round cells. Osteoid matrix can be exceedingly scant, and
rare examples may also have focal chondroid matrix. The cytologic features
of small cell OS are considerably different from those of other types.
Aspirates are composed of small round or ovoid cells with scant cytoplasm,
oval to elongate nuclei with finely dispersed or clumped chromatin, and very
high nuclear to cytoplasmic ratios. Nuclear pleomorphism is present, but may
not be marked. Cells occur singly and in cohesive fragments. When osteoid is
scant or absent in aspirate smears, small cell OS may be mistaken for Ewing
sarcoma or metastasis from a pediatric small round cell tumor.
Immunoperoxidase stains and fluorescent in situ hybridization for EWSRI,
FOXO1, and SS18(SYT) can be helpful for excluding these entities.

Telangiectatic Osteosarcoma
This variant, which comprises less than 4 % of OS, is a high grade
intramedullary tumor with prominent intralesional blood-filled spaces and



scant evidence of osteoid formation. Radiographically, these lesions are
purely lytic with extensive destruction of bone and often, soft tissue
extension. Aspirates are usually bloody and may have a paucity of diagnostic
malignant cells, thereby mimicking aneurysmal bone cyst or a vascular
lesion.

Low Grade Central Osteosarcoma

This rare variant, which comprises 1-2 % of OS, lacks the marked nuclear
pleomorphism that characterizes conventional OS. Tumors are composed of
hypocellular fibrous tissue with variable amounts of osteoid and woven, or
occasionally lamellar, bone, and due to the bland appearance of the malignant
cells, may be confused with fibrous dysplasia. This variant typically
progresses more slowly than conventional OS and has a better prognosis.
Low-grade central osteosarcomas have also been shown to have MDM?2
amplifications, which can help to distinguish it from benign mimics.

Juxtacortical Osteosarcomas (Parosteal, Periosteal, and High Grade
Surface)

These tumors originate from the periosteal surface of the bone and typically
grow outward as well as into the cortex, with minimal or no involvement of
the underlying medullary bone. High grade surface OS accounts for less than
1 % of OS and is morphologically and biologically indistinguishable from
conventional OS. In contrast, parosteal and periosteal OS are characterized by
slow growth and have a better prognosis than conventional OS. Parosteal OS
accounts for approximately 4 % of OS and is characterized by a proliferation
of spindle cells within a predominantly fibrous stroma with well-formed bony
trabeculae in parallel array. The spindle cells tend to show minimal cytologic
atypia. Periosteal OS comprises less than 2 % of OS and usually appears as a
lytic lesion with scalloping of the outer cortex. This variant of demonstrates
abundant cartilaginous matrix. The cytologic features are those of an
intermediate grade malignant neoplasm.

5.2.1.5 Fracture Callus

On occasion, an early or incipient fracture can mimic a sarcoma both
clinically and pathologically. In addition, benign as well as malignant lesions
of bone can lead to pathologic fracture, and the presence of fracture callus
can make interpretation of the FNA or small biopsy difficult. For these



reasons and to avoid false positive diagnoses, it is important that one be
familiar with the pathology of fracture callus.

In an acute fracture, there are hemorrhage, variable tissue damage, and
necrosis of adjacent bone and marrow. The hematoma and necrosis stimulate
rapid proliferation of mitotically active, spindled mesenchymal cells that
appear atypical. After approximately 1 week, primitive osteoid and chondroid
matrices are produced by the cells of the callus. This early osteoid and
chondroid is disorganized and at this stage, is most likely to be confused with
an OS. By the second week, the osteoblasts begin to appear in single rows
along the periphery of osteoid, a phenomenon known as “osteoblastic
rimming.” The osteoblasts are plump and uniform, and appear to be at the
same maturational stage. The islands of cartilaginous matrix show gradual
transition to osteoid at their periphery (chondro-osseous bone). The orderly
arrangement of osteoblasts in rows, the uniformity of the cells, and the
gradual transition from one matrix type to another without a change in the
appearance of the cells distinguish this process from sarcoma.

As evident from the previous discussion, the features of fracture callus in
FNA vary with age of the fracture. Aspirates from acute fractures may
contain old blood, spicules of necrotic lamellar bone, fragments of necrotic
tissue, and highly atypical spindled mesenchymal cells occurring singly and
in irregular fragments. In maturing fractures, fragments of osteoid, chondroid,
and eventually chondro-osseous bone are also present, while the number of
primitive spindled mesenchymal cells decreases. Preparation of a cell block
can help to distinguish fragments of fracture callus from more ominous
lesions.

5.2.2 Chondroid Producing Lesions

Cartilaginous tumors of the skeleton are a major source of diagnostic
difficulty, in both cytologic and histologic specimens. This is due, in part, to
the tremendous amount of overlap in the morphologic spectrum of these
lesions [13]. But in addition, considerable histologic variation often exists
within a single tumor. In lesions that are deemed malignant, grading is
sometimes difficult and is more subjective than in other neoplasms.
Fortunately, differentiating low grade lesions with minimal risk of metastasis
from high grade lesions is usually not a problem, and clinically, is the most
relevant distinction.

It is critically important to include the clinical data, particularly the



presence or absence of pain, and the radiographic findings in the evaluation
of cartilaginous tumors. The plain films provide crucial information regarding
the bone involved and the pattern of growth, both of which are important
predictors of benign or malignant behavior. Tumors of the pelvis, axial
skeleton and proximal ends of long bones are more likely to behave in a
malignant fashion than lesions in the distal extremities and tubular bones of
the hands and feet. When different patterns of growth are evident, the
radiographic studies also guide the selection of the most appropriate area of
the lesion to sample. Heavily calcified areas are more likely to be benign or
low grade, whereas purely lytic areas usually represent a higher grade
malignancy. The major chondroid producing lesions of bone are listed in
Table 5.3.

Table 5.3 Chondroid producing lesions of bone

Benign lesions Malignant lesions
Enchondroma Chondrosarcoma

Grade I, II, & III
De-differentiated

Mesenchymal

Osteochondroma Secondary low grade chondrosarcoma arising within
osteochondroma

Periosteal chondroma (Juxtacortical Periosteal osteosarcoma

chondroma) Periosteal chondrosarcoma

Chondromyxoid fibroma Myxoid chondrosarcoma

Chondroblastoma Clear cell chondrosarcoma

Synovial chondromatosis

Fracture callus

5.2.2.1 Enchondroma

Clinical Features

Enchondroma (EC) is a common benign bone tumor that occurs over a broad
age range. Most solitary lesions in the pediatric population present in the
second decade of life, whereas those associated with enchondromatosis
syndromes manifest in infancy or early childhood. Most of the solitary
tumors are asymptomatic and are incidental findings, or present after
pathologic fracture. In contrast, enchondromatosis syndromes (Ollier disease,
Maffucci syndrome) are characterized by multiple enchondromas involving



multiple sites. The resulting skeletal deformities and symptoms vary
depending on the sites involvement. Enchondromatosis is also associated
with increased risk of malignant degeneration of EC.

Location

The most common location of EC is in the tubular bones of the hands. EC is
also seen in the proximal humerus, proximal femur, distal femur and other
locations, particularly in enchondromatosis.

Radiographic Appearance

EC arises in the medullary space, usually in the metaphysis. Most solitary
lesions are small, lytic, and expansile, with well-demarcated borders.
Calcifications, that are described as rings, flocculent, fluffy, or popcorn-like,
are characteristic and often, abundant. Cortical destruction or a soft tissue
mass is unusual, and should raise the possibility of malignancy.

Cytological Features

FNA of enchondroma yields paucicellular smears dominated by mature
cartilaginous matrix (Fig. 5.4). The benign chondroid has a filmy or granular
quality, appears bright magenta to purple in air-dried, modified Giemsa-
stained and blue-green to blue-gray in Papanicolaou-stained preparations.
Fragments of matrix occasionally have a lobulated appearance that
recapitulates the histologic pattern. Embedded in the matrix are variable
numbers of uniform, round or ovoid cells, usually within lacunar spaces.
Cells have small, round, dark nuclei without nucleoli. Nuclear detail is
typically difficult to discern. Binucleated cells are rare. Multinucleated forms
and mitotic figures are absent. Cells occur singly, as doublets, or occasionally
as clusters within the lacunae. Individually dispersed cells may also be
identified. Foci of calcification within the matrix are often, but not always,
evident. In contrast to EC arising in other sites, digital EC often shows
hypercellularity and cytologic atypia.



Fig. 5.4 Enchondroma (Diff-Quik stain, medium power). Irregular fragments of hyaline-type cartilage
are present in this aspirate from a digital enchondroma. Although the cellularity is mildly increased,
cytologic atypia is absent.

Differential Diagnosis

The major differential diagnostic consideration is low grade chondrosarcoma.
Because hypercellularity and mild cytologic atypia are characteristic of
digital EC, it is important not to overinterpret these findings as indicative of
malignancy in lesions arising in the fingers and toes. Regardless of site, both
significant myxoid degeneration and necrosis should be absent, and if
present, should arouse suspicion of malignant transformation. Table 5.4
summarizes the features that help to distinguish enchondroma from low grade
chondrosarcoma.

Table 5.4 Useful features for distinguishing enchondroma from low grade chondrosarcoma

Feature Enchondroma Low grade chondrosarcoma
Binucleated Occasional (EC < LCS) Occasional to frequent (LCS >
cells EC)
Cellular Small, bland cells Larger, “plump” cells
morphology  [pop-t il lacunar space Tend to fill lacunae

Atypia absent or minimal except in digital EC Mild atypia
Nuclear Small, round nuclei Larger, round nuclei
morphology

Dark, pyknotic-appearing nuclei, chromatin detail ~ + evenly dispersed open
absent chromatin

+ small nucleoli

Pattern of Well circumscribed Infiltrative
growth

Usually surrounded by a rim of trabecular bone Invades/surrounds host bone



Lobulated architecture Erodes and destroys cortex

Architecture is less organized

Skeletal Small bones hand and feet, long bones especially | Pelvis, axial skeleton, proximal

location femur and humerus long bones

Clinical history | Painless, usually asymptomatic Usually painful (+ night or rest
Most often discovered incidentally or after pain)

pathologic fracture

Pearl
The radiographic appearance of EC is often diagnostic and treatment is
curettage; thus, these lesions are rarely sampled by FNA.

5.2.2.2 Chondromyxoid Fibroma

Clinical Features

Chondromyxoid fibroma (CMF) is a very rare benign bone tumor. The vast
majority of patients are between 5 and 30 years of age at presentation. CMF
is usually asymptomatic, but may present with long standing, intermittent
pain. When lesions occur in the small bones of the hand or feet, local
swelling may be noted.

Location
CMF most often arises in the lower extremities, particularly the proximal
tibia.

Radiographic Appearance

CMF is an eccentric, metaphyseal, lytic lesion with sharply circumscribed,
sclerotic margins. The borders typically have a scalloped appearance.
Cortical thinning is typical and may be marked. If present, cortical expansion
is usually minimal. Periosteal reaction is absent.

Cytological Features

FNA of CMF yields mildly to moderately cellular smears composed of
fragments of chondromyxoid matrix admixed with stellate, spindled, and
round cells [14]. The stellate and spindled cells may be mildly pleomorphic,
with variably shaped nuclei and finely clumped to dark chromatin.
Binucleated and multinucleated forms may be identified. The stellate and
spindled cells appear to float in the chondromyxoid matrix, and also occur as



individually dispersed elements. Variable numbers of uniform, small, round
to ovoid cells that are morphologically similar or identical to chondroblasts
are also present, either singly or in small clusters. These cells have dense,
well-defined cytoplasm and relatively uniform, round to ovoid nuclei with
pale, finely dispersed chromatin. Nuclear grooves or convolutions may be
seen. Mitotic figures are absent. The chondromyxoid matrix has a watery or
filmy quality, and appears magenta or pale purple in air-dried modified
Giemsa-stained smears and pale blue-green or gray-blue in Papanicolaou-
stained preparations.

Differential Diagnosis

Differential diagnostic considerations include chondromyxoid fibroma-like
conventional osteosarcoma and a chondrosarcoma. In contrast to CMF, these
entities have aggressive radiographic appearances and are characterized by a
greater degree of cytologic atypia.

5.2.2.3 Chondroblastoma

Clinical Features

Although chondroblastoma occurs over a wide age range, approximately 75
% of patients present in the second decade of life. CB is rare in patients less
than 10 years old. Patients typically present with gradually increasing pain of
long duration. Swelling and decreased range of motion may occur, but are
usually late symptoms.

Location
CB is most often located in the proximal humerus, distal femur, or proximal
tibia.

Radiographic Appearance

CB is located within the epiphysis or apophysis. Lesions are small, lytic
defects with sharply circumscribed, sclerotic borders. Speckled calcifications
may be present.

Cytological Features

FNA of CB yields variably cellular smears dominated by small, mononuclear
cells occurring singly and in small clusters, admixed with osteoclast-like
giant cells and fragments of chondroid matrix (Fig. 5.5) [15, 16]. The



mononuclear cells have dense cytoplasm, sharp cytoplasmic borders, and
eccentric, round to oval nuclei with finely dispersed chromatin, and absent or
inconspicuous nucleoli. Nuclei often have longitudinal grooves or
convolutions. The fragments of chondroid matrix are typically small, have an
amorphous or fibrillar quality, and may be calcified. Cellular aggregates in
which matrix surrounds individual mononuclear cells in a “chicken-wire”
pattern, with or without calcification, may be present and are virtually
diagnostic of this entity.

Fig. 5.5 Chondroblastoma (a. Papanicolaou stain, high power; b. Cell block, H&E stain, high power;
c. Cell block, DOG1 immunoperoxidase stain, high power). Chondroblastoma is comprised of
mononuclear cells admixed with multinucleated giant cells. The cells occur singly and in small loosely
cohesive aggregates. Nuclei in the mononuclear cells are ovoid with finely dispersed chromatin, small
nucleoli, and nuclear grooves (a). The cell block shows mononuclear cells with nuclear grooves
interspersed with multinucleated giant cells (b). An immunoperoxidase stain for DOGI is positive in a
subset of the mononuclear cells in this cell block preparation (¢). (Image of DOG1 immunoperoxidase
stain courtesy of Dr. Jeffrey Goldstein).

Differential Diagnosis



The main differential diagnostic consideration is giant cell tumor of bone
(GCT). Although GCT can occur in the pediatric population, it is more
common in skeletally mature individuals. In contrast to CB, mononuclear
cells of GCT lack nuclear grooves and their nuclei resemble those of the
multinucleated giant cells. In addition, the giant cells in GCT typically have
many more nuclei (sometimes greater than 50) than those of CB. The
mononuclear cells in CB are positive for DOG1, a feature that can help to
confirm the diagnosis (Fig. 5.5).

Pearl
Cell block preparations can help to demonstrate the characteristic chicken-
wire calcifications.

5.2.2.4 Chondrosarcoma

Clinical Features

Chondrosarcoma (CS) usually occurs in patients older than 40 years of age,
and is rare in persons under 20 years of age. Usually, there is a history of pain
that may be of long duration. Rest pain or night pain is not uncommon. CS
may be primary, or arise in a previously benign lesion, such as
osteochondroma or enchondroma. Patients with osteochondromatosis or
enchondromatosis are at increased risk for secondary CS. Mesenchymal
chondrosarcoma (MCS) is a rare variant of CS, comprising 3—10 % of
tumors, and has a uniformly dismal prognosis. MCS tends to occur at a
younger age than conventional CS, with a peak incidence in the second and
third decades of life.

Location

More than three quarters of primary chondrosarcomas are located in the axial
skeleton (especially the pelvis), and the proximal femur and humerus. The
most common sites of involvement by intraosseous MCS are the craniofacial
bones, ribs, ilium, and vertebrae. MCS may also develop extraskeletally in
the soft tissues of the head, neck, and lower extremities, and occasionally in
the meninges.

Radiographic Appearance
CS appears as a poorly demarcated, lytic lesion that erodes or destroys the
cortex. In large lesions, extension into soft tissue is common. A periosteal



reaction is usually absent in low grade CS, but present in high grade tumors.
Speckled calcification may be present, but is less than seen in the typical EC
and decreases in amount with increasing grade of tumor. MCS tends to be
less heavily mineralized than conventional CS.

Cytological Features

The cytological appearance varies with the grade of the tumor. FNA of low
grade CS yields variably cellular smears in which malignant chondrocytes
occur singly, in small clusters, and embedded within chondroid matrix (Fig.
5.6) [13]. Individually dispersed cells are round, oval, or polygonal with
abundant vacuolated or granular cytoplasm. Nuclei are relatively uniform,
round to oval, and have fine to coarse, evenly dispersed chromatin. Nucleoli
may be absent, and when present, are small, round, and regular. Binucleated
forms may occur. Within the matrix, cells occur singly, as doublets or in
small clusters within lacunar spaces. Cells are plump, and tend to fill lacunar
spaces. The chondroid matrix is dense or opaque, and has an amorphous
quality. Foci of myxoid degeneration may be present, and impart a fibrillar or
stringy quality to the matrix.

Fig. 5.6 Chondrosarcoma , grade 2 (a. Papanicolaou stain, medium power; b. Papanicolaou stain, high
power). Irregular fragments of hypercellular cartilaginous matrix, as well as scattered single cells, are
present in this smear from a low grade chondrosarcoma (a). At high magnification, mild cytologic
atypia is evident. Overt anaplasia is absent (b).

In contrast, FNA of high grade CS typically yields moderately to highly
cellular smears in which cellular and nuclear pleomorphism are readily
apparent. Nuclei are enlarged and hyperchromatic, with irregular contours



and prominent, often irregular nucleoli. Variable numbers of anaplastic cells
are present and can be the predominant cell type. Mitotic figures, including
abnormal forms, are present and may be abundant. Myxoid degeneration
and/or necrosis may be evident. The amount of chondroid matrix may be
scant in high grade lesions.

Aspirates from MCS yield highly cellular smears dominated by small,
round cells that occur singly and in loosely cohesive aggregates (Fig. 5.7).
These cells have scant or moderate amounts of granular cytoplasm, distinct
cellular borders, and central, round to oval nuclei with coarsely granular
chromatin and small nucleoli. The nuclear membranes are smooth and
thickened, and longitudinal nuclear grooves may be present. A chondroid
component indistinguishable from usual CS is usually present, but may be
extremely scant or absent, making distinction from other small round cell
tumors difficult. Necrosis may be present.
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Fig. 5.7 Mesenchymal chondrosarcoma (Papanicolaou stain, high power). Chondroid matrix is
usually present in mesenchymal chondrosarcoma but can scanty and focal. In this field the tumor cells
are embedded in pale chondroid matrix that has a frayed, stringy appearance.

Differential Diagnosis

In low grade CS, the primary differential diagnostic consideration is
enchondroma. Features that help to distinguish these lesions are summarized
in Table 5.4. In high grade CS, conventional osteosarcoma is the main
consideration. The presence or absence of osteoid distinguishes these lesions
from each other. MCS must be distinguished from Ewing sarcoma and
metastatic small cell tumors. The presence of matrix helps to distinguish



MCS from other small round cell tumors, but when matrix is absent
immunoperoxidase stains can be used to confirm the diagnosis. Cells in the
chondroid component are positive for S100, while those in the small cell
component are positive for SOX9 and negative for FLI-1.

Pearls

The distinction between low grade CS and EC may be difficult or impossible
on cytologic preparations. Radiographic correlation is essential; however,
when imaging studies are equivocal a core or open biopsy should be
considered. In practice, a cytologic diagnosis of “low grade cartilaginous
neoplasm” may suffice, as treatment for both EC and low grade CS is
complete curettage. The distinction between high grade CS and
chondroblastic OS is more problematic, as high grade CS is treated by
surgical resection, whereas treatment for OS is neoadjuvant chemotherapy
followed by surgical resection. In the absence of convincing osteoid in an
FNA, a core or open biopsy is needed to resolve the differential diagnosis.

5.2.3 Fibrous and Fibrohistiocytic Lesions

Without Associated Bone Formation

A number of fibrous and fibrohistiocytic lesions of bone without associated
bone formation occur in the pediatric population as summarized in Table 5.5.
However, FNA is rarely used for the evaluation of these lesions. Non-
ossifying fibroma, giant cell reparative granuloma, and adamantinoma each
has a characteristic radiographic appearance that obviates the need for
pathologic diagnosis prior to definitive treatment in most cases. Similarly,
brown tumor of hyperparathyroidism can be suspected based on clinical
history and in the absence of unusual radiographic features is unlikely to
undergo FNA or small biopsy. Desmoplastic fibroma is a locally aggressive
tumor that is most common in adolescents and young adults, but is
vanishingly rare (less than 0.1 % of bone tumors). Fibrosarcoma of bone is a
rare and controversial entity, the hallmark of which is absence of
differentiation other than fibroblastic. Most previously reported examples of
this tumor likely represent other entities. The diagnosis is one of exclusion.
Given the rarity of these tumors and/or the very low likelihood of
encountering these entities in cytological specimens, further discussion of
these tumors is beyond the scope of this chapter.



Table 5.5 Fibrous lesions without associated bone formation

Benign lesions Malignant lesions
Desmoplastic fibroma of bone (desmoid tumor of bone) Fibrosarcoma
Non-ossifying fibroma/benign fibrous histiocytoma of bone | Adamantinoma

Giant cell reparative granuloma

Brown tumor of hyperparathyroidism

5.2.4 Fibrous Lesions with Associated Bone

Formation (Fibro-Osseous Lesions)

Fibro-osseous lesions of bone are uncommon overall. The most common
fibro-osseous lesions encountered in the pediatric population are listed in
Table 5.6. These lesions either have a characteristic radiographic appearance

or are difficult to access by FNA and thus, are rarely encountered in cytologic
specimens.

Table 5.6 Fibro-osseous lesions of bone

Benign lesions Malignant lesions
Fibrous dysplasia Parosteal osteosarcoma
Osteofibrous dysplasia (ossifying fibroma)| Adamantinoma
Resolving (healing) osteomyelitis

5.2.5 Lesions with a Prominent Giant Cell Component

Giant cells are a ubiquitous feature of osseous tumors, but in a small number
of benign and malignant lesions, are prominent and diagnostically important.

Table 5.7 lists the major giant cell lesions of bone seen in the pediatric
population.

Table 5.7 Giant cell lesions of bone

Benign/inflammatory lesions Malignant lesions

Giant cell tumor of bone Giant cell rich fibroblastic subtype of conventional
osteosarcoma

Brown tumor of

hyperparathyroidism

Chondroblastoma

Giant cell reparative granuloma

Langerhans cell histiocytosis



Aneurysmal bone cyst

Non-ossifying fibroma

5.2.5.1 Giant Cell Tumor of Bone

Clinical Features

Although giant cell tumor of bone (GCT) generally presents in young adults,
with the peak incidence in the third decade, approximately 10 % occur in the
second decade of life. Lesions are almost always painful, and swelling is
present in about 75 % of cases. Pathologic fracture may also occur.

Location

More than 75 % of GCT are located near the articular end of a tubular bone.
Approximately 50 % occur in the region of the knee. Other sites include the
distal radius, proximal femur, proximal humerus, and distal tibia.

Radiographic Appearance

GCT of long bones invariably involves the epiphysis, usually with
metaphyseal extension. The vast majority of lesions arise eccentrically, and
many abut the articular cartilage. Lesions are lytic, with well-defined borders,
and typically have fine to moderately coarse trabeculations. GCT is usually
confined within the normal bony contour, but may occasionally erode and
expand the cortex. Lesions that extend into the surrounding soft tissues are
usually covered by a thin layer of periosteal new bone. True periosteal
reaction is rare.

Cytological Features

FNA yields moderately or highly cellular smears composed of a biphasic
population of multinucleated osteoclast-like giant cells and mononuclear
stromal cells occurring in large, cohesive sheets, in clusters, and singly.
Within cellular aggregates, giant cells are fairly evenly distributed and
intimately admixed with the mononuclear stromal cells. The latter are plump,
spindled cells with scant to moderate amounts of cytoplasm and nuclei with
granular chromatin and regular, round to oval nucleoli. Mitotic figures are
rare. The osteoclast-like giant cells contain few to greater than 50 nuclei that
are randomly distributed throughout the cytoplasm and are morphologically
identical to those in the mononuclear stromal cells. The latter feature is a
hallmark of GCT, and helps to distinguish it from other lesions with a



prominent giant cell component.

Differential Diagnosis

In the context of the clinical and radiographic features, the principal
differential diagnostic consideration is chondroblastoma, which was
discussed in Sect. 5.2.2.3. The often high number of nuclei in the giant cells
and their morphologic similarity to those of the mononuclear cells are
hallmarks of GCT, and help to distinguish it from CB and other lesions with a
prominent giant cell component. In some cases, GCT has an aggressive
radiographic appearance that raises the possibility of malignancy. However,
the cells in GCT lack the overtly malignant features seen in osteosarcoma.

5.2.6 Cystic Lesions of Bone

Cystic lesions of bone that are encountered in the pediatric population are
listed in Table 5.8. The benign, cystic nature of simple, unicameral and
ganglion cysts of bone is readily apparent on imaging studies and therefore,
these lesions rarely undergo FNA or small biopsy prior to definitive treatment
with curettage and bone packing. Aspirated fluid obtained at the time of
surgery may be submitted for cytological evaluation. Specimens are typically
paucicellular and comprised of bland spindle cells admixed with histiocytes.
Rarely, small fragments of characteristic cementum-like matrix are present in
intraoperative aspirates from unicameral bone cysts. In contrast to other
benign cystic lesions, aneurysmal bone cyst has a more complex radiographic
appearance that can raise the possibility of either aneurysmal bone cyst
arising in an underlying neoplasm or telangiectatic osteosarcoma. It is these
lesions with solid areas and/or aggressive features that are most likely to
undergo FNA or small biopsy.

Table 5.8 Cystic lesions of bone

Benign lesions Malignant lesions

Aneurysmal bone cyst Telangiectatic osteosarcoma
Primary or secondary

Simple cyst (uncommitted cyst)

Unicameral bone cyst

Ganglion cyst of bone




5.2.6.1 Aneurysmal Bone Cyst

Clinical Features

Aneurysmal bone cyst (ABC) is most common in children and adolescents
with 75 % of lesions occurring in patients under 20 years of age, and has a
peak incidence in the second decade of life. Pain and swelling in the area of
the involved bone are the main symptoms.

Location
ABC may occur in any part of any bone, but has a predilection for long bones
and the vertebral column.

Radiographic Appearance

ABC appears as a well-demarcated, lytic lesion with a sclerotic rim and
fluid—fluid levels. Although ABC can occur in any part of any bone, in long
bones it most often involves the metaphysis. In rapidly growing lesions,
sclerosis is usually absent and marked cortical thinning and a periosteal
reaction are often present, raising concern for malignancy.

Cytological Features

FNA characteristically yields bloody, paucicellular smears [17]. Cellular
elements include variable numbers of osteoclast-like giant cells, hemosiderin-
laden macrophages, and benign spindle cells consistent with fibroblasts and
myofibroblasts. In some cases, osteoblasts and osteoid are also noted. Mitotic
figures may present in the spindle cells, particularly in rapidly growing
lesions, but abnormal forms are absent.

Differential Diagnosis

The main differential diagnostic considerations include secondary ABC
arising in an underlying benign or malignant tumor, and telangiectatic
osteosarcoma. Cytologic evidence of other bone tumors should be carefully
sought to exclude an underlying neoplasm with secondary ABC. The absence
of overtly malignant cells helps to exclude telangiectatic osteosarcoma. USP6
gene rearrangements are found in approximately 70 % of primary ABC but
not in secondary ABC. Identification of a USP6 rearrangement by FISH can
help to confirm the diagnosis and exclude other possibilities.

Pearl



When aggressive radiographic features are present, it is important to exclude
telangiectatic osteosarcoma. Because aspirates from telangiectatic
osteosarcoma are usually bloody, the diagnostic overtly malignant cells can
be sparse and may be overlooked. This pitfall should be borne in mind when
evaluating an FNA from a clinically suspected ABC with atypical or
aggressive features.

5.2.7 Small Round Blue Cell Tumors and

Inflammatory Infiltrates of the Marrow Space

A distinctive group of highly malignant neoplasms of bone are the so-called
small round blue cell tumors (SRBCT). These include Ewing
sarcoma/primitive neuroectodermal tumor (PNET), primary malignant
lymphoma, mesenchymal chondrosarcoma (see Sect. 5.2.2.4), and small cell
osteosarcoma (see section “Small Cell Osteosarcoma”). A number of
metastatic lesions should also be considered in the differential diagnosis of
SRBCT, including neuroblastoma, lymphoma, and rhabdomyosarcoma.

As SRBCTs usually consist of a monomorphous population of small,
round cells with scant cytoplasm and hyperchromatic nuclei, distinction
between these neoplasms may be difficult or impossible without ancillary
studies. Notable exceptions include small cell osteosarcoma and
mesenchymal chondrosarcoma, in which the presence of osteoid and
chondroid material, respectively, allows accurate diagnosis. Unfortunately,
these matrices may be scant or absent in aspirates from these lesions.
Ancillary studies, including histochemical and/or immunoperoxidase stains,
flow cytometry, molecular studies and electron microscopy, usually allow
definitive diagnosis of a SRBCT. Of note, electron microscopy has largely
been replaced by immunoperoxidase stains and is rarely used. The
importance of rapid on site evaluation of aspirates from SRBCT's cannot be
overstated, as it allows collection of additional material for appropriate
ancillary studies, and often obviates the need for a more invasive diagnostic
biopsy.

Table 5.9 lists the common neoplastic and inflammatory small cell lesions
of bone seen in the pediatric population. Features that help to distinguish
some of the more common SRBCT of bone are summarized in Table 5.10.

Table 5.9 Small cell lesions of bone : neoplastic and inflammatory




Benign/inflammatory lesions

Malignant neoplasms

Acute osteomyelitis

Ewing sarcoma/PNET

Chronic osteomyelitis

Malignant lymphoma

Plasma cell osteomyelitis

Small cell osteosarcoma

Langerhans cell histiocytosis

Mesenchymal chondrosarcoma

Metastatic lesions

Neuroblastoma

Lymphoma

Rhabdomyosarcoma

Table 5.10 Useful features for distinguishing between various SRBCT of bone

Features ES/PNET Lymphoma Small cell OS MCS

Cytoplasm ES: scant, indistinct Scant to moderate |Scant to moderate |Scant, distinct
borders; PNET: + borders
wispy extensions

Cytoplasmic Usually prominent Absent Absent Rare

glycogen (PAS +

diastase digestible)

Nuclear features |Oval to round, evenly |Irregular contours; | Round, oval or Oval to
dispersed fine coarse or vesicular |irregular; fine to spindled

chromatin to coarse, |chromatin; clumped chromatin; |shaped; fine to
clumped chromatin, + |nucleoli usually |pleomorphism may |coarse
small nucleoli prominent be present chromatin; +
nucleoli
Matrix Absent Absent Focal osteoid, rarely | Focal chondroid
chondroid (may be scant)
Immunoperoxidase|+ CD99, FLI-1; + + LCA; B-cell: + |+ SATB2 + S100 in
stains synaptophysin, CD?20, others; T- chondroid
chromogranin; () Cell: + CD3, component, +
LCA others SOX9 in small
cell component
Molecular studies |EWSRI T-cell receptor Not helpful Not helpful
rearrangements rearrangements in
T-cell lymphomas
Pattern Single cells, loose Single cells; Single cells Single cells
clusters and lymphoglandular
pseudorosettes bodies
Age range Broad with peak in the |Broad, rare in the |Broad with peak in |Broad
second decade of life |pediatric the second decade
population of life
Extraosseous mass | Usually prominent Usually prominent | Usually prominent |Common




5.2.7.1 Ewing Sarcoma/Primitive Neuroectodermal
Tumor (ES/PNET)

Clinical Features

Ewing sarcoma/PNET is the second most common primary malignant
neoplasm of bone, and 80 % of cases occur within the first two decades of
life. Localized pain and swelling are the most common symptoms.
Occasional patients present with systemic illness, which is usually indicative
of a worse prognosis.

Location
ES/PNET has a predilection for the diaphysis of long tubular bones, although
any portion of any bone may be affected.

Radiographic Appearance

ES/PNET typically appears as a large, poorly defined, lytic lesion with a
moth-eaten appearance. A thin rim of cortex may persist, and an “onion skin”
or “sunburst” periosteal reaction is often present. Extension into the soft
tissue with formation of a large extraosseous mass is characteristic. Matrix
production is absent.

Cytological Features

FNA of ES/PNET yields highly cellular smears in which cells are
individually dispersed and arrayed in loosely cohesive clusters (Fig. 5.8) [18,
19]. Cells are relatively uniform, small and round to ovoid with scant
cytoplasm and indistinct cellular borders. The cytoplasm is often vacuolated
due to abundant glycogen and disruption of the cytoplasm may impart a
tigroid appearance to the background that is best seen in air-dried, modified
Giemsa-stained smears. Cytoplasmic projections may be evident in some
cells and variable numbers of pseudorosettes may also be present. Nuclei are
round to ovoid with finely granular, evenly distributed chromatin and
inconspicuous nucleoli. In some tumors nuclei are more irregular with
clumped chromatin and small nucleoli. Naked nuclei and DNA streaks (crush
artifact) are common. Mitotic figures are typically present, but few in
number. Necrosis is usually present and may be prominent.



Fig. 5.8 Ewing sarcoma (a. Diff-Quik stain, high power; b. Papanicolaou stain, high power). This
hypercellular smear is composed of a relatively monotonous population of round to oval cells with
scant cytoplasm and fine chromatin. Note the “light and dark™ appearance of the cells in this smear (a).
The evenly dispersed, fine chromatin and inconspicuous nucleoli are better seen in the Papanicolaou-
stained preparation. Some cells have delicate cytoplasmic extensions (b).

Differential Diagnosis

Differential diagnostic considerations include primary and metastatic small
round blue cell tumors arising in the pediatric population, including
lymphoma, small cell OS, MCS neuroblastoma, and rhabdomyosarcoma.
Features that help to distinguish ES/PNET from other primary bone tumors
are summarized in Table 5.10. Metastatic lesions can usually be distinguished
from primary ES/PNET of bone on the basis of clinical history with or
without confirmatory immunoperoxidase stains. Recurrent translocations, the
most common of which (>95 %) involve EWSRI1, are also characteristic of
ES/PNET and can be identified using FISH or other molecular studies.
Recently, Ewing-like tumors with translocations involving DUX4 or BCOR
have also been described.

Pearls

e Immunoperoxidase stains and FISH are usually required for definitive
diagnosis of ES/PNET, thus it is essential to submit material for cell
block and when possible, prepare extra smears for FISH. EWSR1
rearrangements are seen in a variety of tumors other than ES/PNET, and
rare ES/PNETSs lack EWSR1 rearrangements, both of which can lead to
misdiagnosis.



¢ In addition, there are now a group of Ewings-like tumors, referred to as
round cell sarcomas, that have more atypical cytologic features, lack the
diffuse membranous CD99 immunostaining, and are more likely to
show diffuse nuclear WT1 positivity.

5.2.7.2 Malignant Lymphoma of Bone

Clinical Features

Primary lymphomas of bone may occur at any age, but are much more
frequent after the second decade of life and are rare in young children. In the
pediatric population, secondary involvement of bone, particularly by
lymphoblastic lymphoma, is far more common than primary lymphoma of
bone. Bone pain is the most common presenting symptom of both primary
and secondary bony involvement.

Location
Malignant lymphoma can occur in any part of any bone.

Radiographic Appearance

These lesions almost always appear malignant radiographically. However, the
appearances are quite variable and characteristic features that suggest the
diagnosis of lymphoma are lacking.

Cytological Features

The cytologic features vary considerably, depending on the type of
lymphoma and are discussed in more detail in Chap. 3. In general, FNA of
lymphoma yields highly cellular smears in which cells occur singly or in
loosely cohesive pseudoepithelial clusters. Due to cytoplasmic fragility, the
background contains numerous lymphoglandular bodies that are best
appreciated in air-dried, modified Giemsa-stained smears. Intact cells are
generally round to ovoid, with scant to moderate amounts of cytoplasm and
indistinct borders. Mild cellular and nuclear pleomorphism is usually evident.
Nuclei are round to ovoid, with irregular nuclear membranes, fine to coarsely
clumped chromatin, and one or more, often irregular nucleoli. Mitotic
figures, including abnormal forms, may be scarce or abundant. DNA streaks
are usually evident. Necrosis is variably present. Nuclear molding is absent.

Differential Diagnosis



Differential diagnostic considerations include other primary and metastatic
small round blue cell tumors. Features that help to distinguish lymphomas
from other primary bone tumors are summarized in Table 5.10. Metastasis
from other small round blue cell tumors can usually be distinguished from
either primary or secondary lymphoma of bone on the basis of clinical
history, with or without confirmatory immunoperoxidase stains. In many
cases, the lymphoid origin of the malignant cells is readily apparent at the
time of rapid on site evaluation. In such cases, additional passes should be
performed for flow cytometry and immunoperoxidase stains. When the cell
of origin is less certain, material should also be obtained for cytogenetics and
molecular studies, whenever possible.

5.2.7.3 Osteomyelitis

Clinical Features

Not infrequently, the acute phase of an aggressive infection involving bone
can mimic a malignancy both clinically and radiographically. Osteomyelitis
can be bacterial, fungal or possibly, viral in origin, and can result from either
hematogenous dissemination or direct surgical or traumatic introduction of
microorganisms.

Location
Osteomyelitis can involve any part of any bone.

Radiographic Appearance

The radiographic findings in osteomyelitis depend on the stage and activity of
the disease. Alterations that are detectable on plain radiographs are not
present until the disease is well established and significant destruction of
bone has occurred. At this stage, acute osteomyelitis appears as a lytic lesion
in which the permeative destruction of trabecular and cortical bone often
mimics malignancy.

Cytological Features

The cytological findings reflect the stage of the disease. In general, aspirates
contain inflammatory cells admixed with necrotic tissue and osteoclasts. In
early lesions, neutrophils and granular, necrotic debris often dominate the
smears, while necrotic trabeculae and osteoclasts are less conspicuous.
Aspirates from later lesions contain a mixed population of neutrophils,



macrophages, lymphocytes, and eventually plasma cells, and both necrotic
trabeculae with or without conspicuous resorption lacunae and osteoclasts are
present in increased numbers. Rarely, microorganisms are identified in
routinely stained preparations or with histochemical stains. In resolving acute
osteomyelitis, smears may be paucicellular and dominated by irregular
fragments of granulation tissue.

Differential Diagnosis

Differential diagnostic considerations include Langerhans cell histiocytosis,
which is discussed in detail in Sect. 5.2.7.4, and necrotic tumor. The
abundance of neutrophils and absence of malignant cells support a diagnosis
of osteomyelitis, as does the demonstration of microorganisms on a smear or
cell block. However, biopsy may be warranted to exclude malignancy in
cases with less prominent neutrophilic inflammation and/or conspicuous
reactive endothelial or myofibroblastic cells derived from granulation tissue.
Whenever possible, material should be obtained for culture and sensitivity.
Polymerase chain reaction (PCR) can help to identify the causative
microorganism in some cases.

5.2.7.4 Langerhans Cell Histiocytosis

Clinical Features

Langerhans cell histiocytosis (LCH) involving bone generally presents in the
first two decades of life, with a peak incidence between 5 and 10 years. LCH
has a broad spectrum of clinical presentations with highly variable prognoses.
Older children typically present with single or multiple skeletal lesions that
usually follow a benign course and either regress spontaneously or require
minimal treatment. In contrast, infants and very young children may present
with multifocal, multisystem disease, which can progress to organ failure and
has an aggressive or sometimes fatal clinical course. Bone lesions usually
manifest as a painful swelling.

Location
The most frequent sites of involvement are the skull, followed by long bones,
flat bones, and vertebrae.

Radiographic Appearance
Three stages have been described in the evolution of LCH, including



incipient, mid, and late phases. During the incipient or early phase, lesions
tend to have an aggressive radiographic appearance that is characterized by a
permeative pattern of growth, indistinct borders, and a lamellated periosteal
reaction. This radiographic picture overlaps with that of aggressive
osteomyelitis and malignancies such as Ewing sarcoma and lymphoma, and
these entities are frequently considered in the radiographic differential
diagnosis. Later in the course of the disease the lesions tend to develop well-
demarcated borders that are often surrounded by a rim of sclerotic bone.

Cytological Features

FNA of LCH yields moderately to highly cellular smears composed of a
polymorphous population of individually dispersed cells that include variable
numbers of Langerhans cell histiocytes, eosinophils, osteoclast-like giant
cells, lymphocytes, neutrophils, and plasma cells (Fig. 5.9) [20]. Langerhans
cell histiocytes are characterized by moderate to abundant cytoplasm and
eccentric, oval to reniform nuclei with pale, evenly dispersed chromatin and
inconspicuous nuclei. Nuclear folds or grooves are characteristic, and help to
distinguish these cells from ordinary macrophages by light microscopy.
Definitive diagnosis of LCH usually requires immunoperoxidase stains to
confirm the identity of the lesional cells. In contrast to ordinary macrophages,
Langerhans cell histiocytes are immunoreactive for S100, CD1a, langerin,
and CD68. The cells are negative for lysozyme and alpha-1 antitrypsin. The
diagnostic ultrastructural feature of Langerhans cell histiocytes is the

presence of Birbeck granules within the cytoplasm, but these structures may
be difficult to find.



Fig. 5.9 Langerhans cell histiocytosis (a, b. Papanicolaou stain, medium and high power). Langerhans
cell histiocytosis is comprised of Langerhans cell histiocytes admixed with variable numbers of
eosinophils, neutrophils, lymphocytes, and plasma cells (a). Multinucleated Langerhans cells, as well as
osteoclast-like giant cells are also present. As seen in this cluster of Langerhans cell histiocytes, the
cells have moderate to abundant cytoplasm and ovoid to reniform, grooved or folded nuclei (b).

Differential Diagnosis

The main differential diagnostic consideration is osteomyelitis. The
distinctive morphologic appearance of Langerhans cell histiocytes provides
an important clue to the correct diagnosis which can be confirmed with
immunoperoxidase stains.

5.3 Soft Tissue Tumors

A wide variety of benign and malignant neoplasms, as well as non-neoplastic
lesions occur in the soft tissues of children and adolescents. Benign
neoplasms and reactive processes are generally small and superficial. In
contrast, most soft tissue sarcomas appear as bulky, deep-seated masses. Soft
tissue tumors are classified based on the presumed mesenchymal cell of
origin, as summarized in Table 5.11. However, a pattern-based approach, as
summarized in Table 5.12, is often more practical for cytological evaluation
of these lesions. Discussion of the myriad soft tissue lesions seen in the
pediatric population, only some of which are included in Tables 5.11 and
5.12, is beyond the scope of this book; therefore, this chapter will focus on
some of the more common soft tissue lesions seen in the children and



adolescents.

Table 5.11 Classification of pediatric soft tissue tumors based on presumed mesenchymal tissue of

origin
Origin Benign Locally aggressive Malignant
Fat cells Lipoma Atypical lipomatous  |Liposarcoma
Lipoblastoma tumor Myxoid
Hibernoma Round cell
Pleomorphic
Fibroblasts/myofibroblasts| Nodular fasciitis Desmoid-type Fibrosarcoma
fibromatosis
Fibrous hamartoma of Dermatofibrosarcoma |Infantile
infancy protuberans (DFSP)
Digital fibroma Adult type
Myofibroma
Gardner fibroma
Hypertrophic scar
So-called fibrohistiocytic |Benign fibrous
tumors histiocytoma
Tenosynovial giant cell
tumor, nodular or diffuse
Peripheral nerve sheath | Neurofibroma Malignant peripheral
elements nerve sheath tumor
Schwannoma
Granular cell tumor
Endothelial cells Hemangioma Epithelioid Angiosarcoma
hemangioendothelioma
Skeletal muscle Rhabdomyoma Rhabdomyosarcoma
Embryonal
Alveolar
Spindle
cell/sclerosing
Smooth muscle Leiomyoma Leiomyosarcoma

Uncertain

Angiomatoid fibrous
histiocytoma

Synovial Sarcoma

Epithelioid Sarcoma

Alveolar soft part
sarcoma

Desmoplastic small
round cell tumor




Extrarenal rhabdoid

tumor
Table 5.12 Classification of pediatric soft tissue tumors based on pattern
Pattern Benign Locally aggressive Malignant
Small round Rhabdomyosarcoma
cell Ewing sarcoma/PNET

Desmoplastic small round cell
tumor

Poorly differentiated (small cell)
synovial sarcoma

Extrarenal rhabdoid tumor

Metastatic neuroblastoma or other
round cell tumor

Spindle cell |Nodular fasciitis Desmoid-type fibromatosis |Fibrosarcoma
Fibrous hamartoma |Dermatofibrosarcoma Infantile
of infancy protuberans (DFSP) Adult type
Digital fibroma Angiomatoid fibrous Synovial sarcoma
Myofibroma histiocytoma Spindle cell/sclerosing
Gardner fibroma rhabdomyosarcoma
Hypertrophic scar Malignant peripheral nerve sheath
Hemangioma tumor
Leiomyoma Low grade fibromyxoid sarcoma
Neurofibroma Angiosarcoma
Schwannoma
Rhabdomyoma
Epithelioid |Granular cell tumor |Epithelioid Epithelioid malignant peripheral
Rhabdomyoma hemangioendothelioma nerve sheath tumor
Angiomatoid fibrous Epithelioid sarcoma
histiocytoma Angiosarcoma

Alveolar soft part sarcoma

Myxoid Myxoma Aggressive myxoma Myxoid liposarcoma
Low grade fibromyxoid sarcoma
Pleomorphic Pleomorphic liposarcoma
Pleomorphic undifferentiated
sarcoma
Clear cell |Lipoblastoma Atypical lipomatous tumor | Clear cell sarcoma of soft tissue
Lipoma
Hibernoma

5.3.1 Small Round Cell Tumors




Small round cell tumors are the most common primary malignant tumors of
soft tissue in children and adolescents. Rhabdomyosarcoma, Ewing
sarcoma/PNET, poorly differentiated (small cell) synovial sarcoma, and
desmoplastic small round cell tumor account for the overwhelming majority
of these neoplasms. Considerable overlap exists in cytomorphologic features
of these tumors and in most cases, ancillary studies are needed to confirm the
diagnosis and exclude other entities. In general, additional material should be
collected for a cell block and air-dried unstained smears prepared and
reserved for FISH.

5.3.1.1 Rhabdomyosarcoma

Clinical Features

Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma in the
pediatric population. The majority of patients (60—70 %) present in the first
decade of life, most before 5 years of age. Embryonal rhabdomyosarcoma
(ERMS) can be congenital, occurs the first year of life in up to 10 % of cases,
and is uncommon in children older than 10 years of age. ERMS most often
arises in the head and neck and genitourinary system, and is rare in the
extremities. Alveolar rhabdomyosarcoma (ARMS) can occur at any age, but
is more common in adolescents than ERMS and is rare in very young
children. ARMS most often arises in the extremities. Other sites include the
paraspinal and perineal regions and paranasal sinuses.

Cytological Features

Aspirates from RMS are usually highly cellular and are composed of
relatively monotonous cells occurring singly and in small, loosely cohesive
clusters. In ARMS the cells are round and have round nuclei with coarse
chromatin and one or more nucleoli (Fig. 5.10). Cells with eccentric
cytoplasm and multinucleated cells are present in variable numbers, and
when present, are an important clue to the diagnosis. However, cells with
cross striations are rare. The cells in ERMS are typically smaller than those in
ARMS and have round to ovoid or irregular nuclei with fine chromatin and
inconspicuous nucleoli (Fig. 5.11). Elongate or strap-like cells with cross-
striations can be present and are occasionally prominent. Anaplastic cells
with enlarged, hyperchromatic nuclei are present in a minority of cases.
Fragments of myxoid stroma are sometimes seen in ERMS.



Fig. 5.10 Alveolar thabdomyosarcoma (Cell block, H&E stain, high power). Alveolar
rhabdomyosarcoma is characterized by a relatively monotonous population of round cells with round
nuclei and one or more conspicuous nucleoli.
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Fig. 5.11 Embryonal rhabdomyosarcoma (Papanicolaou stain, high power). Embryonal
rhabdomyosarcoma is characterized by round cells with scant cytoplasm and round to irregular nuclei
with fine chromatin and inconspicuous nucleoli. The cells occur singly and in small loosely cohesive
clusters.

Differential Diagnosis

Differential diagnostic considerations include Ewing sarcoma/PNET,
desmoplastic small round cell tumor, poorly differentiated (small cell)
synovial sarcoma, lymphoma, neuroblastoma, and other pediatric small round
cell tumors. Although the clinical history and site of involvement can help to
narrow the differential diagnosis, ancillary studies are essential for
confirming the diagnosis of RMS and excluding other entities. RMS shows



nuclear staining for myogenin and MyoD1, which distinguishes it from other
entities in the differential diagnosis, as well as cytoplasmic staining for
desmin and muscle specific actin, and is usually negative for CD99, FLI-1,
synaptophysin, chromogranin, epithelial membrane antigen, cytokeratin,
TLE-1, and CD45. Nuclear staining for myogenin is typically strong and
diffuse in ARMS (Fig. 5.12) and patchy and variable in ERMS, and helps to
distinguish these entities. Gene rearrangements involving FOXO1 and either
PAX3 or PAX7 are present in approximately 80 % of ARMS, but are absent
in ERMS. The morphologic, immunophenotypic, and molecular genetic
features of soft tissue and osseous Ewing sarcoma/PNET are identical and are
discussed in Sect. 5.2.7.1. Synovial sarcoma and desmoplastic small round
cell tumor are discussed below, while other entities in the differential
diagnosis are discussed in detail elsewhere in this book.

Fig. 5.12 Alveolar thabdomyosarcoma (Cell block, myogenin immunoperoxidase stain, medium
power). Alveolar rhabdomyosarcoma (ARMS) shows strong, diffuse nuclear staining for myogenin.
This pattern of staining helps to distinguish alveolar from embryonal rhabdomyosarcoma, which
typically shows patchy, variable staining for myogenin.

Pearl

Although the pattern of myogenin staining helps to support a diagnosis of
either ARMS or ERMS, demonstration of a FOXO1 translocation is required
to reliably distinguish these entities in cytologic specimens.

5.3.1.2 Desmoplastic Small Round Cell Tumor

Clinical Features



Desmoplastic small round cell tumor (DSRCT) is a rare tumor that
predominantly occurs in children and young adults and has a male
predilection. DSRCT usually presents with widespread intra-abdominal
disease, involving the serosa, mesentery, omentum, retroperitoneum, and/or
pelvis. However, tumors occasionally arise in the thoracic cavity and
paratesticular regions, and rarely in other sites. Patients present with
abdominal pain, distention, ascites, a palpable mass, and/or intestinal
obstruction. DSRCT is an aggressive tumor with a poor prognosis.

Cytological Features

Aspirates from DSRCT are variably cellular with small to intermediate-sized
round cells arrayed singly and in loosely cohesive sheets and clusters.
Fragments of hypocellular fibrous stroma are variably present. The tumor
cells are uniform, round to oval, and have scant cytoplasm and
hyperchromatic nuclei with finely granular chromatin and inconspicuous
nucleoli (Fig. 5.13). Occasional tumors are composed of larger, more
pleomorphic cells. Necrosis can also be present.
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Fig. 5.13 Desmoplastic small round cell tumor (Papanicolaou stain, medium power). The tumor is
composed of small round cells lying singly and in loosely cohesive clusters. The cells have scant
cytoplasm with indistinct borders and round nuclei with fine chromatin and inconspicuous nucleoli.
Numerous single necrotic cells are present in the background.

Differential Diagnosis

Differential diagnostic considerations include Ewing sarcoma/PNET,
rhabdomyosarcoma, lymphoma, poorly differentiated (small cell) synovial
sarcoma, and metastasis from other pediatric small round cell tumors. In



contrast to other tumors in the differential diagnosis, DSRCT is a
polyphenotypic tumor and stains positively for low molecular weight
cytokeratins, epithelial membrane antigen, desmin (perinuclear dot-like
pattern), neuroendocrine markers, and WT1 (C-terminus). The tumors are
variably positive for CD99. DSRCT is characterized by a translocation
involving EWS and WT1. Ewing sarcoma/PNET and rhabdomyosarcoma are
discussed in Sects. 5.2.7.1 and 5.3.1.1, respectively, and other tumors in the
differential diagnosis are discussed in greater detail elsewhere in this book.

Pearls

Because EWSRI1 gene rearrangements are present in both DSRCT and Ewing
sarcoma/PNET and DSRCT can be positive for CD99, it is essential to
perform a panel of immunoperoxidase stains to confirm the polyphenotypic
nature of DSRCT and avoid misdiagnosis. Confirmation of the translocation
partner is also helpful but in the context of the appropriate immunophenotype
is not critical.

5.3.2 Spindle Cell Pattern

Spindle cell morphology is characteristic of a wide variety of benign and
malignant neoplasms and non-neoplastic proliferations involving soft tissues.
Some of the more common spindle cell lesions seen in the pediatric
population are listed in Table 5.12. Overall, non-neoplastic reactive processes
and benign neoplasms account for the majority of spindle cell lesions in
children and adolescents. These lesions are usually small, superficial, and
well circumscribed and treatment, if any, consists of simple excision.
Because FNA is rarely used for the evaluation of these benign lesions, this
discussion will focus on selected pediatric spindle cell malignancies.

5.3.2.1 Synovial Sarcoma

Clinical Features

Synovial sarcoma can occur at any age but is most frequently seen in
adolescents and young adults, with the peak incidence in the second and third
decades of life. Tumors commonly involve the extremities, most often in a
juxta-articular location, but can arise in virtually any anatomic site. Pain,
either spontaneous or on palpation, is a frequent symptom. These tumors are
typically indolent, and years may elapse between the first symptom and



diagnosis. Irregular calcifications are detected in up to one-third of tumors on
imaging studies.

Cytological Features

FNA yields moderately to highly cellular smears in which cells occur singly,
and in irregular sheets and clusters (Fig. 5.14). The cytologic appearance
varies with the subtype of the tumor, and may be biphasic or monophasic [21,
22]. Aspirates from biphasic lesions contain variable numbers spindle and
epithelial cells, although the former usually predominate. The spindle cells
are relatively uniform cells with scant, tapering cytoplasm and solitary,
hyperchromatic, oval or elongate nuclei with inconspicuous nucleoli.
Epithelial elements have scant to abundant cytoplasm and uniform, often
eccentric, round to oval nuclei with pale, evenly distributed chromatin.
Mitotic figures may be few to abundant. Monophasic tumors are comprised
of either spindle or epithelial elements. Rarely, calcifications may be
identified in the aspirates. When both spindle and epithelial elements are
present, the cytologic diagnosis is usually straightforward. In contract,
monophasic lesions may be difficult to distinguish from fibrosarcoma or
adenocarcinoma. Rarely tumors are composed of poorly differentiated small
round cells reminiscent of those in other small round cell tumors. These cells
have scant cytoplasm and uniform, round to ovoid, hyperchromatic nuclei
with coarse chromatin.
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Fig. 5.14 Synovial sarcoma (a. Diff-Quik stain, medium power; b. Cell block, H&E stain, high
power). The smear is highly cellular and shows tumor cells arranged in clusters and singly. The tumor
cells are uniform with spindled nuclei and evenly dispersed chromatin Cytoplasm is scant and many
stripped nuclei are present (a). This fragment of tissue in the cell block is composed of short, bland



spindle cells arrayed in fascicles. The cells have uniform nuclei with evenly dispersed chromatin and
inconspicuous nucleoli. Mitoses are not apparent (b).

Differential Diagnosis

Differential diagnostic considerations include malignant peripheral nerve
sheath tumor, fibrosarcoma, solitary fibrous tumor, and leiomyosarcoma.
With the exception of malignant peripheral nerve sheath tumor, these
neoplasms are rare in the pediatric age group. Immunoperoxidase stains can
help to resolve the differential diagnosis. Synovial sarcoma is usually positive
for epithelial membrane antigen, CD99 and TLE-1 (nuclear), variably
positive for keratins and S100, and negative for CD34. Poorly differentiated
(small cell) synovial sarcoma, for which the differential diagnosis is other
pediatric small round cell tumors, shows a similar pattern of staining.
Rearrangements involving the SS18 (SYT) gene are seen in over 95 % of
synovial sarcomas.

Pearls

Because both spindle cell and poorly differentiated (small cell) synovial
sarcoma can mimic other malignancies morphologically and, in some cases,
immunophenotypically, demonstration of an SS18 rearrangement is important
for confirming the diagnosis.

5.3.2.2 Malignant Peripheral Nerve Sheath Tumor

Clinical Features

Malignant peripheral nerve sheath tumor (MPNST) is a rare tumor that is
most often seen in adults but can be seen in children and adolescents,
particularly those with neurofibromatosis type 1 (NF-1). MPNST usually
arises in a preexisting neurofibroma, with the extremities and trunk being
common sites of involvement. Rapid growth of an existing lesion and pain
are the typical presenting symptoms.

Cytological Features

Aspirates from MPNST are usually highly cellular with cells arranged singly
and in irregular fragments [23]. Depending on the grade of the tumor, the
individual cells vary from bland and virtually indistinguishable from those of
benign spindle cell lesions to highly pleomorphic with obviously malignant
features. Cells have scant cytoplasm and enlarged hyperchromatic nuclei with



variably prominent nucleoli. Nuclei are often wavy or comma shaped. Bizarre
tumor giant cells can also be present. Mitotic figures, including abnormal
forms, are usually apparent. Necrosis can also be present.

Differential Diagnosis

Differential diagnostic considerations vary depending on the degree of
differentiation of the tumor. Low grade MPNST should be distinguished from
schwannoma, atypical neurofibroma, and other bland spindle lesions. In
contrast the differential diagnosis of intermediate or high grade lesions
includes synovial sarcoma, malignant solitary fibrous tumor,
leiomyosarcoma, spindle cell melanoma, and other malignant spindle cell
sarcomas. MPNST shows staining for S100 in less than 50 % of cases and for
GFAP in 20-30 %; however, nuclear positivity for SOX10 can be a helpful
finding in some cases. Staining is usually focal, in contrast to the diffuse
staining seen in the majority of benign peripheral nerve sheath tumors.
Because MPNST can mimic a variety of spindle cell neoplasms at both ends
of the spectrum of differentiation, a panel of immunoperoxidase stains is
needed to exclude other entities.

Pearl

Immunoperoxidase stains are helpful for excluding other tumors but, in the
absence of S100 staining, do not confirm the diagnosis of MPNST. In such
cases, the presence a preexisting lesion and a history of NF-1 are highly
suggestive of MPNST.

5.4 Conclusion

FNA is a valuable tool for the primary diagnosis of pediatric bone and soft
tissue lesions. When correlated with the clinical presentation and findings on
imaging studies, FNA combined with the judicious use of ancillary studies
can often provide information on which to base further diagnostic or
therapeutic decisions. In many cases, FNA allows accurate and specific
diagnosis of primary or metastatic lesions of bone and soft tissue, thereby
obviating the need for a more invasive and significantly more expensive
diagnostic biopsy. In other cases, although a definite diagnosis is not
possible, FNA is useful for ruling out specific processes or for narrowing the
diagnostic considerations, and in the appropriate clinical setting, this



information may be sufficient for initiation of therapy. Although limitations
and pitfalls exist, FNA represents a highly accurate and cost-effective
technique for the diagnosis of pediatric bone and soft tissue tumors.
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6.1 Introduction

Exfoliative cytology and fine needle aspiration (FNA) are valuable tools for
the evaluation of pulmonary lesions. In the pediatric population, the most
common cytologic specimens from the respiratory tract are bronchoscopy-
acquired specimens, including bronchoalveolar lavages (BALs ) and
bronchial brushings/washings . Sputum specimens are infrequently seen as it
is difficult or impossible to obtain an adequate sample representative of a
deep cough from children. Bronchial brushings are usually performed if there
is a visible, discrete lesion on bronchoscopy, whereas a washing is typically
done if there is no discrete endobronchial lesion. BAL specimens are
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obtained by infusion and re-aspiration of sterile saline into distal areas of the
lung. These specimens are typically utilized in the evaluation of suspected
infection in both immunocompetent and immunocompromised patients , and
for routine follow-up of lung transplant recipients to exclude unsuspected
infection. Of note, up to 25 % of stem cell transplant recipients have
pulmonary complications and will require evaluation to exclude a pulmonary
infection [1]. In addition, BALs can be therapeutic in the setting of
pulmonary alveolar proteinosis, cystic fibrosis, and asthma, to provide
symptomatic relief to patients. In the setting of infection, BALs have a
sensitivity of approximately 82 % and a specificity of 53 %. Although
malignancy is rare in children, a variety of different conditions can lead to
atypia that mimics malignancy , including reactive bronchial cells and
pneumocytes in the setting of inflammation, infection, diffuse alveolar
damage, bone marrow transplantation, and chemotherapy. When there is a
neoplasm, a metastatic neoplasm should be considered before diagnosing a
primary lung neoplasm. One study revealed that 81 % of lung neoplasms in
the pediatric population are due to metastatic lesions with nephroblastoma
(Wilms tumor ) being the most common, followed by osteosarcoma [2].
Overall, benign and reactive changes, in addition to metastatic tumors, should
strongly be considered before making a diagnosis of a primary lung
malignancy in a child or adolescent. Whereas CT-guided FNA or
endobronchial ultrasound (EBUS) guided transbronchial needle aspiration
(TBNA) is routinely used to evaluate pulmonary and mediastinal masses in
adults, aspirates from these sites are infrequently encountered in the pediatric
population, in part due to the low incidence of lung cancer in children and
adolescents. However, fine needle aspiration biopsy and/or core needle
biopsy may be of use in cases where the clinical and radiologic picture cannot
differentiate between neoplastic and infectious lesions. Some of the common,
as well as uncommon, lesions encountered in cytologic specimens from the
lung and mediastinum in the pediatric population are summarized in Tables
6.1 and 6.2, respectively.

Table 6.1 Pediatric pulmonary lesions encountered in exfoliative cytology and/or FNAs

Non-neoplastic pediatric lung lesions Neoplastic pediatric lung lesions
Reactive or prior treatment-related changes |Clear cell (sugar) tumor

Infection Epithelioid hemangioendothelioma
Aspiration or Trauma/Fat emboli (with Inflammatory myofibroblastic tumor

positive Oil Red O staining)



Pulmonary alveolar proteinosis Juvenile squamous papilloma

Bronchogenic cysts Metastatic tumors

Hamartomas Pleuropulmonary blastoma

Salivary gland-type tumors (Mucoepidermoid
carcinoma, adenoid cystic carcinoma)

Carcinoid

Primary adenocarcinoma

Table 6.2 Summary of pediatric mediastinal lesions by compartment

Anterior/superior mediastinum (5 Ts)

* Thymic lesions

» Thyroid lesions

» Teratoma or germ cell tumors

» Terrible lymphoma

* Terribly common metastatic neoplasms
* Vascular tumors

* Hernia

Posterior mediastinum

* Neurogenic and neuroblastic tumors
* Bronchogenic and congenital cysts
* Hernia

+ Paraspinal abscess

* Vertebral lesions

Middle mediastinum

* Lymphoma
* Bronchogenic cysts

6.2 Cytology of Normal and Benign Elements in the
Lung

e Benign respiratory epithelial cells are columnar with basally oriented
nuclei, terminal bars, and cilia.

e Creola bodies are hyperplastic or papillary clusters of bronchial cells
with occasional vacuolization and small nucleoli that can be seen with
asthma or bronchiectasis.

e Reactive atypia (mild nuclear enlargement and prominent nucleoli) can
be seen with radiation, chemotherapy, or severe inflammation (Fig. 6.1).
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Fig. 6.1 Reactive epithelial atypia in BAL (a. Papanicolaou stain, high power; b. Diff-Quik
stain, high power; ¢. H&E stain, high power). Lung specimens from patients status post
chemotherapy showing reactive pneumocytes and reactive bronchial epithelial cells. These cells
have mild nuclear enlargement without irregularities, and are seen in association with benign
cells, including ciliated bronchial cells on the cell block (¢).

e Reserve cell hyperplasia or proliferation is more common when there is
lung injury and shedding of the normal respiratory tract epithelium.
These cells appear in tightly packed clusters with small nuclei and scant
cytoplasm.

e Macrophages have abundant foamy to vacuolated cytoplasm, oval to



round nuclei, and occasional prominent nucleoli. The vacuolated
cytoplasm may have debris or other ingested material, such as
hemosiderin or anthracotic pigment. The presence of macrophages is
used to confirm the adequacy of sputum samples and BALs (Fig. 6.2).

Fig. 6.2 Non-diagnostic lung FNA in a pediatric patient showing benign macrophages (Diftf-
Quik stain, medium power). The aspirates show benign macrophages in a bloody background
and do not characterize a mass lesion in the lung. Thus, these findings are non-diagnostic.

Lipid-laden macrophages can be highlighted with an Oil Red O stain,
and these cells can be elevated in patients with lipoid pneumonia, fat

embolism syndrome, pulmonary aspiration, or amiodarone toxicity (Fig.
6.3).
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Fig. 6.3 Lipid laden macrophages (a. Diff-Quik stain, high power, b. Oil red O stain, high
power). Lipid laden macrophages are frequently a sign of aspiration, along with other etiologies,
in children. Thus, identification of them is important and an Oil Red O stain can help prove their
presence (b).

e Curschmann spirals are coiled strands or helical casts of inspissated
mucus that appears darkly stained. These are a non-specific finding,
seen with excess mucus production (e.g., asthma) (Fig. 6.4).

Fig. 6.4 Curschmann spirals in a bronchial specimen (Papanicolaou stain, medium power).
These darkly stained spiral shaped structures represent thick, inspissated mucus.

e Charcot-Leyden crystals are small, eosinophilic to orangeophilic,



rhomboid-shaped crystals that are derived from the granules of
degranulated/degenerating eosinophils, usually in the setting of asthma
and other causes of eosinophilia. These can be seen in allergic
bronchopulmonary aspergillosis with numerous eosinophils and fungal
hyphae (Fig. 6.5).

? : L,
. % ! l*
3-. o e -‘%‘J_"“#
?/f e e
f g T db o
- o= 7 - L]
- L B E . 2 r 5:'
i '-__..1' 'L‘ é" i_". -
" .;._, f 1‘_;}! a =
- ‘A -
- ) - H* -
F @
— - '.‘
Y 5 L >
- L
- - M-"
- . e y
4 e
ral W -
-
5 : r
Y oy \

Fig. 6.5 Charcot-Leyden crystals (Papanicolaou stain, high power). Eosinophilic rhomboidal
crystals (arrow) are frequently seen with eosinophilic-rich infiltrates. They can be an important
clue that the inflammatory cells are predominantly eosinophils given that the eosinophilic
granules are hard to identify on a Papanicolaou stain.

Ciliocytophthoria appears as detached ciliary tufts, and is associated
with viral infection (e.g., adenovirus) but can also be a non-specific
finding (Fig. 6.6).



Fig. 6.6 Ciliocytophthoria (Papanicolaou stain, medium power). Detached ciliary tufts
(ciliocytophthoria) can be seen in BALs of patients with adenovirus infection and should not be
confused with organisms or contaminants (arrow).

In systemic disease (autoimmune, cystic fibrosis, asthma), the lung can
show a variety of reactive changes. In asthma, increased eosinophils are
often present within mucus. Cystic fibrosis is characterized by thick
mucus plugs, often with abundant mixed inflammation. Most pulmonary
specimens from these patients are obtained to evaluate for infection.
Two particular infections, Burkholderia cepacia and Pseudomonas
aeruginosa, are relatively common in cystic fibrosis patients and can
have implications for disease progression.

Pollen or starch granules: Starch granules appear as clear and refractile
cubes with a Maltese cross appearance under polarized light. Pollen
appears as spherical structures that are colorful, have a thickened wall,
and may have small internal bodies or a spiked border, and can mimic
large yeast forms or other infectious organisms , in addition to other
contaminants.

Drug particles: Dark black carbonaceous material can appear within
histiocytes in drug users, particularly crack/cocaine smokers. Rhomboid
crystals can appear with aspiration of barium sulfate.




6.3 Bronchogenic Cysts

Clinical Features

These developmental cysts arising from the foregut appear most frequently as
a posterior mediastinal cyst, but can also be intrapulmonary. These are rare
lesions, but can compress the airway if large.

Cytological Features

Aspirates yield thick proteinaceous to mucoid fluid with variable types of
lining cells, including ciliated, squamous, or simple columnar epithelium
(Fig. 6.7). Liquid-based cytology can be helpful for demonstrating the cyst
lining cells and excluding thymic or neoplastic cysts (e.g., germ cell tumors
with cystic change).

Fig. 6.7 Bronchogenic cyst (Diff-Quik stain, low power). This bronchogenic cyst shows thickened
proteinaceous fluid with a few ciliated cells.

Differential Diagnosis

A cystic lesion in the mediastinum or lung of a child raises the differential
diagnosis of thymic cyst, mediastinal goiter, lymphangioma, cystic
pulmonary airway malformation (CPAM ; formerly congenital cystic
adenomatoid malformation ), mesenchymal cystic hamartoma, and neoplastic
cysts (e.g., cystic teratoma or other germ cell tumor with cystic change). In



contrast to bronchogenic cysts, most of the congenital malformations and
hamartomas in this age group are within the lung and are multicystic lesions
with small cysts.

Pearls

If small lymphocytes are identified from a cystic lesion in the mediastinum in
the pediatric population, the possibility of a thymic cyst should be
considered. Flow cytometry and/or immunoperoxidase stains can be used to
support thymic origin by identifying immature and maturing T-cells that are
positive for TdT, CD1a, and CD3.

6.4 Infectious Disease

Clinical Features

Fine needle aspiration biopsy has not been routinely used for the diagnosis of
infectious disease in the lung. Thus, there are few studies evaluating its
effectiveness. One paper in the adult literature reported a range of sensitivity
of 21-47 % for FNA and 52-94 % for core needle biopsy [3]. One study in
the pediatric population reported a sensitivity of 88 %, but did not separate
FNA from core needle biopsy [4]. Another noted that CT-guided biopsy had
a high diagnostic yield of 60 %, but only yielded organisms already isolated
from peripheral blood [1]. Occasionally, FNA performed for infectious
disease of the lung may reveal an undiagnosed tumor of the chest wall or
mediastinum.

Cytological Features

Infections that present as discrete masses in the lung frequently show either
abscess formation, granulomatous inflammation , or a cystic fungal ball.
Aspirates show abundant histiocytes with a variable numbers of small
lymphocytes and neutrophils in the background (Figs. 6.8 and 6.9). Stains for
fungal elements and/or acid fast bacteria can be performed on aspirate smears
and may be useful; however, if there are only rare yeast or fungal elements,
the possibility of specimen contamination with Alternaria or other fungi or
oropharyngeal contamination from Candida should be considered [5] (Fig.
6.10). Well-formed granulomas with clusters of epithelioid histiocytes are
suggestive of fungal or mycobacterial infection (Fig. 6.11). Fungal balls
typically show abundant granular debris with fungal hyphae present. BAL is



commonly used for the cytologic evaluation of suspected infection but, in the
setting of a mass lesion, may not yield representative material. Depending on
the etiologic agent, BALs can show neutrophils, lymphocytes, and/or
histiocytes, necroinflammatory debris and reactive epithelial cells. Gram,
methenamine silver, AFB and Fite stains can be helpful for identifying
microorganisms on cytospins, liquid-based preparations or cell blocks from
BALs. Viral infections, such as cytomegalovirus and herpes virus, can also
be seen in BAL specimens (Fig. 6.12).




Fig. 6.8 Lung abscess (a. Diff-Quik stain, medium power; b. Papanicolaou stain, medium power; c.
H&E stain, high power). The aspirates show abundant neutrophils and granular debris in this FNA from
a lung mass.

Fig. 6.9 Fungal infection creating mass lung lesion in a young patient (a. Papanicolaou stain, high
power; b. H&E stain, high power; c. Grocott stain, high power). The aspirates show branching fungal
hyphae within a background of acute inflammation, debris, and reactive changes. The Grocott stain
shows branching fungal hyphae, compatible with Aspergillus (c).



Fig. 6.10 Other fungal organisms in children (a, b. Grocott stain , high power). Fusarium identified in

this pediatric lung specimen was morphologically similar to Aspergillus (a). Candida can also be

identified in BAL specimens in children and may represent contamination from the oropharynx (b).
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Fig. 6.11 Granulomatous inflammation in the lung (Diff-Quik stain, high power). There are clusters
of epithelioid histiocytes and scattered small lymphocytes, compatible with epithelioid granulomas.



Fig. 6.12 BAL specimen showing HSV infection in an immunocompromised child (a, b. Thin Prep,
Papanicolaou stain, high power). The squamous cells in this specimen show prominent nuclear
enlargement, margination of the chromatin, and multinucleation, which are clues of an HSV infection.

Triage

Material should be submitted from the FNA or BAL for microbial cultures
and special stains. When handling the specimen, care should be taken to
avoid contamination. Since complications such as pneumothorax are common
in lung FNA, few passes may be performed, and each pass should be triaged
carefully. If the needle tip is not touched to the slide when the first drop(s) are
taken for smears, the remaining specimen may be rinsed into sterile saline for
microbiologic studies. If the smears show anything other than an infectious
process, this rinse can be used for other ancillary studies (flow cytometry,

cell block, etc.). In addition, if there is abundant hemodilution on subsequent
passes, unstained smears could be prepared from the best pass and sent for
special stains [5].

Differential Diagnosis

Neoplastic disease, metastatic or primary, may mimic an infectious lung mass
radiologically. Although atypical bronchial cells and/or pneumocytes can be
present in the setting of infection, cytologic features of malignancy, such as
increased nuclear to cytoplasmic ratios, nuclear pleomorphism, nuclear
membrane irregularity, and hyperchromasia are absent. Lymphocytic
infiltrates associated with infectious processes are polyclonal, in contrast to



the monoclonal proliferations associated with non-Hodgkin lymphomas.

Pearls

Primary lung carcinomas are exceedingly rare in the pediatric population.
When atypical squamous or glandular cells are identified in an FNA or
exfoliative specimen from the lung of a child or adolescent with a mass
lesion, reactive atypia in metaplastic squamous cells, bronchial cells or
pneumocytes secondary to infection should be excluded before considering
malignancy.

6.5 Alveolar Proteinosis

Clinical Features

Pulmonary alveolar proteinosis (PAP) is a rare disorder associated with
impaired or dysfunctional surfactant clearance. Some cases are congenital,
due to mutations in surfactant protein-B, ABCA3 or GM-CSF receptor genes.
This is in contrast to adults, in which most cases are acquired and due to
autoantibodies to GM-CSF. Most other pediatric cases are secondary to
infection, drugs, foreign material, treatment for malignancy, or idiopathic
causes. PAP is characterized by accumulation of lipid-rich proteinaceous
material in alveolar spaces leading to respiratory distress or failure. On
imaging, patients have diffuse, bilateral, pulmonary infiltrates or opacities,
without features of fibrosis or chronic lung disease. BALs can be performed
in these patients for diagnosis and therapeutic purposes.

Cytological Features

The BALSs from patients with PAP have abundant, acellular, PAS-positive
diastase-resistant, lipid-rich proteinaceous material, often in large globules,
and pulmonary macrophages containing similar material. Degenerating
macrophages, lamellar bodies, cholesterol crystals, and reactive pneumocytes
can also be present, but inflammation is usually absent (Fig. 6.13). PAS and
PAS-D stains can be performed on additional cytospins, liquid-based
preparations or sections from a cell block to support the diagnosis.



Fig. 6.13 Pulmonary alveolar proteinosis (a. Papanicolaou stain, high power; b. H&E stain, high
power). This BAL from a patient with longstanding pulmonary alveolar proteinosis shows
proteinaceous acellular material forming large globules and prominent background debris.

Differential Diagnosis

The other possibilities to consider are mucus plugs or alveolar casts from
Pneumocystis jirovecii infection. Mucus plugs lack the intense PAS-positivity
seen in PAP but stain with mucicarmine or Alcian blue , while methenamine
silver stains can help to exclude Pneumocystis jirovecii infection.

Pearls
Electron microscopy shows that the lamellar bodies are proteinaceous
surfactant material.

6.6 Primary Lung Neoplasms

Primary lung neoplasms are so rare in the pediatric population that they are
frequently not included in the differential diagnosis of mass lesions. Over
two-thirds of cases are malignant, the majority of which are bronchogenic in
origin. Carcinoid tumor is the most common pediatric lung malignancy
accounting for 33 % of malignant cases, followed by bronchogenic
carcinoma (28 %), mucoepidermoid carcinoma (9 %), and pleuropulmonary
blastoma (8 %). Benign tumors are more frequently located in the



parenchyma with inflammatory myofibroblastic tumor accounting for 70 %
of benign cases, followed by hamartoma (12 %) [6, 7]. Bronchial tumors may
be amenable to transbronchial biopsy ; however, this technique is rarely used
in the pediatric population. Although FNA can be used in children and
adolescents, the tumors seen in these patients are often difficult or impossible
to diagnose with confidence given the limited cells aspirated in these cases
and the need for architectural evaluation (e.g., hamartoma or inflammatory
myofibroblastic tumor).

6.6.1 Inflammatory Myofibroblastic Tumor

Clinical Features

Inflammatory myofibroblastic tumors (IMTs) are the most common lung
tumors in patients under 15 years of age, and are usually found incidentally
on imaging. These tumors typically present as a solitary, peripheral mass
lesion and behave in a benign fashion in the majority of cases.

Cytological Features

The aspirates yield relatively bland, plump spindle cells arranged in sheets,
clusters and singly with a background of lymphocytes, plasma cells, and
myxoid matrix. Scattered lesional cells with a ganglion-like appearance and
foamy xanthomatous cells can also be seen. A collagenous or hyalinized
stroma can be seen on cell block or core biopsy as well. Preparation of a cell
block for immunoperoxidase stains is important to confirm the
myofibroblastic nature of the tumor cells (positive for smooth muscle actin,
negative for S100, cytokeratin, and desmin), and to assess for the presence of
ALK-1 or ROS positivity. Rearrangement of ALK, ROS1, and genes of other
actionable kinases is present in approximately 90 % of IMTs in the pediatric
population and can be assessed by FISH or other molecular techniques [8].

Differential Diagnosis
The differential diagnosis includes organizing pneumonia and other spindle
cell neoplasms, such as solitary fibrous tumor.

Pearls

Immunoperoxidase staining for ALK-1 and ROS, and FISH or other
molecular studies to demonstrate ALK or more recently described ROS1
rearrangements in these tumors can be of therapeutic importance. Although



IMT is currently classified as a tumor of intermediate malignant potential
unlikely to metastasize, it can be locally aggressive and encroach on vital
structures. Some of these tumors have been shown to be responsive to
crizotinib.

6.6.2 Clear Cell (Sugar) Tumor of the Lung

Clinical Features

These tumors are part of the PEComa family of neoplasms, and although they
are more likely to occur in adults, they are important to recognize in pediatric
patients. These typically present as a solitary, well-circumscribed lesion in
the periphery of the lung.

Cytological Features

These tumors yield cellular aspirates composed of large epithelioid and
spindle cells with clear to eosinophilic or granular cytoplasm. The cytoplasm
typically contains PAS-positive diastase-digestible glycogen granules. A cell
block is necessary to confirm that the clear cells are positive for HMB45 and
MelanA, and negative for cytokeratins and CD1a. Focal staining with S100
can be seen, but staining with macrophage markers (CD68) should be
negative. A PAS stain should highlight the cytoplasmic granules. TFE3
immunostaining has been described in some PEComas [9].

Differential Diagnosis

The main diagnoses to consider are Langerhans cell histiocytosis (LCH) ,
non-Langerhans histiocytosis , and vacuolated histiocytes from a reactive
process (e.g., lipoid pneumonia or drug treatment). Unlike LCH, clear cell
tumors are CD1a negative and do not stain with macrophage markers. Also,
L.CH involving the lungs is more likely to occur in adult smokers than in
children. In adults, the differential diagnosis includes metastatic renal cell
carcinoma (RCC). However, unless there is a history of clear cell or
translocation RCC, this is not typically a consideration in the pediatric
population.

Pearls

TFE3 immunoreactivity and gene fusions have been reported in a subset of
PEComas, outside of the lung, in a small series of cases [9]. This is important
to recognize given that clear cell tumors of the lung can mimic a metastatic



translocation-associated renal cell carcinoma, which is also positive for
TFE3.

6.6.3 Mucoepidermoid Carcinoma

Clinical Features

Mucoepidermoid carcinoma is a salivary gland-type malignancy that can
arise from submucosal glands of the bronchus and is usually centrally
located. Tumors are typically considered low-grade with good prognosis if
excised, and although they can recur, rarely manifest in a high-grade,
aggressive form.

Cytological Features

Aspirates from these tumors can yield a variety of cell types, including
squamous cells, intermediate cells, and mucus-secreting cells. The malignant
cells can be deceptively bland and the proportion of each cell type varies
considerably with the degree of differentiation of the tumor. A mucin stain
performed on a cell block or smear can be used to demonstrate the presence
of cytoplasmic mucin. In addition, FISH studies are increasingly important as
the majority of these tumors show a MAML?2 gene rearrangement due to
t(11;19), and can help distinguish mucoepidermoid carcinoma from other
neoplasms in the differential diagnosis [10].

Differential Diagnosis
The main entities to consider are adenosquamous carcinoma,
adenocarcinoma, pleomorphic adenoma, and benign goblet cell metaplasia.

Pearls

Although uncommon, salivary gland-type tumors can occur in the lung in the
pediatric population. Morphologic distinction between primary pulmonary
and metastatic salivary gland-type carcinomas is not possible, and therefore
clinical correlation is essential.

6.6.4 Juvenile Squamous Papillomas

Squamous papillomas of the lower bronchial tree are rare but can occur in
children and adolescents and are HPV-positive. They appear as pedunculated
lesions on bronchoscopy and consist of fibrovascular stalks covered by



squamous epithelium. In some cases, atypical squamous cells with nuclear
enlargement, nuclear irregularities, and features suggestive of HPV infection
can also be seen in cytologic specimens (Fig. 6.14). Given the rarity of
squamous cell carcinoma in pediatric patients, a papilloma should be
considered before making a diagnosis of squamous cell carcinoma in this age
group. Squamous papillomas can also break off and seed the lower airway or
lung parenchyma, where they can attach and grow independently, resulting in
more numerous lesions.

Pl _:{1

Fig. 6.14 Juvenile papilloma of the bronchus (a, b. Diff-Quik stain, high power). Juvenile papillomas
of the respiratory tract can show papillary fragments and scattered atypical squamous cells with
features of HPV infection.

6.6.5 Epithelioid Hemangioendothelioma (EHE)

These are rare tumors that can occur in other locations outside of the lung,
including liver, head and neck, and soft tissue/bone. EHEs typically have an
indolent course. On cytology, the key feature is the presence of bland,
vacuolated, epithelioid endothelial cells with intracytoplasmic lumina
containing red blood cells. Immunohistochemical stains performed on a cell
block demonstrate that the cells are positive for ERG, FLI-1, CD31, and
CD34. TFE3 is also frequently positive. FISH studies in these tumors have
shown a t(1;3) translocation of WWTRI1-CAMTAI.



6.7 Metastatic Neoplasms to the Lung

Clinical Features

Many metastatic lesions can be confidently diagnosed based on the clinical
history and radiographic features. For certain primary malignancies,
including osteosarcoma, adrenal cortical carcinoma and hepatoblastoma,
resection of the lesions remaining after chemotherapy confers a definitive
survival benefit and is becoming standard of care [11]. Aspiration biopsy is
only occasionally performed to confirm metastasis or resolve a question of
infection vs. metastasis. Patients present with nodules detected on imaging
workup. One study showed that the most significant predictors of malignancy
were: (1) peripheral location, (2) lesions measuring between 5 and 10 mm,
(3) lesions in the right lower lobe, and (4) a primary diagnosis of
osteosarcoma, Ewing sarcoma or hepatocellular carcinoma [12].

Cytological Features

With the exception of osteosarcoma, most lesions that metastasize to the lung
release cells easily and are amenable to FNA biopsy. However, cellular yield
will depend on the technique of the practitioner. The larger gauge needles
needed to reach the nodules also tend to give more bloody specimens.
Cellular smears show cytologic features similar to those seen in the primary
neoplasms, which are addressed in more detail in other chapters. Given that
many of the pediatric malignancies are small round blue cell tumors, many of
these neoplasms have similar morphology and need to be distinguished from
lymphoid cells as well as each other (Figs. 6.15, 6.16, and 6.17). A cell block
is essential to confirm that the tumor cells are morphologically and
immunophenotypically similar to the patient’s previously diagnosed tumor.
On-site evaluation is also critical given that the differential diagnosis often
includes infection; thus, immediate evaluation can exclude infection and
maximize cell block material.
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Fig. 6.15 Wilms tumor metastatic to lung (a. Diff-Quik stain, high power; b. Papanicolaou stain, high
power). This is a metastasis in a patient with a known history of Wilms tumor showing pseudorosettes
of cells with large pleomorphic nuclei and prominent molding. The Papanicolaou stain highlights the
irregular chromatin and small nucleoli.

Fig. 6.16 Osteosarcoma metastatic to lung (a. Diff-Quik stain, medium power; b. Papanicolaou stain,
high power). Large pleomorphic cells with irregular nuclear membranes and moderate amounts of
cytoplasm are seen. Occasional multinucleated cells may be present.



Fig. 6.17 Ewing Sarcoma metastatic to lung (a. Diff-Quik stain, high power; b. Papanicolaou stain,
high power). Dyscohesive small round blue cells with round nuclei and granular chromatin are present.
The background material has a somewhat reticulated or tigroid-like appearance due to the glycogen
within the tumor cells (a).
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Fig. 6.18 Metastatic yolk sac tumor to the lung (a, b. Diff-Quik stain, high power; ¢. SALL4
immunostain). This is a metastasis in a young patient with a known yolk sac tumor that metastasized to
the lung, which shows loosely cohesive pleomorphic tumor cells, which are positive for SALL4
immunostaining.

Differential Diagnosis

Differential diagnostic considerations depend on the type of tumor and are
included in discussions of the primary tumors in other chapters. Histiocytes
can appear as large cells with folded nuclei that may be concerning for



malignancy. However, regularity of the nuclear membranes, even chromatin,
and a uniform spectrum of cells without pleomorphism are clues to the
correct identity of these cells.

Pearls

Correlation of the cytologic features of a presumed metastatic lesion with the
histologic appearance of the patient’s known primary tumor is often helpful
and may obviate the need for ancillary studies.

6.8 Mediastinum

The mediastinum consists of the tissues in the central thorax. Its boundaries
are defined by the thoracic inlet superiorly, the parietal pleura bilaterally, the
sternum anteriorly, the spine and ribs posteriorly, and the diaphragm
inferiorly. The mediastinum is usually divided into three main compartments:
anterior/superior, middle and posterior. There is a high prevalence of
malignancy in pediatric mediastinal masses (37—61 %) and a large number of
tumors are hematolymphoid in origin [13, 14]. Given the need for ancillary
studies such as cytogenetics and flow cytometry, tissue biopsy is often
necessary to obtain enough tissue for diagnosis. However, fine needle
aspiration biopsy can be a useful tool at the time of surgery to localize viable
lesional tissue prior to core needle biopsy and direct the distribution of
material for ancillary studies. Aspirates rinsed in saline or RPMI can be sent
for cytogenetics and flow cytometry and air dried smears can provide cellular
monolayers for FISH studies, reducing the amount of tissue cores that need to
be diverted from histology. The majority of masses that present in the
anterior mediastinum are lymphomas (2/3 non-Hodgkin lymphoma, 1/3
Hodgkin lymphoma), followed by germ cell tumors. Approximately three
quarters of germ cell tumors in the mediastinum are benign teratomas
followed by yolk sac tumors. In the posterior mediastinum, the most common
lesions are neurogenic including neuroblastoma, ganglioneuroblastoma , and
ganglioneuroma [23]. A summary of pediatric mediastinal lesions is seen in
Table 6.2.

6.8.1 Anterior/Superior Compartment

The anterior compartment of the mediastinum encompasses the area from the
sternum to the anterior pericardial sac. The superior portion of the



mediastinum, including tissues above the great vessels of the heart, is usually
considered part of the anterior mediastinum. Tissues in the anterior
compartment include the thymus, scattered lymph nodes, and loose
connective tissue. Tumors of the anterior mediastinum include lymphoma,
thymoma, germ cell tumors, thyroid lesions, metastases, and vascular lesions.
One way to summarize the lesions of the anterior mediastinum is to use the 5
T’s, which represent: thymic lesions, thyroid lesions, teratoma and other
germ cells tumors, terrible lymphoma, and terribly common metastatic
tumors (Table 6.2).

6.8.1.1 Lymphoma

Clinical Features

Lymphoma is the most common malignancy in the mediastinum accounting
for about half of all mediastinal malignancies. Two-thirds of lymphomas are
non-Hodgkin lymphomas (e.g., lymphoblastic and large cell) and one third
are Hodgkin lymphomas [13]. Most lymphomas present in multiple sites,
many of which are more amenable to biopsy than the mediastinum (e.g.,
cervical lymph nodes, bone marrow). Also, due to the need for multiple
ancillary studies, open biopsy is often a preferred method of obtaining tissue.
However, FNA and small core biopsies are increasingly being used for
primary diagnosis or in the setting of recurrence, given that, for many
lymphomas, diagnosis is based on cytogenetic and immunophenotypic
findings, rather than architecture. Patients present with symptoms of airway
compression, including cough, stridor, and respiratory distress. Occasionally
there are symptoms of superior vena cava obstruction and markedly elevated
lactate dehydrogenase (LDH) levels. Patients with Hodgkin lymphoma also
may present with B-symptoms of weight loss, night sweats and malaise.

Cytological Features
The cytomorphology will depend on the type of lymphoma, as discussed
below and in greater detail in Chap. 3.

e Lymphoblastic Lymphoma : Smears show a dyscohesive population of
monotonous small lymphocytes. The lymphocytes have a high nuclear
to cytoplasmic ratio and may show atypical nuclear features such as
nuclear folds or membrane irregularities. The nuclear chromatin is
usually fine and powdery without a conspicuous nucleolus (Fig. 6.19).



The key to diagnosis is lack of variation in size and cell type. A lesser
population of tingible body macrophages may be present.
Subclassification of lymphoma requires flow cytometry and/or
immunohistochemistry.

Fig. 6.19 Lymphoblastic lymphoma (Diff-Quik stain, high power). Small to intermediate sized
lymphoid cells with immature chromatin are seen in this patient with a T-lymphoblastic
lymphoma/leukemia of the anterior mediastinum