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Preface

Similar to other areas of oncology, the diagnosis and treatment of sarcomas are
increasingly accomplished as a collaboration of a diverse team of subspecialists. This
allows modern medicine to maintain a holistic and pragmatic approach when caring
for cancer patients. However, the ability of physicians to effectively administer care in
this manner largely depends on clear communication across specialty boundaries.

Soft tissue pathology encompasses a vast amount of neoplasms that are typically
not unique to a particular anatomic location, and pathologists are increasingly
incorporating an expanding catalogue of immunohistochemical and genetic tests
when making a diagnosis. With this in mind, this book was written to give perspec-
tive in the diagnosis of soft tissue tumors to those practicing outside of pathology. In
particular, this book will focus on the key characteristics of common soft tissue neo-
plasms and the approach taken to render a diagnosis. It will also cover critical aspects
of soft tissue pathology that are encountered by a treating physician, such as tumor
staging, intraoperative consultation, and considerations in processing soft tissue sur-
gical specimens.

Many excellent reference books have been written to discuss soft tissue pathol-
ogy in a comprehensive manner. By focusing on the interdisciplinary interactions
involving soft tissue pathology, it is hoped that this concise booklet will be of value
to oncologists, surgeons, medical oncology trainees, and mid-level providers by
further facilitating meaningful communication in a team practice environment.

Winnipeg, Manitoba, Canada Kyle Perry
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Critical Concepts in Soft Tissue
Pathology

1.1 General Principles of Classification

Soft tissue pathology is a subspecialty that involves the diagnosis of lesions that are
neither epithelial nor skeletal and do not originate from the central nervous system.
This includes neoplasms of muscle, connective fascia, vasculature, and the periph-
eral nervous system [1]. With such an ambitious definition, the scope of this subspe-
cialty is broad and encompasses a formidable number of entities with specific
histologic, genetic, and clinical features.

When encountering such an abundance of terms and neoplasms, one can be
tempted to view soft tissue tumors simply by histologic grade. Although this
approach simplifies several hundred neoplasms into low-, intermediate-, or high-
grade sarcoma, it overgeneralizes and is incompatible with increasingly individual-
ized treatment regimens. By classifying soft tissue neoplasms to a particular
histologic entity, pathologists have been able to attribute unique clinical behaviors
to specific tumors and establish a conceptual framework for future advances in soft
tissue oncology [2]. Consequently, clinicians who frequently treat sarcoma patients
can benefit from understanding the diagnostic terms and approach of soft tissue
pathologists.

In order to maintain consistency, the diagnostic nomenclature of soft tissue
pathology is determined by a consensus of international experts. Every few years,
this terminology is edited to reflect the addition of newly discovered neoplasms or
reassignment of entities to different categories. These efforts are published as a
volume in the World Health Organization Classification of Tumours book series,
titled Pathology and Genetics of Tumours of Soft Tissue and Bone [3].

Unlike carcinomas that are often classified by site of occurrence (e.g. colorectal
adenocarcinoma, gastric adenocarcinoma), a soft tissue tumor can arise in multiple
areas and is not amenable to description by anatomic location. Instead, these neo-
plasms are described according to the connective tissue that they most closely

© Springer International Publishing AG 2017 1
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Fig. 1.1 Pleomorphic liposarcoma with lipoblasts
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Fig. 1.2 Normal adipose tissue

resemble. Such entities include pleomorphic liposarcoma (Fig. 1.1) that resembles
fat (Fig. 1.2) or leiomyosarcoma (Fig. 1.3) that resembles smooth muscle (Fig. 1.4).
Many soft tissue tumors do not resemble any specific mesenchymal tissue and are
simply designated as “tumors of uncertain differentiation” [3].

Following primary histologic classification, soft tissue tumors are further subdi-
vided into clinical categories of benign, intermediate (locally aggressive), interme-
diate (rarely metastasizing), and malignant. Most benign lesions do not recur, and
rare instances of recurrence are easily cured by complete local excision. Intermediate
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Fig. 1.4 Normal smooth muscle

(locally aggressive) tumors will not metastasize but are prone to recurrence and
require wide excision given their infiltrative growth pattern. Intermediate (rarely
metastasizing) soft tissue tumors are typically locally aggressive, but demonstrate
the capability to occasionally metastasize (less than 2% risk). Malignant tumors are
locally destructive and often metastasize. Generally, high-grade tumors tend to
metastasize more frequently than low-grade tumors [3].
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1.2  Acquisition, Handling, and Processing of Soft Tissue
Specimens

Ultrasound or computed tomography (CT)-guided needle core biopsies have
become the preferred procedure for diagnosing soft tissue neoplasms, as they are
minimally invasive and less prone to surgical complications. Histologic interpreta-
tion of these biopsies is both sensitive (99.4%) and specific (98.7%) when distin-
guishing benign from malignant tumors [5]. The accuracy of needle core biopsies
for a specific histologic diagnosis is also impressive (approximately 95% correct)
[6]. Assessment of tumor grade in biopsies (low vs. intermediate vs. high) is helpful
but slightly less accurate (approximately 85% correct) [7]. The interpretation of a
needle core biopsy often represents a critical juncture in the care of a patient with a
soft tissue neoplasm. A benign lesion might be monitored or undergo simple exci-
sion. A low-grade sarcoma is resected without neoadjuvant therapy, and an interme-
diate- or high-grade sarcoma often receives presurgical adjuvant treatment.

Following a biopsy or resection, the tissue is submitted to the pathology labora-
tory for evaluation. In order to prevent tissue degradation, many hospitals or clinics
will place the biopsies directly into formalin in the operating suite. However, if a
clinician or pathologist has an interest in culturing or freezing a representative part
of the biopsy for possible cytogenetic or molecular studies, then at least some of
the tissue must be maintained in a fresh, viable state and transported in cell culture
media. Close communication with the pathologist is helpful in assuring the tissue
is appropriately handled.

Upon arrival to the laboratory, the specimen must pass through a standardized
process prior to visualization as a glass slide under the microscope. The tissue ini-
tially arrives in a labeled container with an accompanying requisition form that is
reviewed by lab personnel (Fig. 1.5a). Including critical information on this form
about the history of the patient or nature of the lesion facilitates a timely and accu-
rate diagnosis. Awareness of the site and size of the mass helps the pathologist for-
mulate a differential diagnosis based on anatomic location. Knowledge of previous
malignancies (including prior diagnosis of carcinoma, melanoma, or hematolym-
phoid neoplasm) alerts the pathologist to recurrent or metastatic tumors that might
mimic a sarcoma. Communication of familial syndromes, such as neurofibromato-
sis, helps raise a suspicion of certain malignant neoplasms like malignant peripheral
nerve sheath tumor [4].

After reviewing the requisition and confirming the specimen is appropriately
labeled, the pathologist or pathology assistant will typically describe the appearance
of the tissue received (i.e. gross examination). For needle core biopsies, the number
and size of the biopsies are documented. With resection specimens, the pathologist
describes the location and size of the mass, as well as the distance from the surgical
resection margin. The surgeon will often designate multiple anatomically specific
margins by orienting the specimen with sutures (e.g., long suture, superior margin;
short suture, medial margin). To preserve this orientation, the pathologist will typi-
cally paint the corresponding margins with an ink that can be seen under the micro-
scope after processing. If there is a particular area of concern for margin involvement,
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Fig. 1.5 (a) Specimen container with a needle core biopsy, (b) needle core biopsy wrapped in
tissue paper for processing, (¢) needle core biopsy embedded in paraffin wax after tissue process-
ing, (d) needle core biopsy after being processed, cut and stained with hematoxylin and eosin

specific designation by the surgeon can assure this focus is appropriately examined
and referenced in the report. Moreover, if the margin has become artificially rup-
tured, proactively notifying the pathologist can help avoid an erroneous report.

Once gross examination is complete, the tissue is submitted for processing. For
needle core biopsies, the objective is to have sufficient tissue for diagnosis and grad-
ing. Consequently, many pathology laboratories will submit all of the received biop-
sies in a formalin fixative solution that suspends enzymatic processes and halts
tissue degradation (Fig. 1.5b). Following formalin fixation, the biopsy is processed
and ultimately immersed in paraffin wax, termed a “paraffin block” (Fig. 1.5¢).
A thin slice of this biopsy is then cut, placed on a glass slide and stained for micro-
scopic examination (Fig. 1.5d).

For resection specimens, the pathologist must select which tissue fragments to
submit for microscopic examination. Generally, multiple sections of tumor (often
one per centimeter) are submitted to confirm the diagnosis or assess for treatment
effect. Other sections are typically submitted to evaluate the relation of the tumor
with various surgical margins. Following submission, the tissue is processed for
microscopic examination similar to a needle core biopsy.
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Facts to Remember

1. Soft tissue tumors are described according to the connective tissue they most
resemble and are further categorized as benign, malignant, or intermediate
in clinical behavior.

2. The needle core biopsy has become the primary specimen for diagnosis of soft
tissue neoplasms. Appropriate and timely handling of the tissue is critical for
successful classification.

3. Documentation of key clinical features on the requisition form, such as the ana-
tomic site and size of the mass, previous malignancies, familial syndromes, and
previous therapy can be immensely helpful for accurate and efficient diagnosis.

4. Communication of specimen orientation or areas that are suspicious for tumor
involvement can facilitate clear pathologic reporting.
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Histologic Examination and Ancillary
Studies in Soft Tissue Pathology

2.1 Pathologist Approach to Diagnosis

Soft tissue biopsies are often challenging specimens to diagnose. There is an almost
overwhelming amount of entities to consider, many of which are very rare. Moreover,
numerous ancillary studies, such as immunohistochemical or molecular tests, are
often necessary for appropriate investigation [1].

Visualization of a tumor on an hematoxylin and eosin (H&E) slide remains cen-
tral to the diagnosis of soft tissue neoplasms. This H&E staining technique, which
is over 100 years old, allows the pathologist to examine tumor cells by highlighting
nuclei in blue (by hematoxylin) and cytoplasm in red (by eosin).

When viewing an H&E slide, a pathologist assesses the overall architecture at a
low power magnification and then analyzes the cytological features of the tumor
cells at higher power. Groups of soft tissue tumors manifest characteristic patterns
that can be utilized by pathologists in considering diagnostic possibilities. Familiarity
with these patterns and associated terminology can lend insight into the diagnostic
process [2]. Frequent histologic patterns include spindle cell, epithelioid, round cell,
pleomorphic, myxoid, cartilaginous, osseous, and vascular.

Spindle Cell Tumors

One of the most frequent morphologies encountered in soft tissue tumors is a spin-
dled cell pattern, in which the tumor cells exhibit slender and elongated nuclei and
cytoplasmic borders. These spindle cells can be arranged in haphazard manner
(Figs. 2.1 and 2.2) as seen in nodular fasciitis or placed in organized bundles (often
termed a “fascicular” or “herringbone pattern”) as seen in malignant peripheral
nerve sheath tumor (Fig. 2.3). Finally, the spindle cells can be arranged in a whirling
or storiform architecture, as seen in dermatofibrosarcoma protuberans (Fig. 2.4).

Epithelioid Tumors
Although mesenchymal in nature, soft tissue tumor cells can have an epithelioid
appearance. Morphologically, these cells have cytoplasmic and nuclear borders that

© Springer International Publishing AG 2017 7
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Figs. 2.1 and 2.2 Nodular fasciitis with haphazard arrangement of spindle cells

are round or oval (Fig. 2.5). Examples of epithelioid type soft tissue neoplasms
include epithelioid sarcoma, epithelioid hemangioendothelioma, and epithelioid
gastrointestinal stromal tumor. Epithelioid-type sarcomas can be mistaken for
poorly differentiated carcinomas, particularly if the pathologist is unaware of the
anatomic location or clinical history of the lesion.

Round Cell Tumors

Round cell tumors encompass a broad range of soft tissue neoplasms that are made
up of cells that have a high nuclear to cytoplasmic ratio, similar to the appearance
of alymphocyte. As hematoxylin will stain the nucleus of a cell violet or blue, round
cell neoplasms generally appear blue at low magnification. Examples of round cell
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Fig.2.3 Malignant peripheral nerve sheath tumor with spindle cells that are organized in bundles,
often called a fascicular pattern

Fig. 2.4 Dermatofibrosarcoma protuberans with spindle cells arranged in a vague whirling or
storiform pattern

soft tissue neoplasms include embryonal rhabdomyosarcoma or Ewing sarcoma
(Fig. 2.6). Although these neoplasms have substantially overlapping morphologic
appearances, many exhibit unique genetic features that facilitate diagnosis. Round
cell tumors can also be confused for neuroendocrine carcinomas or lymphomas.
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e =i
Fig. 2.5 This epithelioid sarcoma contains epithelioid-appearing tumor cells with round to ovoid
nuclei

Fig.2.6 Ewing sarcoma containing round tumor cells with a high nuclear to cytoplasmic ratio

Pleomorphic Tumors

Many high-grade sarcomas can exhibit pleomorphic or bizarre-appearing cells. The
tumor cells of this pattern demonstrate substantial variation in the size and shape of the
nuclei (Fig. 2.7). Highly atypical mitoses can often be identified. One of the most fre-
quently occurring pleomorphic soft tissue neoplasms is an undifferentiated high-grade
pleomorphic sarcoma, previously designated as “high-grade malignant fibrous histiocy-
toma (MFH).” Pleomorphic sarcomas must be distinguished from pleomorphic carci-
noma, hematolymphoid neoplasms, or melanomas that can have a similar appearance.
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Fig. 2.7 Undifferentiated pleomorphic sarcoma with tumor cells that contain large and irregular
nuclei with increased mitoses

Fig. 2.8 Myxoid liposarcoma with substantial amount of background myxoid material and deli-
cate capillaries

Myxoid Tumors

Myxoid soft tissue tumors exhibit varying amounts of a background bluish mucoid-
like substance (Fig. 2.8). The neoplasms in this pattern can be difficult to differenti-
ate based on architecture, as the tumor cells often freely float in this myxoid material.
Examples of these tumors include myxoid liposarcoma, myxofibrosarcoma, and
aggressive angiomyxoma.
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Cartilaginous, Osseous, Adipocytic, and Vascular Tumors

The endothelial nature of vascular tumors is frequently apparent by the formation of
infiltrative vascular channels (Fig. 2.9). Adipocytic tumors can often be identified
by obvious fat cells or lipoblasts that contain large clear vacuoles in the cytoplasm
(Fig. 2.10). Cartilaginous tumors will exhibit deposition of a blue or pink back-
ground chondroid-like matrix (Fig. 2.11). Osseous tumors show at least focal dense
and eosinophilic extracellular osteoid material (Fig. 2.12).

Fig. 2.10 Lipoblasts seen in a pleomorphic liposarcoma
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e

Fig. 2.12 Extraskeletal osteosarcoma with deposition of pink osteoid material (arrows)

It is important to understand that these patterns serve as a starting point in inves-
tigating the ultimate differentiation and diagnosis of a particular soft tissue tumor.
At the microscope, an individual tumor may manifest multiple patterns, such as a
synovial sarcoma, which can contain spindle cells, epithelioid cells, and round cells
in the same tumor (Fig. 2.13a—c.) After assessing for these patterns and features, the
pathologist can then progress to a more detailed examination and incorporate vari-
ous ancillary tests to evaluate specific diagnostic considerations.



Fig.2.13 (a) Synovial sarcoma showing a spindle cell pattern, (b) Epithelioid-like cells in a syno-
vial sarcoma forming glandular appearing spaces (arrow), (¢) round cells in a poorly differentiated
synovial sarcoma
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2.2 Diagnostic Ancillary Studies

While many tumors can be diagnosed from their appearance on an H&E slide,
numerous soft tissue neoplasms have overlapping microscopic features that can
complicate interpretation. Fortunately, there is now a large arsenal of ancillary stud-
ies available to facilitate classification. Familiarity with these different techniques
can be helpful in understanding the particular approach to a diagnosis or potential
issues when submitting a specimen to the pathology lab. Frequently used ancillary
studies include immunohistochemistry, chromosomal karyotyping, fluorescence in
situ hybridization (FISH), and reverse transcription PCR.

2.2.1 Immunohistochemistry

Immunohistochemical staining and interpretation have profoundly impacted the
diagnosis of soft tissue neoplasms. The core concept of immunohistochemistry is to
take an antibody that is specific for a particular cell protein and attach a chromo-
genic enzyme such as peroxidase [3]. If the enzyme-attached antibody binds to a
cell of interest, a coloring reaction allows direct visualization under the microscope
(Fig. 2.14a, b).

Immunohistochemical staining has its pitfalls. Insufficient or delayed fixation
can result in a false positive or negative staining pattern. Failure to interpret the
appropriate cells or misinterpret a nonspecific staining pattern can result in an erro-
neous diagnosis. Most immunohistochemical stains will highlight multiple types of
tumor cells. For example, an S100 immunohistochemical stain will highlight neo-
plastic cells from both a benign nerve sheath tumor or a malignant melanoma.
Consequently, appropriate use and interpretation of this test in the context of the
morphologic findings is critical.

2.2.2 Karyotyping

Numerous soft tissue tumors have been found to manifest recurring chromosomal
and genetic aberrations (Table 2.1).

Over the past few decades, pathologists have been able to identify genetic muta-
tions by submitting fresh tumor tissue for cell culture and subsequent chromosomal
analysis. With this technique, a representative fragment (about a cubic centimeter)
of viable tumor is submitted to a cytogenetic laboratory in the appropriate culture
medium as soon as possible. Genetic mutations can be deduced from the chromo-
somal aberrations identified [4].

Unlike many genetic tests, chromosomal karyotyping allows for a broad analysis
of suspected or unsuspected cytogenetic abnormalities. This can be helpful when
the histologic impression offers no clues to tumor differentiation or numerous diag-
nostic possibilities are being simultaneously considered. However, as this process
requires culturing tissue, a fresh, representative, and viable specimen is required.
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— Antibody

&— Antigen

Fig. 2.14 (a) Illustration of the underlying principle of immunohistochemistry. An enzyme
attached to an antibody signals the presence of a specific nuclear, cytoplasmic, or membranous
antigen associated with a cell, (b) Positive immunohistochemical staining of tumor cells
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Table 2.1 Common diagnostic genetic translocations in soft tissue tumors
Tumor type Chromosomal Genetic aberration
abnormality
Well-differentiated liposarcoma 12q14-15 amplification | MDM2, CDK4
amplification
Dedifferentiated liposarcoma 12q14-15 amplification | MDM2, CDK4
amplification
Myxoid liposarcoma t(12;16) or t(12;22) FUS-DDIT3 or
EWSRI-DDIT3
Fibroblastic/myofibroblastic tumors
Nodular fasciitis t(17;22) USP6-MYH9
Solitary fibrous tumor 12q13 NAB2-STAT6
Inflammatory myofibroblastic tumor Alterations of Multiple translocations
chromosome 2 involving ALK
Dermatofibrosarcoma protuberans t(17;22) COLIAI-PDGFB
Infantile fibrosarcoma t(12;15) ETV6-NTRK3
Low-grade fibromyxoid sarcoma t(7;16), t(11;16) FUS-CREB3L2 or
FUS-CREB3LI
Myxoinflammatory fibroblastic t(1;10) TGFBR3-MGEAS5
sarcoma
Skeletal muscle tumors
Alveolar rhabdomyosarcoma t(X;17) ASPSCRI-TFE3
Spindle cell rhabdomyosarcoma t(6;8) SRF-NCOA2
Vascular tumors
Epithelioid hemangioendothelioma t(1;3) or t(X;11) WWTRI1-CAMTAI or
YAPTI-TFE3
Chondroid and osseous tumors
Extraskeletal mesenchymal t(8;8) HEYI-NCOA2
chondrosarcoma
Soft tissue tumors of uncertain differentiation
Myoepithelioma of soft tissue Chromosome 22 Multiple translocations
translocations involving EWSRI
Ossifying fibromyxoid tumor t(6;12) EP400-PHF1
Alveolar soft part sarcoma t(X;17) ASPSCRI-TFE3
Clear cell sarcoma t(12;22) EWSRI-ATF1
Ewing sarcoma t(11;22), t(21;22) EWSRI-FLII,
EWSRI-ERG
Desmoplastic round cell tumor t(11;22) EWSRI-WT1
Epithelioid sarcoma Del 22q Inactivation of SMARCBI1
Extrarenal rhabdoid tumor Del 22q Mutation of SMARCB1
Synovial sarcoma t(X;18) SS18-SSX1, SS18-SSX2
Extraskeletal myxoid chondrosarcoma | Chromosome 9 Multiple translocations
translocations involving NR4A3
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In hospitals or clinics where a biopsy or resection specimen is usually placed in
formalin prior to transit, this requires planning prior to the procedure. Critical con-
siderations include timely delivery and use of appropriate transport media.
Additionally, the pathologist needs to ensure procurement of sufficient material for
routine processing and morphologic assessment.

2.2.3 Molecular Fluorescence In Situ Hybridization

In a method known as fluorescence in situ hybridization (FISH), instead of review-
ing an entire set of chromosomes, pathologists can assess for specific genes by
using complementary DNA probes. These probe sequences are tagged with dye and
bind to genes of interest.

Fluorescence in situ hybridization has many advantages. It can be performed on
tumors that have been previously fixed in formalin. Also, the morphology of the
tumor cells is retained, allowing the pathologist to be confident that a positive or
negative genomic finding is occurring in the actual cells of interest.

This technique also has limitations as it assesses for a single genetic aberration,
as opposed to chromosomal karyotyping which assesses for all cytogenetic abnor-
malities. Therefore, successful use is predicated on appropriate suspicion for a par-
ticular diagnosis.

2.2.4 Reverse transcription PCR

Reverse transcription polymerase chain reaction (RT-PCR) is another way a pathol-
ogist can confirm or exclude the presence of a genetic aberration in a soft tissue
tumor.

Reverse transription PCR has its advantages and disadvantages. It can be per-
formed on paraffin-embedded blocks and is highly sensitive. However, with this
sensitivity comes an increased risk for contamination and false positive results.
Moreover, unlike FISH and immunohistochemical stains, the underlying cellular
morphology is lost during analysis. Consequently, a pathologist has to be careful to
submit tissue that is representative of viable tumor, as there is potential for a false
negative result from sampling error [1].

2.3 Intraoperative Consultation

Long ago, physicians recognized the value of immediate feedback from a patholo-
gist during a surgical operation. Long ago, pathologists developed a method that
would allow for intraoperative microscopic assessment, often referred to as a frozen
section procedure [6].

After a surgeon submits tissue with a specific question, the pathologist or pathol-
ogy assistant will embed the specimen in a gel-like medium that solidifies in
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freezing temperatures. This frozen block is then mounted in a cryostat that cuts a
thin slice of tissue (approximately 5 pm) that can be placed on a glass slide
(Figs. 2.15 and 2.16). The slide is subsequently stained with hematoxylin and eosin
and interpreted by a pathologist (Fig. 2.17).

The real-time feedback offered by a frozen section interpretation can greatly
assist the surgeon in the key decision points of a procedure, but the method has

Fig. 2.15 Tissue fragment submitted in gel media that is frozen and being cut by the pathologist
assistant

Fig. 2.16 Thin section of frozen tissue is placed on a glass slide
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Fig. 2.17 Frozen section slide is being stained with hematoxylin and eosin

limitations. Some tissue, such as adipose tissue, does not freeze well enough for
effective cutting in the cryostat, resulting in limited examination on a slide.
Moreover, immunohistochemical stains are generally not available during frozen
section diagnosis. The ideal turnaround time from receipt to diagnosis for a routine
frozen section case with one piece of tissue is approximately 20 min. However, this
time can be substantially prolonged if the procedure involves multiple pieces of tis-
sue or the case is especially complex.

In addition to technical issues, there are also interpretive limitations. The nuclei
in a frozen section slide are not well preserved and sometimes manifest artifactual
atypia. Therefore, it can sometimes be difficult to distinguish involvement by a low-
grade tumor such as deep fibromatosis from previous surgical site changes. Similarly,
specimens previously subjected to neoadjuvant radiation can exhibit a reactive
atypia in the mesenchymal tissue that can complicate an intraoperative diagnosis.
Finally, tumor cells which are not present on the frozen section slide will some-
times become apparent when cutting deeper into the tissue after routine processing.
Thus, although intraoperative consultations are typically accurate, discrepancies do
occur [7].

In light of these considerations, intraoperative consultations have value, but it is
prudent to utilize them when the result will impact the course of the procedure.
When performing a needle core biopsy of a soft tissue mass, a frozen section will
likely not result in a definitive histologic diagnosis. Frozen section interpretation
can detect margin involvement by a high-grade sarcoma; however, determining
involvement by some soft tissue neoplasms, such as angiosarcoma, is virtually
impossible. A presurgical discussion with the pathologist can be helpful in clarify-
ing expectations of a frozen section diagnosis for specific types of tumors.
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Facts to Remember

(O8]

. When diagnosing a tumor, pathologists will examine a slide to assess for mor-

phologic patterns.

Available ancillary tests for diagnosis include karyotyping, immunohistochemis-
try, FISH, and RT-PCR.

These tests are utilized based on the clinical and histologic features of the tumor.
A frozen section diagnosis can be of value in soft tissue pathology. However,
these preliminary diagnoses have limitations, and consultations should be
requested with prudence.

References

. Goldblum J, Weiss S, Folpe AL, editors. Enzinger and Weiss’s soft tissue tumors. 6th ed.

Philadelphia: Elsevier; 2013.

. Hornick JL, editor. Practical soft tissue pathology: a diagnostic approach. 1st ed. Philadelphia:

Saunders; 2013.

. Dabbs D, editor. Diagnostic immunohistochemistry: theranostic and genomic applications. 4th

ed. Philadelphia: Elsevier Saunders; 2014.

. Hornick JL, editor. Practical soft tissue pathology: a diagnostic approach. Philadelphia:

Saunders; 2013.

. Chmielecki J, Crago AM, Rosenberg M, O’Connor R, Walker SR, Ambrogio L, et al. Whole-

exome sequencing identifies a recurrent NAB2-STAT6 fusion in solitary fibrous tumors. Nat
Genet. 2013;45(2):131-2.

. Gal AA, Cagle PT. The 100-year anniversary of the description of the frozen section procedure.

JAMA. 2005;294(24):3135-7.

. Ferreiro JA, Myers JL, Bostwick DG. Accuracy of frozen section diagnosis in surgical pathol-

ogy: review of a l-year experience with 24,880 cases at Mayo Clinic Rochester. Mayo Clin
Proc. 1995;70(12):1137-41.



Grading, Staging, and Reporting
of Soft Tissue Tumors

3.1 Assigning a Pathologic Grade to Soft Tissue Tumors

As with most other malignancies, soft tissue sarcomas are assigned a histological
grade. The French Federation of Cancer Centers Sarcoma Group (FNCLCC) is the
most commonly used methodology and is preferred by the American Joint
Committee on Cancer (AJCC) [1]. This system assesses tumor differentiation, mito-
sis, and necrosis and assigns a score for each characteristic (Table 3.1) [2, 3].

The differentiation score generally reflects how closely the tumor resembles
benign mesenchymal tissue. For example, a well-differentiated liposarcoma (which
closely mimics adipose tissue) would receive a low score (of 1), and a dedifferenti-
ated liposarcoma (which has lost its lipogenic differentiation) would receive a high
score (of 3).

A mitotic score is assigned according to the number of mitosis identified after
viewing ten standard high-power fields through the microscope. One point is
assigned for 0-9 mitosis, two points are assigned for 10—19 mitosis, and three points
are assigned for 20 or more mitosis over ten high-power fields.

A necrosis score is rendered according to the amount of tumor necrosis present.
Two points are assigned for more than 50% necrosis. One point is assigned for less
than 50% necrosis, and no points are assigned if there is no necrosis.

These scores are then summated, and a numeric grade (1-3) is assigned accord-
ingly (Table 3.2). This approach successfully categorizes a diverse group of malig-
nant soft tissue sarcomas in a manner that independently predicts metastasis, but it
is not used for all sarcomas. Some tumors that are classified as “malignant,” such as
epithelioid sarcoma, clear cell sarcoma, and alveolar soft part sarcoma, carry less
risk for early (less than 5 years) metastasis and greater risk for late metastasis
(greater than 5 years). Consequently, these tumors are not given an FNCLCC grade.
Other tumors, like alveolar or embryonal rhabdomyosarcoma, have their own risk
stratification system (such as the Intergroup Rhabdomyosarcoma Study Postsurgical
Clinical Grouping System) and are not assigned a FNCLCC grade [4].

© Springer International Publishing AG 2017 23
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Table 3.1 Scoring parameters for the FNCLCC grading system [5, 6]

Histologic type

Score

Well-differentiated liposarcoma

Myxoid liposarcoma

Round cell liposarcoma

Pleomorphic liposarcoma

Dedifferentiated liposarcoma

Fibrosarcoma

Myxofibrosarcoma MFH

Pleomorphic sarcoma NOS, with giant cell or inflammatory cells

Well-differentiated leiomyosarcoma

Conventional leiomyosarcoma

Poorly differentiated, pleomorphic or epithelioid leiomyosarcoma

Biphasic or monophasic synovial sarcoma

Poorly differentiated synovial sarcoma

Pleomorphic rhabdomyosarcoma

Mesenchymal chondrosarcoma

Extraskeletal osteosarcoma

Ewing sarcoma

Malignant rhabdoid tumor

Undifferentiated (spindle cell and pleomorphic) sarcoma

W W W W W W W W — WD W W W N —

Tumor mitosis

0-9 mitoses per 10 high-power fields

10-19 mitoses per 10 high-power fields

Greater than 19 mitoses per 10 high-power fields

Tumor necrosis

No tumor necrosis

Less than 50% tumor necrosis

50% or more tumor necrosis

Points are assigned for tumor differentiation, mitosis, and necrosis

Table 3.2 Grade assignment

FNCLCC grading of soft tissue tumors

for the FNCLCC grading

tem. Aft int Grade 1 2-3 points
sys'em. ATter points are Grade 2 4-5 points
assigned for tumor -
differentiation, mitosis, and Grade 3 6-8 points

necrosis, a grade (1-3) is
assigned according to the
total score calculated

Grading can be challenging on needle core biopsies, primarily due to issues with
sampling. Biopsies that fail to capture increased mitosis or tumor necrosis can result

in assignment of an inaccurate

lower grade [2]. Thus, it is important to consider a

reported grade in light of the radiologic findings when determining whether or not

the biopsy is representative.
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Often, intermediate or high-grade soft tissue tumors receive neoadjuvant radia-
tion or chemotherapy. Following presurgical therapy, it is impossible to distinguish
between original tumor necrosis and treatment-related necrosis on the resection
specimen. Also, this neoadjuvant therapy will artificially lower the mitotic rate, and
resected soft tissue neoplasms treated with neoadjuvant therapy are not eligible for
grading. The grade listed for a previously treated resected tumor is assigned based
on the original biopsy.

3.2  Assigning a Pathologic Stage to Soft Tissue Tumors

Similar to carcinomas, resected sarcomas are assigned a pathologic stage according
to the American Joint Committee on Cancer (AJCC) staging system (Table 3.3).
This follows a TNM format that reports a value for the primary tumor (T stage),
involvement of lymph nodes (N stage), and presence of metastasis (M stage). In soft
tissue pathology, size has been the primary determinant for calculating the T stage.
Recently, the eighth edition of the AJCC Cancer Staging Manual has been published
and will be clinically implemented on January 1, 2018. To better account for loca-
tion in predicting local recurrence or metastatic disease, there are now particular
staging definitions for sarcomas in specific anatomic sites. Categories include the
head and neck, trunk/extremities, abdominal/thoracic viscera and retroperitoneum.
In the abdominal/thoracic viscera, T stage of a tumor is primarily defined by the
amount of extension from the primary organ. In the other sites, size remains the
principle determinant of T categorization [1, 5].

In the 8th edition of the AJCC Cancer Staging Manual, the N stage is categorized
as “NO” when the regional lymph nodes are negative for tumor or if the lymph node
status is unknown. Tumors that have an involved lymph node are classified as “N1.”
If distant metastasis is pathologically documented, a designation of “M1” is given.
If not, the tumor is designated as “MO0”".

When the pathology stage is listed on the report, it frequently begins with the
prefix of “p” and continues with a value for the T, N, and M components.

In tumors that have received neoadjuvant therapy, the pathologic stage is first
preceded by a “y” prefix.[1].

3.3 Interpreting a Soft Tissue Pathology Report

Pathology diagnoses include an increasing amount of data elements from the gross
examination, microscopic interpretation, and supporting immunohistochemical and
molecular studies of a case. Developing an understanding of these elements and the
general structure of a pathology report can help facilitate communication within
the treatment group. While the exact format and approach to reporting varies
between institutions, there are common principles that can be discussed.
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Table 3.3a AJCC categorization (8th edition) for T staging of soft tissue tumors

Primary tumor (T) for soft tissue sarcomas of the head and neck

X Primary tumor cannot be assessed

T1 Tumor <2 cm

T2 Tumor >2 to <4 cm

T3 Tumor >4 cm

T4 Tumor with invasion of adjoining structures

T4a Tumor with orbital invasion, skull base/dural invasion, invasion of central
compartment viscera, involvement of facial skeleton, or invasion of pterygoid muscles

T4b Tumor with brain parenchymal invasion, carotid artery encasement, prevertebral
muscle invasion, or central nervous system via perineural spread

Primary tumor (T) for soft tissue sarcomas of the trunk and extremities

X Primary tumor cannot be assessed

TO No evidence of primary tumor

Tl Tumor 5 cm or less in greatest dimension

T2 Tumor more than 5 cm and less than or equal to 10 cm in greatest dimension

T3 Tumor more than 10 cm and less than or equal to 15 cm in greatest dimension

T4 Tumor more than 15 cm in greatest dimension

Primary tumor (T) for soft tissue sarcomas of the abdomen and thoracic visceral organs

X Primary tumor cannot be assessed

Tl Organ confined

T2 Tumor extension into tissue beyond organ

T2a Invades serosa or visceral peritoneum

T2b Extension beyond serosa (mesentery)

T3 Invades another organ

T4 Multifocal involvement

T4a Multifocal (2 sites)

T4b Multifocal (3-5 sites)

T4c Multifocal (>5 sites)

Primary tumor (T) for soft tissue sarcomas of the retroperitoneum

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tl Tumor 5 cm or less in greatest dimension

T2 Tumor more than 5 cm and less than or equal to 10 cm in greatest dimension

T3 Tumor more than 10 cm and less than or equal to 15 cm in greatest dimension

T4 Tumor more than 15 cm in greatest dimension

The criterion for assignment depends on the anatomic location in which the tumor arises

Table 3.3b AJCC categorization (8th edition) for N and M staging of soft tissue tumors

Regional lymph nodes (N)

NO

No regional lymph node metastasis or unknown lymph node status

NI

Regional lymph node metastasis

Distant metastasis (M)

MO

No distant metastasis

Ml

Distant metastasis
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Patient and Specimen Identifiers

Pathology reports will generally contain at least two patient identifiers at the head-
ing of each page of a report. These can include the patient’s name, medical record
number, and date of birth. Given the substantial impact a pathology report will have
on patient care, laboratory personnel vigilantly confirm and reconfirm that these
identifiers match those on the received requisition form and containers. Nevertheless,
developing a habit of checking these patient identifiers when reviewing a report can
help the clinician prevent a rare but potentially egregious patient identification error.

Gross Examination

The gross examination includes the findings seen by a pathologist or pathology
assistant when receiving a surgical specimen in the lab. For simplification, each
container received is generally labeled as a specific part (e.g., part A, part B, part C,
etc.). When reviewing the gross examination for a needle core biopsy, a clinician
can confirm that the amount and length of the biopsies received correspond to what
was submitted. However, it should be understood that needle core biopsies shrink
from formalin fixation and occasionally fragment in transport. For resection speci-
mens, a physician can confirm that directions regarding the orientation of the speci-
men were correctly interpreted. Additionally, the size of the tumor can be compared
to the radiologic examination, and the reported gross distance of the tumor from the
surgical margins can be correlated with the intraoperative impression.

Microscopic Examination
The microscopic examination includes a description of histologic features, immu-
nohistochemical stains, or molecular tests ordered to arrive at the diagnosis.

Final Diagnosis
The final diagnosis includes the most critical elements of the report such as the his-
tologic classification and margin status.

Diagnostic Comment

The diagnostic comment expresses important information that does not conform to
other listed categories. This can include opinions from outside experts who were
consulted on the case. Insights into anticipated clinical behavior or suggestions for
follow-up treatment can also be included in this section.

Synoptic Report
The synoptic report summarizes the information from all other parts of the document
into a standardized format that is easily readable and searchable. The elements
included in the report are suggested by professional organizations such as the College
of American Pathology and include items such as type of procedure, tumor site, tumor
size, histologic type, mitosis, necrosis, grade, margins, and pathologic stage [1, 6].
Familiarity with the elements and structure of a pathology report can help stream-
line communication between the treating physician and pathologists. If questions
arise about the wording or findings, a direct telephone call can be enormously help-
ful in providing greater clarity.
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Facts to Remember

1. Malignant sarcomas are usually assigned a FNCLCC grade based on mitosis,
necrosis, and how closely they resemble benign connective tissue.

2. The tumor grade rendered on biopsies can be affected by sampling and should be
interpreted in the context of radiologic imaging.

3. Tumors treated with adjuvant therapy are graded based on the original biopsy.

4. Sarcomas are assigned an AJCC stage based on parameters such as size and
extent of tumor. The criteria for T categorization depends on the anatomic loca-
tion of the malignancy.

5. With the increasingly nuanced characterization of soft tissue malignancies,
familiarity with a laboratories reporting format is critical for successful coordi-
nation of diagnosis and treatment.
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Lipomatous Tumors

4.1 Lipoma

A lipoma rarely elicits much excitement in the clinic or at the microscope. However,
many unusual or malignant soft tissue tumors are initially presumed to be a lipoma,
and familiarity with this entity can prove useful when discussing an alternative diag-
nosis. Lipomas commonly occur as superficial subcutaneous masses in the shoul-
der, back, neck, abdomen, and extremities, often arising in the fifth to seventh
decade of life [1, 2]. Less frequently, they present as larger and more deeply located
masses in the muscles of the arm, thigh, or thorax [3].

Pathology

On gross examination, lipomas consist of yellow and translucent adipose tissue.
Microscopic examination shows relatively unremarkable adipocytes with incon-
spicuous eccentrically located nuclei. Sometimes, focal areas of fat necrosis are
present, but areas of significant nuclear atypia are generally not identified (Fig. 4.3).

Ancillary Studies

e Lipomas are positive for S100 immunohistochemical stain and often contain
mutations involving the HMBA?2 gene. However, these ancillary studies are not
typically utilized for diagnosis.

Differential Diagnosis

e Well-differentiated liposarcoma

© Springer International Publishing AG 2017 29
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Fig. 4.2 Multiple lipoblasts in a pleomorphic liposarcoma (arrow). These cells contain one or
more clear vacuoles that indent or displace the nuclei. These particular lipoblasts demonstrate
substantial nuclear atypia consistent with their malignant nature

Comments

1. Because lipomas and well-differentiated liposarcomas can appear remarkably
similar under the microscope, knowledge of the clinical presentation of a lipo-
matous lesion is helpful for a pathologist.

2. Pathologists have increased suspicion for liposarcoma when confronted with
adipocytic lesions that are large (greater than 10 cm) and recurrent, or have
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Fig. 4.3 Unremarkable adipocytes in a lipoma with focal areas of fat necrosis

concerning radiologic features. Fatty tumors arising in the abdomen, pelvis, and
retroperitoneum are highly suspicious for a well-differentiated liposarcoma [4].
3. Well-differentiated liposarcoma can often be excluded by demonstrating the absence
of MDM?2 or CDK4 gene amplification by fluorescence in situ hybridization.
4. Lipomas are benign, but can rarely recur, particularly if they are deeply located.
Lipomas that are intimately associated with muscle (intramuscular lipomas)
have an increased risk for recurrence [5].

4.2 Angiolipoma

Angiolipomas are fatty tumors that arise as single or multiple subcutaneous nod-
ules on the forearm, upper arm, or trunk. These often arise in young adult males
and are painful. Approximately 5% of patients will have a family history of angio-
lipomas [2, 6].

Pathology

On gross examination, resected angiolipomas tend to appear as fatty tissue.
Microscopic examination demonstrates bland-appearing adipose tissue with promi-
nent blood vessels (Fig. 4.4a). Occasionally, this vascular network can be the pre-
dominant component of the lesion. At least a few of the vessels will contain fibrin
thrombi (Fig. 4.4b) [7].

Ancillary Studies

e The vessels in an angiolipoma are highlighted by CD34, CD31, and ERG immu-
nohistochemical stains.
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Fig. 4.4 (a) Angiolipoma with network of dilated vessels in association with benign-appearing
adipose tissue. (b) Vessels of angiolipoma with fibrin thrombi (arrow)

Differential Diagnosis

e Lipoma

e Kaposi sarcoma

e Intramuscular hemangioma
* Spindle cell lipoma
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Comments

1. Lipomas contain scattered capillaries, but these are compressed and lack the
intravascular thrombi seen in angiolipoma.

2. Highly cellular angiolipomas can be mistaken for a more aggressive neoplasm
such as Kaposi sarcoma. The endothelial tumor cells in Kaposi sarcoma are dis-
tinguished by positive HHV-8 staining.

3. Sometimes hemangiomas in the muscle can have associated adipose tissue.
However, the vessels in intramuscular hemangiomas are much larger than those
seen in a subcutaneous angiolipoma [2].

4. A cellular angiolipoma can have areas of vague spindling which can be confused
for a spindle cell lipoma. While the cells in spindle cell lipoma will also stain
with CD34, they lack more specific endothelial markers like CD31.

5. Angiolipomas are benign lesions that are cured by complete excision and typi-
cally do not recur [5].

4.3 Spindle Cell/Pleomorphic Lipoma

Spindle cell/pleomorphic lipomas are benign lesions that arise in the subcutaneous
tissue of the posterior neck, back, and shoulders of middle-aged to older adults.
These occasionally can occur in other areas such as the head and extremities [8].

Pathology

Spindle cell lipomas contain bland adipose tissue that is traversed by a vaguely
organized population of benign-appearing spindle cells. These spindle cells are usu-
ally associated with thick and dense collagen fibers (Fig. 4.5a). The more pleomor-
phic forms of this neoplasm will contain cells with multiple peripherally arranged
nuclei that are referred to as “floret cells” (Fig. 4.5b) [8, 9].

Ancillary Studies

» Although not specific, spindle cell lipomas are positive for a CD34 immunohis-
tochemical stain [10].

Differential Diagnosis

e Neurofibroma

e Solitary fibrous tumor
e Well-differentiated liposarcoma
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AN

Fig. 4.5 (a) Spindle cell/pleomorphic lipoma with dense collagen and scattered spindle cells
(arrow). (b) Occasional multinucleated “floret cell” in a spindle cell/pleomorphic lipoma

Comments

. Unlike neurofibroma, most spindle cell lipomas are negative for S100.

. Solitary fibrous tumor can be distinguished from spindle cell lipomas by positive

staining with STAT6.

3. More atypical forms of spindle cell/pleomorphic lipoma can be confused for
well-differentiated liposarcoma. Well-differentiated liposarcomas only rarely
occur in the subcutaneous tissue and do not typically exhibit ropey collagen fibers.

4. If the microscopic features are particularly concerning, negative FISH studies for

MDM?2 gene amplification can help exclude well-differentiated liposarcoma [2].

N =
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4.4 Hibernoma

Hibernomas are benign adipocytic tumors that are similar to lipomas, except that
the cells resemble the adipocytes seen in brown fat. These neoplasms occur over a
broad age range, with the average age of occurrence being 38 years-old. Frequent
locations include the thigh, shoulder, back, neck, chest, and arm, among others.
Clinically, these present as progressively and slowly enlarging masses [11].

Pathology

The neoplasm is composed of adipocytes with eosinophilic granular or vacuolated
cytoplasm (Fig. 4.6). Varying amounts of usual appearing adipocytes with clear
cytoplasm can also be interspersed among these cells [5].

Ancillary Studies

* Ancillary studies are not typically utilized to diagnose a hibernoma.

Differential Diagnosis

e Rhabdomyoma

e Granular cell tumor

e Well-differentiated liposarcoma or myxoid liposarcoma with hibernomatous
cells
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Fig. 4.6 Hibernoma with numerous adipocytes containing vacuolated and eosinophilic
cytoplasm
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Comment

1. Rhabdomyoma can be distinguished from hibernoma by cross striations in the
cytoplasm and positive skeletal muscle markers.

2. A granular cell tumor also has neoplastic cells with eosinophilic cytoplasm, but
the cytoplasmic granules are much finer than seen in rhabdomyoma [2].

3. Well-differentiated liposarcoma and myxoid liposarcoma can rarely contain fat
cells with hibernoma-like changes. A careful eye for other malignant features
and molecular cytogenetics can identify these more ominous entities.

4. Hibernomas are benign lesions that do not recur.

4,5 Lipoblastoma

Lipoblastomas are benign lipomatous neoplasms of infants and young children.
These occur as superficial soft tissue masses in the upper and lower extremities,
head and neck, or trunk. Although benign, lipoblastomas have been associated with
disorders such as autism, seizures, congenital anomalies, developmental delay,
Sturge-Weber syndrome, or a family history of lipomas [12, 13].

Pathology

Grossly, these lesions appear to be yellow or tan in color, and myxoid areas are
frequently present. In lesions that have a less “mature” appearance, microscopic
examination shows immature adipocytes and occasional lipoblasts that are parti-
tioned by fibrous septa to form a lobulated architecture (Fig. 4.7). Myxomatous
areas and a delicate capillary architecture can be identified [14].

Fig. 4.7 Lipoblastoma with immature adipocytes and myxoid changes
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Ancillary Studies

e Lipoblastomas exhibit mutations involving the PLAG gene on chromosome 8.
e These tumors are negative for genetic mutations involving the DDIT3 gene on
chromosome 12.

Differential Diagnosis

e Myxoid liposarcoma

Comment

1. “Immature lipoblastomas” can look almost identical to a myxoid liposarcoma,
since both can have a myxoid background, lipoblasts, and a delicate network of
capillaries.

2. While pediatric myxoid liposarcomas rarely occur, these usually only do so in
the second decade of life and should be cautiously diagnosed only after molecu-
lar confirmation [15].

3. Myxoid liposarcomas can be distinguished by their genetic translocations involv-
ing the DDIT3 gene.

4. Lipoblastomas are benign, but they can recur. Patients with diffuse lesions that
are incompletely excised are particularly at risk for recurrence [2].

4.6 Atypical Lipomatous Tumor/Well-Differentiated
Liposarcoma

Atypical lipomatous tumor/well-differentiated liposarcoma represents almost half
of adipocytic malignancies and has a predilection for deep locations, such as the
retroperitoneum and deep proximal extremities. Other sites of occurrence include
the mediastinum or spermatic cord. Superficial locations, such as subcutaneous tis-
sue, are extraordinarily rare. Clinically, these arise as painless and slowly enlarging
masses that can grow quite large prior to discovery. The diagnosis can sometimes be
suspected from the size, location, and appearance of prominent fibrous septations
on imaging [16-18].

Pathology

It is usually apparent to the naked eye that these neoplasms are adipocytic. However,
on gross examination the adipose tissue has a vaguely opaque and creamy appear-
ance (Fig. 4.8). Microscopically, liposarcomas contain adipose tissue that is parti-
tioned by thickened fibrous septa that contains cells with dark and hyperchromatic
nuclei (Fig. 4.9). Sometimes, fibrosis or associated chronic inflammation can be
particularly prominent (Fig. 4.10) [19, 20].
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Fig. 4.8 Gross appearance of a well-differentiated liposarcoma. The adipose tissue demonstrates
a whitish, creamy appearance (arrow)

Fig. 4.9 Well-differentiated liposarcoma with cells containing enlarged and hyperchromatic
nuclei (arrow) in fibrous septa

Ancillary Studies

e Well-differentiated liposarcoma demonstrates genetic amplification of a region
on chromosome 12 (12q13-15).

e This can be confirmed by FISH studies for genes corresponding to this area, such
as MDM?2 or CDK4 [21, 22].
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Fig. 4.10 Sclerosing well-differentiated liposarcoma with an extensively fibrotic background

Differential Diagnosis

Lipoma
Spindle cell/pleomorphic lipoma
Angiomyolipoma

Comment

. Areas of fat necrosis in a lipoma or multinucleated cells in a spindle cell/pleomor-

phic lipoma can be mistaken for well-differentiated liposarcoma. These lesions
usually are more superficial and lack MDM?2 amplification by FISH studies.
Angiomyolipoma is a tumor that contains fat and arises in the retroperitoneum,
which can cause suspicion for well-differentiated liposarcoma. The cells in angi-
omyolipoma are positive for HMB-45 or MART-1 immunohistochemical stains,
distinguishing this neoplasm from well-differentiated liposarcoma.

. Well-differentiated liposarcomas do not metastasize but will recur if not com-

pletely excised [23, 24].
Complete removal of well-differentiated liposarcoma in the retroperitonem is
virtually impossible, and recurrence is almost certain (91% of cases). Tumors

arising in the extremity have a less frequent recurrence rate of approximately
43% [23].

. Approximately a third of patients with retroperitoneal well-differentiated lipo-

sarcoma will die from the disease, while tumors in the extremity have been
shown to have virtually no mortality. Retroperitoneal tumors have a greater prob-
ability of evolving to higher-grade sarcomas (dedifferentiated liposarcoma).
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4.7 Dedifferentiated Liposarcoma

Dedifferentiated liposarcoma can be viewed as a previously well-differentiated
liposarcoma that has lost its adipocytic nature and transformed into a more aggres-
sive sarcoma with metastatic potential. Radiographic imaging and gross examina-
tion can suggest a dedifferentiated component when a nonfatty mass is associated
with a predominantly adipocytic tumor [25, 26].

Pathology

On gross examination, the pathologist will often see a fibrous-like area within an
adipocytic tumor. Microscopic examination of this area will reveal highly atypical
tumor cells without any lipomatous features (Figs. 4.11 and 4.12) [26].

Ancillary Studies

* The amplification identified on chromosome 12 (12q13-15) in well-differentiated
liposarcomas is also present in dedifferentiated liposarcomas [27].

e This can also be confirmed by FISH studies showing MDM?2 or CDK4 gene
amplification.

Differential Diagnosis

* Undifferentiated high-grade pleomorphic sarcoma
* Another high-grade sarcoma infiltrating benign adipose tissue

Fig. 4.11 Well-differentiated liposarcoma that abruptly transitions to a high-grade dedifferenti-
ated liposarcoma
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Fig.4.12 Dedifferentiated liposarcoma with nuclear pleomorphism and increased mitosis

Comment

1. Although the appearances can be virtually identical, positive MDM?2 amplifica-
tion usually distinguishes dedifferentiated liposarcoma from an undifferentiated
high-grade pleomorphic sarcoma.

2. Most dedifferentiated liposarcomas will retain the features of residual well-
differentiated liposarcoma in other areas of the lesion. Identification of this well-
differentiated component helps exclude a sarcoma that is infiltrating into benign
adipose tissue [2].

3. Dedifferentiated sarcomas frequently recur (41%) and have a mortality of 28%
that usually results from direct extension of the primary tumor mass [26].

4. Unlike well-differentiated liposarcomas, these higher-grade tumors can metasta-
size (17%) [26].

5. Wide surgical excision often with adjuvant therapy is recommended for treat-
ment [28].

4.8 Myxoid Liposarcoma

Myxoid liposarcoma is an adipocytic malignancy that most frequently occurs in
the deep proximal lower extremities of adults, most often in the fifth decade of
life. These tumors can also arise in young adults [2]. Unlike well-differentiated
liposarcoma, this tumor rarely if ever occurs in the retroperitoneum and can
metastasize [29].
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Pathology

When encountered in the gross examination room, myxoid liposarcomas are typically
multinodular and gelatinous. True to their name, microscopic examination reveals sub-
stantial background myxoid material with delicate capillaries, bland-appearing mesen-
chymal cells, and scattered lipoblasts (Fig. 4.13). Higher-grade tumors contain areas of
overlapping round cells with enlarged nuclei and prominent nucleoli (Fig. 4.14) [30].

Fig. 4.14 High-grade round cell component of a myxoid/round cell liposarcoma. The arrow
points out scattered lipoblasts
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Ancillary Studies

e Myxoid liposarcomas consistently show a translocation involving the DDIT gene
(on chromosome 12) and FUS gene (on chromosome 16), which can be identi-
fied by FISH studies.

e 5-10% of tumors have an alternate translocation involving the DDIT gene (on
chromosome 12) and EWS gene (on chromosome 22) [31].

Differential Diagnosis

e Well-differentiated liposarcoma with myxoid changes
¢ Extraskeletal myxoid chondrosarcoma

e Lipoblastoma

e Myxofibrosarcoma

Comment

1. Myxoid liposarcomas do not contain the atypical hyperchromatic cells seen in
myxofibrosarcoma or well-differentiated liposarcoma.

2. Although lipoblastomas and myxoid liposarcomas can look virtually identical,
myxoid liposarcomas almost never occur in the first decade of life.

3. Extraskeletal myxoid chondrosarcoma also arises in the proximal extremities but
lacks the delicate capillary network seen in myxoid liposarcoma.

4. FISH studies can be used to confirm the diagnosis with highly specific transloca-
tions involving the DDIT3 gene.

5. Approximately a third of myxoid liposarcomas will metastasize and approxi-
mately a third of patients will die from this tumor [2].

6. Tumors with a significant population of round cells with vesicular nuclei (over
5%) or necrosis (sometimes referred to as round cell sarcoma) have an increased
risk for metastasis and a worse prognosis [32].

7. Wide surgical excision is the standard approach to treatment. High-grade lesions
will often receive radiation or chemotherapy [33].

4.9 Pleomorphic Liposarcoma

Pleomorphic liposarcoma is a rare sarcoma of adipocytic differentiation that is dis-
tinct from well-differentiated liposarcoma or myxoid liposarcoma. These often
occur in the retroperitoneum or thigh of older adults, most frequently in the seventh
decade of life [5, 34].
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Fig. 4.15 Pleomorphic sarcoma with scattered bizarre lipoblasts containing vacuolated cytoplasm

Pathology

Microscopically, this tumor can appear as a high-grade sarcoma with focal areas of
lipoblasts that indicate the lipogenic nature of the neoplasm (Fig. 4.15). Alternatively,
these tumors can appear as sheets of bizarre-appearing lipogenic cells. In either
case, nuclear atypia and mitoses are easily found in this high-grade tumor.

Ancillary Studies

e Unlike other malignant lipogenic tumors, pleomorphic liposarcoma lacks a con-
sistent cytogenetic abnormality.

Differential Diagnosis

e Dedifferentiated liposarcoma
e Undifferentiated high-grade pleomorphic sarcoma
e Carcinoma (e.g., renal cell carcinoma)

Comment

1. Dedifferentiated liposarcoma can have areas similar to pleomorphic liposar-
coma. When in doubt, the absence of MDM?2 gene amplification can exclude
dedifferentiated liposarcoma as a diagnostic possibility.

2. Negative immunohistochemical stains for epithelial cells (e.g., cytokeratin) can
sometimes help differentiate pleomorphic liposarcoma from a poorly differenti-
ated carcinoma.
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3. Pleomorphic liposarcoma is an aggressive high-grade tumor in which 30-40% of
patients will develop metastasis [2]. The 5-year disease-free survival is 39% [35].
4. Treatment typically consists of wide resection and adjuvant therapy.

Facts to Remember

1. Spindle cell/pleomorphic lipomas are benign subcutaneous tumors that often
occur in the neck and back and can contain atypical appearing multinucleated
cells.

2. Hibernomas are benign fatty tumors that are similar to lipomas but exhibit fea-
tures reminiscent of brown fat.

3. Angiolipomas often manifest as painful subcutaneous nodules on the forearm of
young adults. These benign lesions contain numerous capillaries admixed with
unremarkable adipose tissue.

4. Clinicians and pathologists should be vigilant not to dismiss a well-differentiated
liposarcoma as a benign lipoma.

5. Special attention should be given to recurrent lipomatous lesions or prominent
deep lesions in older adults. All retroperitoneal fatty tumors should be carefully
assessed for features of well-differentiated liposarcoma.

6. Well-differentiated and dedifferentiated liposarcoma consistently manifest
amplification of the MDM?2 gene on chromosome 12.

7. Myxoid liposarcoma is a liposarcoma with metastatic potential that often occurs
in the proximal extremities of adults. It can be confirmed by mutations involving
the DDIT3 gene.

8. Pleomorphic liposarcoma is another distinct form of liposarcoma distinguished
by anaplastic tumor cells and bizarre lipoblasts.

9. Dedifferentiated, myxoid, and pleomorphic liposarcomas have metastatic poten-
tial and can often recur.
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Fibroblastic/Myofibroblastic Tumors

Fibroblastic and myofibroblastic tumors represent a large group of soft tissue neo-
plasms that are made up of cells resembling those found in tendons or ligaments.
Fibroblasts appear as spindle cells with elongated nuclei and variable amounts of
associated eosinophilic collagen deposition (Fig. 5.1). Myofibroblasts can be spin-
dled or star-shaped and demonstrate some muscle-type antigens (e.g. smooth mus-
cle actin) by immunohistochemistry. The behavior of these tumors can span from
completely benign to malignant [1].

5.1 Nodular Fasciitis and Similar Lesions

Nodular fasciitis is a lesion that typically presents in the subcutaneous tissue of
adults in the third to fifth decade of life. It most commonly occurs in the upper extrem-
ities but can also arise in the head and neck and trunk, among other areas. Because
nodular fasciitis can rapidly enlarge over the course of weeks, patients and their
physicians can become quite concerned about an aggressive neoplasm, prompting
biopsy. Over time, the growth of these tumors typically plateaus and they reach a
size of no more than 3 cm in greatest dimension [2—4].

Pathology

Grossly, nodular fasciitis appears to be well circumscribed and gelatinous or fibrous
in consistency. The microscopic features are thought to depend on the age of the
lesion. If biopsied soon after onset, the slides show a haphazard arrangement of
slender fibroblasts in the background of myxoid material (Fig. 5.2a). This is some-
times referred to as a “tissue culture” appearance, given the morphologic similarity
to viral cultures in a microbiology lab. Background inflammation, focal areas of
microhemorrhage, and mitosis can be seen (Fig. 5.2b). Multinucleated giant cells
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Fig.5.1 Fibroblastic cells of superficial fibromatosis with elongated and slender nuclei with vary-
ing amounts of associated collagen

can often be identified. Lesions of medium duration are more cellular and lose their
myxoid appearance. Long-standing lesions often exhibit dense sclerosis reminis-
cent of a scar [4].

Neoplasms similar to nodular fasciitis

e Proliferative fasciitis and proliferative myositis are benign rapidly growing
lesions that occur in the extremities of adults and have a somewhat similar mor-
phologic appearance to nodular fasciitis. These lesions can also have large epi-
thelioid or ganglion-like cells with enlarged nuclei and conspicuous nucleoli
(Fig. 5.3a) [5].

e Ischemic fasciitis occurs in older adults who have limited mobility. They tend to
arise at bony prominences such as the shoulder. In addition to a haphazard
arrangement of myofibroblasts, these lesions also contain juxtaposed areas of
necrosis and scattered ganglion-like cells, similar to those seen in proliferative
fasciitis (Fig. 5.3b) [6, 7].

Ancillary Studies
* Nodular fasciitis manifests chromosomal translocations involving the USP6

gene.
e The USP6 translocation can be detected by FISH.
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Fig.5.2 (a) Nodular fasciitis with haphazard arrangement of fibroblastic cells. (b) Area of micro-
hemorrhage in nodular fasciitis

Differential Diagnosis

e Myxofibrosarcoma

e Low-grade myofibroblastic sarcoma
* Superficial or deep fibromatosis

* Fibroma of tendon sheath
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Fig. 5.3 (a) Proliferative fasciitis with plump epithelioid- or ganglion-like cells. (b) Ischemic
fasciitis with area of necrosis and scattered plump epithelioid cells

Comment

1. Nodular fasciitis often presents as a rapidly growing lesion that displays disorga-
nized spindle cells and multiple mitoses. This morphology and clinical
presentation can be mistaken for more aggressive lesions such as myxofibrosar-
coma, low-grade myofibroblastic sarcoma, and fibromatosis.

2. However, nodular fasciitis is usually smaller in size and lacks the atypical mitoses
seen in these more aggressive neoplasms.
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3. Although fibromatosis can have focal areas resembling nodular fasciitis, it typi-
cally is more infiltrative in nature.

4. Nodular fasciitis is a benign lesion that almost never recurs.

5. Recurrent lesions originally diagnosed as nodular fasciitis should be carefully
assessed for features of a sarcoma. In difficult cases, FISH studies for USP6 can
help confirm the diagnosis of nodular fasciitis.

5.2 Fibroma of Tendon Sheath

Fibromas of the tendon sheath arise in adult patients between the third and fifth
decades of life and typically measure less than 2 cm in size [1, 8]. They present as
slow-growing nodules that are attached to the tendons of the hands or feet. The
thumb, index, and middle finger are the digits most commonly involved, and some
patients can experience tenderness or limited range of motion in the involved digit
[9, 10]. Given the location, these are often clinically presumed to be ganglion
cysts [11].

Pathology

Grossly, fibroma of tendon sheath appears as a fibrous nodule. The microscopic sec-
tions display single or multiple lobules of stellate cells with extensive amounts of
associated dense sclerosis (Fig. 5.4). Compressed vascular spaces are often located
at the periphery of the lesion (Fig. 5.5). Although frequently hypocellular, there can
be focally more cellular areas that appear similar to nodular fasciitis [1].

Fig.5.4 Fibroma of tendon sheath with stellate cells and dense fibrosis
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Fig. 5.5 Compressed vascular spaces at the periphery of a fibroma of tendon sheath
Differential Diagnosis

¢ Nodular fasciitis
e Giant cell tumor of tendon sheath

Comment

1. Although focal areas of fibroma of tendon sheath can resemble nodular fasciitis,
nodular fasciitis only rarely arises in the hands and feet. Furthermore, nodular
fasciitis clinically arises more rapidly than fibroma of tendon sheath [11].

2. Giant cell tumor of tendon sheath also arises in the hands and feet and can dem-
onstrate fibrosis in long-standing lesions. However, giant cell tumor of tendon
sheath will typically retain at least focal areas of hemorrhage or foamy
macrophages.

3. Fibroma of tendon sheath is a benign lesion, but does carry a moderate risk of
recurrence (approximately 25%) [8]. Patients with recurrence can be cured with
a second excision [12].

5.3  Nuchal-Type Fibroma

Nuchal-type fibromas often arise as subcutaneous masses in adults around the head
and neck area. Most measure 1-6 cm in greatest dimension [1]. Despite the designa-
tion as “nuchal,” approximately a third of these lesions will occur at other anatomic
sites. Curiously, many patients (approximately 44%) with nuchal-type fibroma also
have diabetes mellitus [13].
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Fig. 5.6 Nuchal-type fibroma with dense ropey collagen and focal area of entrapped adipose
tissue

Pathology

Microscopically, these lesions are predominantly composed of dense, ropey colla-
gen with scattered fibroblasts and nests of adipose tissue (Fig. 5.6). This fibrous
tissue can entrap focal nerves and adnexal structures [13, 14].

Ancillary Studies

e Ancillary studies are not usually employed for the diagnosis of nuchal-type
fibroma. The diagnosis is typically based on the morphologic appearance alone.

Differential Diagnosis

* Elastofibroma

* Gardner-associated fibroma

Comment

1. Elastofibromas also occur in the back or upper neck area. They can be distin-
guished by the identification of beaded cords of elastin fibers.

2. Nuchal-type fibroma can be difficult if not impossible to distinguish from
Gardner-associated fibroma.
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3. Consequently, nuchal-type fibroma lesions are often diagnosed as nuchal-type/
Gardner-associated fibroma with a comment recommending assessment for clin-
ical features of Gardner syndrome.

4. Lesions with nuchal-type fibroma morphology in children are generally consid-
ered to be Gardner-associated fibroma [12].

5. These are benign lesions that are treated with surgical resection. If incompletely
excised they can recur.

54 Gardner-Associated Fibroma

Gardner-associated fibromas occur in young children and are associated with famil-
ial adenomatous polyposis. A timely diagnosis can result in appropriate screening
and prevention of future intestinal adenocarcinoma. It often arises as a subcutane-
ous lesion on the back or head and neck region [15]. In addition to fibromas and
intestinal polyposis, patients with Gardner syndrome also present with epidermal
inclusion cysts, osteomas, and deep fibromatosis (desmoid tumors) [16].

Pathology

On gross examination, Gardner-associated fibroma appears as a fibrous lesion that
can measure up to 12 cm in size. Microscopically, these tumors contain ropey,
densely collagenized fibrous tissue with some associated mature adipose tissue
(Fig. 5.7). Only focal entrapment of nerves is seen.

Fig. 5.7 Gardner-associated fibroma with ropey collagen. The appearance is very similar to
nuchal-type fibroma
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Ancillary Studies

e Gardner-associated fibromas are typically diagnosed based on their morphologic
appearance.

e Beta-catenin immunohistochemistry alone is neither sufficiently sensitive nor
specific for definitive exclusion or confirmation of the diagnosis [17].

Differential Diagnosis

¢ Deep fibromatosis (desmoid tumor)
e Nuchal type fibroma

Comment

1. Deep fibromatosis is a fibrotic lesion that can also arise in patients with Gardner
syndrome. These neoplasms typically have a more organized arrangement of
fibroblasts in a streaming and fascicular architecture.

2. Differentiation between Gardner-associated fibroma and nuchal-type fibroma
can be virtually impossible at times. Sometimes, the diagnosis of “nuchal-type/
Gardner-associated fibroma” is rendered.

3. Gardner-associated fibromas are treated surgically and may recur if not com-
pletely resected.

4. Arranging appropriate screening for other manifestations of Gardner syndrome,
such as familial adenomatous polyposis, is key in preventing later onset of a
colonic adenocarcinoma [1].

5.5 Elastofibroma

Elastofibroma is a benign fibrous proliferation that usually occurs beneath the mus-
cles around the scapula or chest wall. This lesion predominantly manifests in older
adults in the 6th to 7th decade. It is more common in females, and approximately
half of patients have bilateral lesions [10, 18].

Pathology

Microscopically, these lesions are primarily composed of fibrous tissue admixed
with adipose tissue (Fig. 5.8). On closer examination the fibrous tissue contains
vaguely refractive globules and beads of elastin fibers (Fig. 5.9).

Ancillary Studies

e A special stain (Verhoeff elastin stain) will also highlight elastin fibers.
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Fig.5.9 High-power examination of an elastofibroma shows beaded elastin fibers

Differential Diagnosis

* Gardner-associated or nuchal-type fibroma
e Spindle cell lipoma

Comment

1. The extensive amount of fibrous tissue intermixed with adipose tissue can sug-
gest entities such as nuchal-type fibroma or spindle cell lipoma.
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2. High-power examination of the H&E slide will typically reveal elastin fibers.

3. Knowledge of the site of origin (beneath the scapula or chest wall) can trigger
the pathologist to closely assess for these features.

4. These are benign lesions that can be treated with conservative excision.
Recurrence is rare.

5.6 Superficial Fibromatosis

Superficial fibromatosis is a benign proliferation of fibroblasts that can occur in
the hand (palmar fibromatosis), foot (plantar fibromatosis), or penis (penile
fibromatosis/Peyronie disease). Palmar fibromatosis predominantly occurs in
Caucasian men over 65 years. These lesions arise slowly and evolve to the point
of causing flexion contractures [1]. Plantar fibromatosis has a broader age distri-
bution and can be found in young adults [19]. Both have been associated
with numerous medical conditions such as type I and II diabetes mellitus and
alcoholism [20, 21].

Pathology

Superficial fibromatosis grossly appears as fibrous nodules that are typically less
than 1 cm in size. Microscopically, they are composed of long bundles of fibroblasts
with varying amounts of associated collagen material (Fig. 5.10). Although these
can be cellular, there is minimal mitosis or atypical nuclei.
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Fig.5.10 Superficial fibromatosis with long fascicles of spindle cells in the background of fibrous
tissue
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Ancillary Studies

* A percentage of superficial fibromatosis lesions (approximately 60%) will show
nuclear staining for beta-catenin [17].

Differential Diagnosis

e Malignant peripheral nerve sheath tumor
e Synovial sarcoma

Comment

1. While the architecture and cellularity of superficial fibromatosis can mimic
more aggressive soft tissue tumors, fibromatosis lacks the nuclear atypia or
increased mitoses found in malignant peripheral nerve sheath tumor or synovial
sarcoma.

2. Although benign, these lesions frequently recur.

3. Fasciectomy/aponeurosectomy is a common treatment approach [1, 12].

5.7 Deep (Desmoid-Type) Fibromatosis

Deep or desmoid-type fibromatosis is a fibrous proliferation thought to arise from
the connective tissue of muscle, overlying fascia, or aponeurosis. Conceptually,
these tumors are divided into tumors that arise in the abdominal wall (abdominal
fibromatosis), within the abdomen (intra-abdominal fibromatosis), or outside the
abdomen (extra-abdominal fibromatosis). Abdominal fibromatosis is usually seen
in young women after childbirth [22]. Extra-abdominal fibromatosis often occurs in
young adults (median age of 37 years) and arises in the shoulder, spine, thorax, hip,
or thigh [23]. Intra-abdominal fibromatosis also occurs in young adults (average age
of 41 years). A small subset of these arises as a manifestation of Gardner syndrome,
a familial condition that includes deep fibromatosis, Gardner-associated fibroma,
and familial adenomatous polyposis [24].

Pathology

Grossly, these tumors have a fibrotic appearance. The microscopic sections show
long bundles of bland-appearing fibroblasts that are typically less cellular than
superficial fibromatosis. There are varying amounts of background collagenous and
myxoid stroma (Fig. 5.11). Occasional prominent capillaries are lodged in between
the fascicles and focal extravasated erythrocytes can be seen (Fig. 5.12) [10].
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Fig.5.12 Lodged capillaries and extravasated red blood cells in deep fibromatosis

Ancillary Studies

* Deep fibromatosis is primarily a histologic diagnosis.
e Occasionally, a positive beta-catenin stain or finding of a CTNNBI mutation can
help confirm the diagnosis [25].
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Differential Diagnosis

¢ Nodular fasciitis
e Retroperitoneal fibrosis
¢ Gastrointestinal stromal tumor

Comment

1. Deep fibromatosis can focally demonstrate areas of disorganized spindle cells,
reminiscent of nodular fasciitis; however, nodular fasciitis typically presents as
a more circumscribed lesion in the subcutaneous tissue.

2. Retroperitoneal fibrosis usually presents as a perivascular mass in the abdomen
and often contains aggregates of plasma cells that are sometimes positive for
IgG4.

3. CD117 and DOG1 immunohistochemical stains are positive in a gastrointestinal
stromal tumor and negative in deep fibromatosis.

4. Although deep fibromatosis does not metastasize, it can be locally aggressive.

5. The particular clinical behavior of a deep fibromatosis depends on the site of
occurrence.

6. Extra-abdominal deep fibromatosis has a recurrence rate of approximately
35-65%, while abdominal lesions have a recurrence rate of 15-30%.

7. Sporadic intra-abdominal lesions have a low rate of recurrence (12%), while
those associated with Gardner syndrome almost always recur (90%) [1].

8. Treatment options include observation. If the lesion is symptomatic or is endan-
gering vital structures, surgical resection can be pursued, though excised lesions
can recur. Other treatment options include tamoxifen, non-steroidal anti-
inflammatory drugs (NSAIDS), and chemotherapy regimens [26].

5.8 Solitary Fibrous Tumor

Solitary fibrous tumor is a fibroblastic neoplasm that can arise in multiple locations,
including the extremities, pelvis, retroperitoneum, pleura, chest wall, and abdomi-
nal serosa. These tumors arise in patients of all ages with most extrathoracic lesions
occurring in the sixth decade [27]. Rarely, these tumors can induce hypoglycemia,
sweating, or even coma by secretion of insulin growth factor [28].

Pathology

Grossly, these neoplasms are fibrotic but can exhibit cystic degeneration. Under the
microscope, solitary fibrous tumors are said to demonstrate a “patternless pattern”,
which refers to the highly variable appearances that a pathologist can encounter in
a single tumor. In more cellular portions of a solitary fibrous tumor, ovoid to spindle
cells are arranged around branching vessels of varying shapes and sizes (Fig. 5.13).
In less cellular portions, there are scattered ovoid cells in the background of dense
collagen and vessels with perivascular hyalinization (Figs. 5.14 and 5.15).
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Fig. 5.13 Cellular solitary fibrous tumor with a dense population of ovoid tumor cells

Fig. 5.14 Scattered vascular spaces in a less cellular area of solitary fibrous tumor

Ancillary Studies

e Solitary fibrous tumor is often positive for CD34 and bcl-2 immunohistochemi-
cal stains [29].

* Recently, solitary fibrous tumor has been found to have a unique translocation
between the NAB2 and STAT6 genes.

e Positive nuclear staining with a STAT6 immunohistochemical stain is fairly spe-
cific for solitary fibrous tumor [30].
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Fig.5.15 Solitary fibrous tumor with bland ovoid cells in a background of fibrosis

Differential Diagnosis

Synovial sarcoma

e Schwannoma

e Spindle cell lipoma

Comments

1. Given its highly variable morphologic appearance, solitary fibrous tumor has a
broad differential diagnosis.

2. Synovial sarcoma can have spindle cells and branching vessels, but is usually
negative for CD34.

3. Schwannomas with degenerative changes can exhibit the perivascular hyaliniza-
tion seen in solitary fibrous tumor. Unlike schwannomas, solitary fibrous tumors
are negative for S100.

4. Both spindle cell lipomas and solitary fibrous tumors are positive for CD34;
however, spindle cell lipoma will not stain for STAT6.

5. Since solitary fibrous tumors can metastasize, these are overall considered to be
intermediate in behavior. However, predicting which tumors will result in metas-
tasis has been problematic.

6. A recently published stratification model utilizes age, size, and mitosis to calcu-

late risk for metastasis and disease free survival.
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7. Using this algorithm, tumors considered low-risk have no risk for metastasis and
no disease-specific mortality. Patients with intermediate-risk have a 10-year
metastasis-free and disease-specific survival rates of 64% and 93%, respectively.
High-risk lesions inevitably result in metastasis and disease-specific mortality
after 10 years [31].

8. Complete excision is the standard treatment for solitary fibrous tumors.

5.9 Inflammatory Myofibroblastic Tumor

Inflammatory myofibroblastic tumor is a soft tissue neoplasm that often arises in
children and young adults in the abdomen, pelvis, or retroperitoneum [32]. Patients
with these tumors can rarely present with constitutional symptoms of fever or
weight loss, increased erythrocyte sedimentation rate, thrombocytosis, or micro-
cytic anemia [33].

Pathology

Microscopically, these neoplasms are composed of haphazardly arranged bland-
appearing spindle cells and an associated inflammatory cell population (Fig. 5.16).
Other areas of inflammatory myofibroblastic tumors can be less cellular and dem-
onstrate increased collagen deposition (Fig. 5.17) [32].

Fig.5.16 Inflammatory myofibroblastic tumor with a haphazard arrangement of spindle cells and
associated chronic inflammation
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Fig.5.17 Long-standing inflammatory myofibroblastic tumor with extensive collagen deposition

Ancillary Studies

e Fifty percent of inflammatory myofibroblastic tumors are positive for ALK
immunohistochemical stain and demonstrate clonal rearrangements involving
the ALK gene (2p23).

Differential Diagnosis

e Gastrointestinal stromal tumor
e Dedifferentiated liposarcoma
¢ Desmoid fibromatosis

Comments

1. Inflammatory myofibroblastic tumor arising in the abdomen can be mistaken for
gastrointestinal stromal tumor. However, inflammatory myofibroblastic tumors
are negative for a CD117 immunohistochemical stain.

2. Dedifferentiated liposarcomas also arise in the abdomen and can have associated
inflammation. If this diagnosis is in question, FISH studies will show inflamma-
tory myofibroblastic tumor to be negative for the MDM?2 gene amplification
found in well-differentiated and dedifferentiated liposarcoma.

3. Desmoid fibromatosis can have focal areas of disorganization, but examination
of other parts of the tumor will reveal a more organized fascicular pattern of
spindle cells.
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4. Although inflammatory myofibroblastic tumors often recur, incidence of metas-
tasis is less than 5%. A rare variant of inflammatory myofibroblastic tumor with
a more epithelioid morphology behaves in a more agressive fashion [34].

5. Surgical resection is the primary treatment. Adjuvant radiation or chemotherapy
is sometimes administered for recurrent lesions. Crizotinib, an ALK inhibitor,
can prove helpful for adjuvant treatment.

5.10 Dermatofibrosarcoma Protuberans

Dermatofibrosarcoma protuberans (DFSP) is a neoplasm that typically arises in
young adults, with the peak incidence occurring in the third decade of life. Clinically,
this begins as a plaque-like thickening of the skin and steadily progresses to a sub-
cutaneous nodular mass over the course of several years. Frequent sites of involve-
ment include the trunk and proximal upper and lower extremities [35].

Pathology

Grossly, these are typically solitary masses that are multinodular and measure sev-
eral centimeters in size (average of 5.0 cm). Although these are highly infiltrative
tumors, they can appear deceivingly well circumscribed to the naked eye [35].
Microscopically, dermatofibrosarcoma protuberans is composed of bland-appearing
spindled fibroblasts that are arranged in an irregularly whorled or storiform pattern
(Fig. 5.18). The tumor is notorious for percolating into underlying subcutaneous
adipose tissue (Fig. 5.19) [36]. Additionally, the cells extend along connective tissue
septa, making resection particularly difficult (Fig. 5.20).
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Fig.5.18 Dermatofibrosarcoma protuberans with a whorled, storiform pattern
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Fig. 5.19 Dermatofibrosarcoma protuberans entrapping the underlying adipocytes of the subcu-
taneous tissue

Fig. 5.20 Dermatofibrosarcoma protuberans extending long tentacles into the surrounding adi-
pose tissue (arrow)

Occasionally, a DFSP can have a more aggressive component where the
spindle cells organize in a bundled or fascicular arrangement (Fig. 5.21). This
variant is referred to as the fibrosarcomatous variant of dermatofibrosarcoma
protuberans [37].
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Fig.5.21 Fibrosarcomatous variant of dermatofibrosarcoma protuberans. The cells have a more
organized and bundled arrangement

Ancillary Studies

Dermatofibrosarcoma protuberans is strongly positive for a CD34 immunohisto-
chemical stain.

This neoplasm manifests a unique (and diagnostic) fusion of the COLIAI and
PDGFB genes, which can be detected by FISH.

Differential Diagnosis

Fibrous histiocytoma (dermatofibroma)

Comment

. Unlike dermatofibrosarcoma protuberans, fibrous histiocytoma tends to be lim-

ited to the dermis.

Assessment for the COLIAI-PDGFB fusion gene can be helpful in difficult
cases.

Treatment is primarily surgical; however, the infiltrative nature of DFSP can
sometimes complicate resection. With only conservative excision, these tumors
frequently recur (43%) and rarely metastasize.

The generous margins provided by a wide excision reduce recurrence to approx-
imately 18%. Mohs micrographic surgery has an average recurrence rate of
0.6% [38].

The fibrosarcomatous variant of DFSP has been associated with higher rates of
recurrence (58%) and metastasis (15%) in patients that receive conservative
excision [39].
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6. However, a fibrosarcomatous variant of DFSP that is completely resected by
wide excision behaves similarly to conventional DFSP, with almost no reported
metastasis [37].

5.11 Congenital/Infantile Fibrosarcoma

Congenital/infantile fibrosarcoma is a fibroblastic neoplasm that almost always
arises in the first year of life. In fact, approximately a third of these tumors will be
present at the time of birth. Frequent sites of involvement include the superficial and
deep soft tissues of the extremities, trunk, and head and neck. These lesions can
measure up to 20 cm in greatest dimension [40, 41].

Pathology

Grossly, infantile fibrosarcoma appears as a poorly circumscribed fleshy mass that
can contain hemorrhage or necrosis. The microscopic sections show highly cellular
intersecting bundles of ovoid to spindle cells (Fig. 5.22). Substantial mitoses,
chronic inflammation, or necrosis can be present (Fig. 5.23). Varying amounts of
associated branching vessels and hyalinized fibrosis can be seen [9].

Ancillary Studies

¢ Infantile fibrosarcoma exhibits a t(12;15) chromosomal translocation which
results in the formation of an ETV6-NTRK3 fusion transcript [42].

e This fusion transcript can also be found in many other malignancies including
congenital mesoblastic nephroma, acute myeloid leukemia, secretory carcinoma
of the breast, and radiation association papillary thyroid carcinoma [43].

Fig.5.22 Infantile fibrosarcoma with intersecting bundles of spindle cells arranged in a fascicular
pattern
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Fig. 5.23 Infantile fibrosarcoma with elongated nuclei showing scattered mitoses

Differential Diagnosis

e Spindle cell rhabdomyosarcoma
 Infantile fibromatosis

Comment

e Although spindle cell rhabdomyosarcoma occurs in young patients and can dem-
onstrate a fascicular pattern, these tumors will be positive for desmin and MyoD1
immunohistochemical stains.

e Congenital/infantile fibrosarcoma is typically more organized and has higher
cellularity than fibromatosis. The finding of an ETV6-NTRK3 fusion transcript
distinguishes infantile fibrosarcoma from fibromatosis.

e Despite its intimidating appearance, infantile fibrosarcoma only occasionally
(17%) recurs and rarely metastasizes. The 5-year survival is 84% [1, 9].

e Wide local excision is the primary treatment for congenital/infantile
fibrosarcoma.

5.12 Low-Grade Fibromyxoid Sarcoma

Low-grade fibromyxoid sarcoma is a malignancy that often arises in the deep
soft tissue of the trunk and extremities. These tumors occur over a broad age range
(median age of 34 years), and pediatric patients are occasionally affected. Typically,
low-grade fibromyxoid sarcoma arises as a slowly growing mass that eventually
reaches an average size of 8—10 cm [1, 44].
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Pathology

On gross examination these tumors appear well circumscribed. Microscopically,
they are composed of bland-appearing fibroblasts embedded in variably myxoma-
tous and collagenous stroma (Figs. 5.24 and 5.25). A delicate branching capillary
network is present (Fig. 5.26) [45].

N
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Fig. 5.24 Low-grade fibromyxoid sarcoma with an alternating hyalinized and myxoid
background

Fig. 5.25 Fibroblastic cells of low-grade fibromyxoid sarcoma are deceivingly bland in
appearance
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Fig.5.26 Delicate branching network of low-grade fibromyxoid sarcoma

Ancillary Studies

* A MUC4 immunohistochemical stain is positive in low-grade fibromyxoid sar-
coma [46].

e This tumor has a unique translocation of t(7;16) that results in a FUS-CREB3L2
fusion transcript [47].

e Rare tumors will exhibit a variant t(11;16) translocation that produces a FUS-
CREB3LI fusion transcript [48].

Differential Diagnosis

* Myxofibrosarcoma
e Perineurioma
e Deep fibromatosis

Comment

e Tumor cells in myxofibrosarcoma exhibit more nuclear atypia and hyperchroma-
sia than seen in low-grade fibromyxoid sarcoma.

e The deceivingly bland appearance of the cells in low-grade fibromyxosarcoma
often causes it to be mistaken for less aggressive lesions such as deep fibromato-
sis or a perineurioma.

e The finding of a positive MUC4 stain or FUS-CREB3L?2 fusion transcipt helps
differentiate low-grade fibromyxoid sarcoma from alternative diagnoses.

e Although low-grade fibromyxoid sarcoma is clinically indolent in the short term,
recurrence and metastasis can occur decades after resection of the primary lesion.
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e In a study with long-term follow-up, 64% of patients had local recurrence and
45% of patients experienced metastasis [49].
» Standard treatment consists of wide excision and close clinical follow-up.

5.13 Myxofibrosarcoma

Myxofibrosarcoma frequently manifests in the proximal extremities of adults with a
peak incidence in the seventh decade of life [50]. These tumors are often relatively
superficial, with two thirds arising in the dermis or subcutaneous tissue [51]. Although
myxofibrosarcomas clinically have a nodular appearance, they are particularly infil-
trative in nature and generous margins are often taken to ensure complete resection.

Pathology

The tumor grossly demonstrates a mucoid appearance. Histologically, myxofibrosar-
comas contain myxoid material that surrounds a conspicuous network of curved ves-
sels and mesenchymal cells with nuclear hyperchromasia (Figs. 5.27 and 5.28).
Occasional cells can have a vacuolated cytoplasm that mimics immature fat cells. In
higher-grade tumors, the neoplastic cells are more prevalent and aggregate in a clus-
tered or sheet-like arrangement (Fig. 5.29). In the past, these high-grade myxofibro-
sarcomas have been referred to as “myxoid malignant fibrous histiocytoma” [51, 52].

Ancillary Studies

¢ Immunohistochemical stains or genetics studies are not particularly helpful in
confirming the diagnosis.

o o iR "'?-_:!m.(‘i- e i P /4.:
Rgee g N e o, B s - .~
i y p f - ;#‘,r/ L‘I-.- aL

w48 gy

3 <

e L

Fig.5.27 Myxofibrosarcoma with myxoid background and curvilinear vessels
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Fig. 5.28 Cells containing enlarged, hyperchromatic, and highly atypical nuclei in a myxofibro-
sarcoma (arrow)

Fig. 5.29 Transition to high-grade myxofibrosarcoma. The high-grade component demonstrates
sheets of anaplastic tumor cells with little to no myxoid background

Differential Diagnosis

e Low-grade fibromyxoid sarcoma
e Myxoid liposarcoma
e Intramuscular myxoma
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Comment

e Myxofibrosarcoma contains cells with nuclear atypia and hyperchromasia that
are not usually seen in myxoma, low-grade fibromyxoid sarcoma, or myxoid
liposarcoma.

e Myxofibrosarcomas frequently recur with an overall rate of recurrence
of 50-60% [12].

e The metastatic potential of these tumors is highly dependent on the histologic
grade. The overall metastatic rate of myxofibrosarcoma is 35%, but grade 1
tumors were found not to metastasize [53].

e Tumors measuring greater than 5 cm or containing less than 75% myxoid com-
ponent or necrosis, are at increased risk for disease-specific mortality [54].

e Complete surgical excision with a clear margin of at least 2 cm or an intact ana-
tomic barrier is the primary treatment for myxofibrosarcoma. If the margins are
involved or close, then adjuvant radiation therapy can be administered [12].

5.14 Adult-Type Fibrosarcoma

Several decades ago, adult-type fibrosarcoma was one of the most frequently diag-
nosed soft tissue sarcomas; however, pathologists have since recognized that other
soft tissue neoplasms can manifest a fibrosarcoma-like morphology, such as fibro-
sarcomatous variant of dermatofibrosarcoma protuberans. As classification has
become much more detailed, the diagnosis of adult fibrosarcoma has become
increasingly rare [55]. These tumors often present as a deep mass in the lower
extremities in association with the fascia or skeletal muscle. They typically occur in
older adults [56].

Pathology

Adult-type fibrosarcomas are composed of organized intersecting bundles of spin-
dle cells with nuclear hyperchromasia and some associated collagen (Fig. 5.30).
Importantly, other features of more specific variants of fibrosarcoma (e.g., myxofi-
brosarcoma, fibromyxoid sarcoma) are not present [55].

Differential Diagnosis

e Low-grade fibromyxoid sarcoma or myxofibrosarcoma

e Deep fibromatosis

e Malignant peripheral nerve sheath tumor

e Monophasic synovial sarcoma

¢ Fibrosarcomatous variant of dermatofibrosarcoma protuberans
e Undifferentiated pleomorphic sarcoma
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Fig. 5.30 Spindle cells arranged in a fascicular architecture in an adult-type fibrosarcoma

Comment

* A diagnosis of adult-type fibrosarcoma should be made only after all other pos-
sibilities have been excluded.

e Careful examination and appropriate cytogenetic studies and immunohistochem-
ical stains are needed to consider these alternatives [10].

 Fifty percent of patients die from recurrent or metastatic disease [55].

Facts to Remember

1. Nodular fasciitis is a benign lesion that can be clinically concerning due to its
initial rapid enlargement.

2. Recognition of Gardner-associated fibroma is critical as this can initiate timely
screening for familial adenomatous polyposis.

3. Although not metastatic, deep fibromatosis is a locally aggressive soft tissue
neoplasm that can infiltrate vital structures. Recurrence can occur, particularly in
patients with Gardner syndrome.

4. Solitary fibrous tumor is a fibrous neoplasm which can arise in numerous loca-
tions and can metastasize. Risk factors for metastasis include older age, size of
tumor, and mitosis.

5. Dermatofibrosarcoma protuberans is a highly infiltrative lesion that can recur
and rarely metastasize. However, wide excision with generous margins is often
curative.

6. Low-grade fibromyxoid sarcoma is a deceivingly bland appearing lesion under
the microscope, but is capable of metastasis many years after diagnosis. Close
clinical follow-up is warranted.
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Myxofibrosarcoma is a soft tissue sarcoma that usually arises in the subcutane-
ous tissue of older adults. Approximately a third of these tumors metastasize.
Adult-type fibrosarcoma is now a rare entity. Diagnosis should only be made
when other possibilities are excluded.
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Fibrohistiocytic Lesions

6.1 Fibrous Histiocytoma

Fibrous histiocytoma, otherwise referred to as dermatofibroma, typically arises as a
skin lesion in the extremities of adults between the second and fourth decades of life
[2]. These clinically present as elevated and sometimes pigmented lesions that are
usually less than 1 cm in diameter [3]. Approximately a third of affected patients
can have multiple lesions, which have been reported to sometimes occur in patients
who are immunosuppressed [4]. Rarely, benign fibrous histiocytomas can present as
deeper lesions in the subcutaneous or soft tissue that are several centimeters in size
[5]. These deep fibrous histiocytomas have been noted to occur at any age [6].

Pathology

Cutaneous fibrous histiocytomas are usually centered in the dermis and are com-
posed of haphazardly arranged cells with fibrous and histiocytic features that perco-
late between dense sclerotic collagen fibers (Figs. 6.2 and 6.3). Scattered foamy
histiocytes and multinucleated giant cells can be identified. There is typically only
limited extension into the underlying subcutaneous adipose tissue [1].

The less frequent deep fibrous histiocytomas are more circumscribed.
Microscopically, these neoplasms are typically cellular and can exhibit a more orga-
nized fascicular arrangement. Prominent branching vessels, similar to solitary
fibrous tumor, can be identified (Fig. 6.4) [6].

Histologic Variants

e Cellular fibrous histiocytoma—The cells in cellular fibrous histiocytoma show
increased cellularity with a more organized fascicular arrangement (Fig. 6.5) [7].

* Aneurysmal fibrous histiocytoma—This variant of fibrous histiocytoma has cen-
tral blood-filled spaces with associated hemosiderin deposition (Fig. 6.6) [8].
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Fig. 6.1 (a) Spindle fibrous-like cells in a fibrous histiocytoma. (b) Histiocytic-appearing cells in
a fibrous histiocytoma

Ancillary Studies

» Although neither sensitive nor specific, fibrous histiocytomas are often positive
for Factor XIlIla and lack significant staining for CD34.

Differential Diagnosis

e Dermatofibrosarcoma protuberans

e Leiomyoma
¢ Neurofibroma
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Fig. 6.3 At the periphery of this fibrous histiocytoma, the cells percolate in between dense colla-
gen fibers

Comments

1. Fibrous histiocytoma can sometimes be difficult to distinguish from dermatofi-
brosarcoma protuberans, which is a more aggressive neoplasm.

2. Dermatofibrosarcoma protuberans extensively infiltrates into the underlying
subcutaneous adipose tissue.
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Fig. 6.5 Cellular fibrous histiocytoma with fascicles of spindle cells

3. If the morphologic features are ambiguous, immunohistochemical stains for
CD34 and Factor XIIla can be helpful, as dermatofibrosarcoma protuberans is
frequently strongly positive for CD34 and negative for Factor XIIIa.

4. FISH studies can exclude dermatofibrosarcoma protuberans by confirming the
absence of the COLIA-PDGFB fusion transcript.
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Fig. 6.6 Aneurysmal fibrous histiocytoma with cells surrounding a central pool of blood

5. Fibrous histiocytoma can be confused with other dermal-based spindle cell
lesions, such as neurofibroma or leiomyoma. Fibrous histiocytoma lacks the
S100 or SOX-10 staining found in neurofibroma, or the desmin staining found in
leiomyoma.

6. Fibrous histiocytomas are benign neoplasms and are treated with conservative
surgical resection. Once excised, they rarely recur [1].

7. Cellular fibrous histiocytoma and aneurysmal fibrous histiocytoma have
increased rates (26% and 19%, respectively) of recurrence following excision
[7, 8].

8. Deep fibrous histiocytomas recur in approximately 20% of cases.

6.2 Solitary Xanthogranuloma

Solitary xanthogranuloma often occurs in children (sometimes referred to as juve-
nile xanthogranuloma) but can also be seen in adults. These most commonly present
as dermal lesions that frequently arise in the head and neck or trunk as skin papules.
In occasional cases (particularly in very young children), patients can have multiple
lesions arising on the skin and even organ involvement, such as the eye [9].

Pathology

Histologically, a solitary xanthogranuloma is composed of a dermal concentration
of cells with eosinophilic or foamy cytoplasm that extends up to the epidermis and
around associated adnexal structures (Fig. 6.7). Characteristic giant cells with
peripherally arranged nuclei (Touton giant cells) are present (Fig. 6.8). Associated
inflammatory cells can also be identified [9, 10].
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Fig. 6.7 Solitary xanthogranuloma with foamy histiocytic cells centered in the dermis

Ancillary Studies

» Although not specific, solitary xanthogranulomas are positive for CD68, a stain
that highlights histiocytes.
e They are negative for S100 and CD1a immunohistochemical stains.

Differential Diagnosis

e Langerhans cell histiocytosis
e Xanthoma
 Fibrous histiocytoma

Comments

1. Solitary xanthogranuloma can mimic other histiocytic-appearing neoplasms,
such as Langerhans cell histiocytosis, xanthoma, or fibrous histiocytoma.

2. Unlike solitary xanthogranuloma, Langerhans cell histiocytosis is positive for

S100 and CD1a immunohistochemical stains.

Xanthomas contain cells that are consistently foamy in appearance.

4. Fibrous histiocytoma typically contains less foamy cells and Touton giant cells
and usually manifests a more prominent population of spindle cells.

5. Dermal solitary xanthogranulomas are benign lesions. Excision is curative in
over 80% of cases. Lesions that are incompletely excised often regress [9].

bt
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Fig. 6.8 Touton giant cells (arrow) with peripherally arranged nuclei in a solitary
xanthogranuloma

6. The prognosis is much more concerning in patients who have systemic involve-
ment by xanthogranulomas, as young patients with organ involvement can die of
disease. These patients are often treated with chemotherapy [1, 11].

6.3  Tenosynovial Giant Cell Tumor, Localized Type

Tenosynovial giant cell tumor, localized type, otherwise known as giant cell tumor
of the tendon sheath (localized type) is a well-circumscribed benign lesion that
occurs in adults between the fourth and sixth decade of life. These lesions arise in
the hands or feet, typically close to the interphalangeal joints or synovium of the
tendon sheath [6, 12, 13].

Pathology
Grossly, these tumors are well circumscribed and lobulated. The microscopic sec-
tions show mononuclear cells with eosinophilic cytoplasm, osteoclast-like giant
cells, and foamy histiocytes (Figs. 6.9 and 6.10). Hemosiderin pigment can be iden-
tified [12].

Ancillary Studies

e The cells can stain for CD68 and desmin, but this is rarely used for diagnosis.



88 6 Fibrohistiocytic Lesions

Figs.6.9and 6.10 Multinucleated giant cells and associated mononuclear cells with eosinophilic
cytoplasm in tenosynovial giant cell tumor, localized type.

Differential Diagnosis

e Tenosynovial giant cell tumor, diffuse type
* Fibroma of tendon sheath
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Comments

e Tenosynovial giant cell tumor, localized type, is distinguished from tenosynovial
giant cell tumor, diffuse type by its well-circumscribed border and lack of infil-
tration into adjacent tissue.

* These are benign lesions. Approximately 10% will recur following excision [14].

6.4 Tenosynovial Giant Cell Tumor, Diffuse Type

Tenosynovial giant cell tumor, diffuse type, otherwise known as pigmented villon-
odular tenosynovitis (PVNS), often occurs in the articular space of the knee or hip
in patients less than 40 years old [15]. These tumors can also arise as predominantly
soft tissue masses in the wrist, knee, thigh, and foot [16]. They are more aggressive
than their localized counterpart and present with swelling and tenderness of the
affected joint [3].

Pathology

This type of giant cell tumor is not well circumscribed and often has a sheetlike or
villous architecture (Fig. 6.11). Similar to tenosynovial giant cell tumor, localized
type, the sections show mononuclear cells with eosinophilic cytoplasm and multi-
nucleated giant cells. Hemosiderin deposition, foamy histiocytes, chronic inflam-
mation, and fibrosis can also be present (Fig. 6.12).

Fig.6.11 Tenosynovial giant cell tumor, diffuse type, showing a villous-like architecture
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Fig.6.12 Mononuclear cells with hemosiderin deposition in a tenosynovial giant cell tumor, dif-
fuse type

Ancillary Studies

» Similar to tenosynovial giant cell tumor, localized type, the cells can be positive
for CD68.

Differential Diagnosis

e Undifferentiated high-grade pleomorphic sarcoma
e Synovial sarcoma
* Tenosynovial giant celltumor, localized type

Comments

1. The numerous giant cells in a tenosynovial giant cell tumor, diffuse type, can
cause concern for a high-grade sarcoma such as undifferentiated pleomorphic
sarcoma. Tenosynovial giant cell tumor typically does not contain the nuclear
atypia seen in these high-grade malignancies.

2. The intimate association of tenosynovial giant cell tumor with residual synovium
in a joint can mimic a synovial sarcoma. However, synovial sarcoma would dem-
onstrate positivity with cytokeratin or TLE-1 immunohistochemical stains.

3. Clinically, the localized type of tenosynovial giant cell tumor is more circum-
scribed and usually involves the smaller joints of the hands and feet.
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4. Tenosynovial giant cell tumor, diffuse type, can recur in 20-60% of cases.

5. The primary treatment is complete surgical excision, as incompletely resected
tumors are more likely to recur. Synovectomy is often performed for intra-
articular tumors and wide excision is typically performed for extra-articular
lesions [3, 13].

Facts to Remember

1. Fibrous histiocytoma is typically a benign cutaneous neoplasm which is com-
posed of fibrous and histiocytic cells. Cellular and aneurysmal fibrous histiocy-
toma variants have a higher incidence of recurrence.

2. Solitary xanthogranuloma is typically a benign dermal lesion which can affect
both children and adults. Patients with systemic solitary xanthogranulomas with
organ involvement have a poorer prognosis and may require systemic
chemotherapy.

3. Tenosynovial giant cell tumor, localized type, is a benign neoplasm that primar-
ily affects the tendons of the hands and feet. Only a limited number of these
neoplasms will recur.

4. Tenosynovial giant cell tumor, diffuse type, can be intra-articular or extra-
articular. Intra-articular lesions usually arise in spaces of the larger joints, such
as the knees and hips. Recurrence in these tumors is more frequent, and the focus
should be on complete excision.
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Smooth Muscle and Perivascular Tumors

Smooth muscle is present in almost any part of the body, including the gastrointes-
tinal, genitourinary, and vascular systems. Similarly, smooth muscle tumors can
also be found in almost any anatomic location. Morphologically, the neoplastic cells
of smooth muscle tumors are noted to have eosinophilic cytoplasm and elongated or
ovoid nuclei (Fig. 7.1a).

Perivascular tumors contain a modified type of myoid cell that is associated with
the vascular system. These are identified as glomus cells and can have an epithelioid
or spindled appearance (Fig. 7.1b) [1].

7.1 Glomus Tumor

Glomus tumors are neoplasms that show differentiation analogous to the glomus
body, a structure that is intimately associated with the vascular system and regulates
body temperature by altering blood flow in the distal extremities. Glomus tumors
often arise as painful lesions measuring less than 1.0 cm in greatest dimension.
They tend to occur in the distal extremities, particularly beneath the fingernail [2].
Numerous other sites of occurrence, such as the gastrointestinal tract, have been
described [3].

Pathology

Grossly, glomus tumors are well-circumscribed lesions that can be blue or red
in appearance. Microscopically, these neoplasms are composed of vascular spaces
surrounded by cells with clear to purple cytoplasm and round nuclei (Fig. 7.2).
These cells can be enlarged and have an epithelial-like appearance (Fig. 7.3) [2].

Morphologic Variants
Glomuvenous malformation (Glomangioma) — In this variant, the vascular spaces
are enlarged and have a thin rim of associated glomus cells (Fig. 7.4). These usually
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Fig. 7.1 (a) Smooth muscle cells with a spindled appearance and long, ovoid, “cigar-shaped”
nuclei. (b) Perivascular glomus cells with a more rounded and epithelioid appearance

arise in the hand or forearm of children. This entity is particularly known to arise in
patients who have a familial history of glomus tumors [4].

Glomangiomyoma - In this variant, the glomus cells demonstrate areas of spin-
dled smooth muscle differentiation (Fig. 7.5) [5].
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Fig. 7.3 High-power view of glomus tumor. The epithelioid-like cells contain vesicular and bland
nuclei

Ancillary Studies

e The cells of glomus tumors are diffusely positive for smooth muscle markers
such as h-caldesmon, muscle-specific actin, and smooth muscle actin.
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Fig. 7.4 In this glomuvenous malformation, the vascular spaces are more dilated and have a thin-
ner rim of glomus cells

Fig.7.5 The glomus cells in this glomangiomyoma begin to take on features more similar to the
cigar-shaped nuclei of smooth muscle cells (arrow)

Differential Diagnosis

e Adnexal tumors (e.g., hidradenoma)
e Melanocytic nevi [6]
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Comment

1. Positive staining for smooth muscle markers differentiates glomus tumors from
adnexal and melanocytic neoplasms.

2. Glomus tumors are usually benign lesions and are treated with simple excision.
Following surgery, approximately 11% recur [7].

3. Glomus tumors can behave more aggressively. Malignant glomus tumors are
defined as lesions with cells containing nuclei with moderate to severe atypia and
having over five mitosis per 50 high power fields (hpf). Alternatively, a designa-
tion of malignant can be given if a glomus neoplasm has atypical mitotic figures.
Malignant tumors have a metastatic rate of 38% [8].

4. Glomus tumors of uncertain malignant potential are lesions which contain over
five mitosis per 50 hpf without nuclear atypia or lesions that are deeply situated
and measure over 2 cm. Since they rarely metastasize, patients should be closely
monitored following excision [6].

7.2 Cutaneous Leiomyoma

Cutaneous leiomyomas are benign neoplasms of smooth muscle that either arise
from the smooth muscle cells of the pilar arrector muscles (pilar leiomyoma) or
from the smooth muscle cells in the genital region or nipple area (genital leiomy-
oma) [9].

Clinically, pilar leiomyomas manifest as skin papules in adolescents that mea-
sure less than 2 cm and are painful when exposed to low temperatures [6, 10].
Patients who have multiple cutaneous leiomyomas may have hereditary leiomyo-
matosis and renal cell cancer syndrome (HLRCC), which is associated with a germ-
line mutation in the fumarate hydratase gene. Consequently, these patients should
be referred for appropriate testing and screening for renal tumors [11].

Genital leiomyomas can arise in the vulva, scrotum, nipple, and perianal areas.
These are often deeper and more nodular than their pilar counterpart [9].

Pathology

Microscopically, pilar leiomyomas are composed of spindle cells with “cigar-
shaped” nuclei that are haphazardly arranged and infiltrate the surrounding dermis
(Fig. 7.6a, b). Genital leiomyomas contain a similar smooth muscle cell prolifera-
tion but are usually more circumscribed (Fig. 7.7).

Ancillary Studies

e Leiomyomas are positive for desmin and smooth muscle markers such as smooth
muscle actin and caldesmon.
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Fig. 7.6 (a) Pilar leiomyoma extending outward from the adnexal structures of the skin. (b) Pilar
leiomyoma with small fascicles of smooth muscle with associated fibrotic tissue

Differential Diagnosis

* Leiomyosarcoma
* Atypical intradermal smooth muscle neoplasm

Comments

1. When encountering smooth muscle tumors in the skin or subcutaneous tissue, a
pathologist should exclude the possibility of a leiomyosarcoma, which has meta-
static potential.
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Fig. 7.7 Well-circumscribed genital leiomyoma arising from the dartos muscle in the scrotum

2. Cutaneous leiomyoma lacks the cellular atypia and substantial mitoses of leio-
myosarcoma or atypical intradermal smooth muscle neoplasm. Furthermore,
these are usually limited to the dermis [12].

3. Cutaneous leiomyomas are benign and simple excision is the general approach
to treatment.

4. Patients with multiple lesions are sometimes treated with laser therapy, given
that multiple excisions are not possible [6].

5. Patients with multiple cutaneous leiomyomas should be assessed for a mutation
in the fumarate hydratase gene, which is associated with hereditary leiomyoma-
tosis and renal cell cancer syndrome.

7.3 Deep Leiomyoma

Leiomyomas arising in the deep soft tissue are rare and are divided into two separate
categories. Leiomyomas arising deep in the upper and lower extremities (of both
males and females) are extraordinarily rare and are designated somatic leiomyomas.
Leiomyomas arising in the abdominal cavity or retroperitoneum of females (sepa-
rate from the uterus) are termed gynecologic leiomyomas [13].

Pathology

Microscopically, somatic leiomyomas (such as those arising in the extremities) con-
tain spindle cells that are organized in bundles. Sometimes calcifications can be
seen in these tumors (Fig. 7.8). Importantly, substantial nuclear atypia is not identi-
fied, and less than one mitosis is found in 50 hpf examined.
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Fig. 7.8 Deep leiomyoma of the extremity showing unremarkable smooth muscle cells and focal
calcification

Fig. 7.9 Gynecologic leiomyoma in the pelvis of a female. Substantial areas of fibrosis are present
Gynecologic leiomyomas are usually more cellular and often contain areas of

hyalinized fibrosis (Fig. 7.9). Significant atypia or mitotic activity (more than five

mitosis per 50 hpf) are not identified [6, 13].

Ancillary Studies

e Similar to other smooth muscle tumors, deep leiomyomas are positive for des-
min, smooth muscle actin, and caldesmon.
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Differential Diagnosis

e Well-differentiated leiomyosarcoma

Comment

1. Deep leiomyomas are extraordinarily rare neoplasms and should be diagnosed
with caution.

2. Extensive sampling is critical for assessing for the mitoses and atypia seen in
leiomyosarcoma [13, 14].

3. Tumors that lack atypia or necrosis but have an increased mitotic rate are desig-
nated as smooth muscle tumors of uncertain malignant potential.

4. Somatic leiomyomas of the extremity generally do not recur. Gynecologic leio-
myomas of the retroperitoneum very rarely (less than 2%) recur [13].

5. Treatment generally consists of surgical excision and long-term follow-up [15].

7.4 Cutaneous Leiomyosarcoma

Cutaneous leiomyosarcomas often arise in the dermis of the trunk, extremities, or
scalp in the fifth to seventh decades of life [16, 17]. Typically, they measure less
than 2 cm in greatest dimension and emanate from the arrector pili or the dartoric
smooth muscle [6].

Pathology

Microscopically, the sections of the tumor show spindle cells with ovoid nuclei that
display nuclear atypia and mitoses (Fig. 7.10). Cutaneous leiomyosarcomas origi-
nate in the dermis and infiltrate into the underlying subcutaneous tissue (Fig. 7.11).

Ancillary Studies

e These smooth muscle tumors are positive for desmin, h-caldesmon, and smooth
muscle actin.

Differential Diagnosis

e Cutaneous leiomyoma

e Angioleiomyoma
e Metastatic leiomyosarcoma



102 7 Smooth Muscle and Perivascular Tumors

Fig. 7.10 Cutaneous leiomyosarcoma with vaguely ovoid nuclei exhibiting atypia and mitoses
(arrow)

Fig. 7.11 Cutaneous leiomyosarcoma infiltrating into the underlying subcutaneous adipose tissue

Comment

1. Cutaneous leiomyosarcomas that are confined to the dermis have an excellent
prognosis without risk of metastasis. Consequently, these are often now desig-
nated as atypical intradermal smooth muscle neoplasms [12].
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2. Leiomyosarcomas from another site can metastasize to the skin; however, these
metastatic foci are more circumscribed than a primary leiomyosarcoma. Patients
with multiple skin tumors should be assessed for an undiscovered deeper leio-
myosarcoma in the retroperitoneum or extremities.

3. Approximately 30-40% of cutaneous leiomyosarcomas with subcutaneous
involvement will metastasize [17, 22].

4. These tumors are treated with wide excision [6].

7.5 Deep Leiomyosarcoma

Although leiomyosarcoma is often associated with the uterus, it can also occur in
the deep soft tissue [18]. Similar to leiomyomas, leiomyosarcomas can arise in the
extremities or trunk (somatic leiomyosarcomas) or retroperitoneum. Approximately
50-75% of leiomyosarcomas arise in the retroperitoneum. Occurrences in the deep
soft tissue are less frequent [6, 19]. Once discovered, retroperitoneal leiomyosarco-
mas are quite large (over 10 cm) and involve adjacent organs. Somatic leiomyosar-
comas tend to be smaller in size (median size of 4.0 cm) [20].

Pathology

Depending on the degree of tumor differentiation, leiomyosarcomas show varying
residual features of smooth muscle differentiation. This includes bundles of inter-
secting atypical spindle cells with eosinophilic cytoplasm (Fig. 7.12). In poorly
differentiated tumors, there can be highly irregular nuclei and bizarre giant cells
(Fig. 7.13). Numerous and atypical mitoses are also seen (Fig. 7.14).

Fig.7.12 Intersecting bundles of spindle cells in a leiomyosarcoma
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Fig. 7.13 Poorly differentiated leiomyosarcoma in which the cells have bizarre nuclei and have
partially lost their spindled appearance

Fig. 7.14 Numerous and atypical mitoses

Ancillary Studies

* Leiomyosarcomas are positive for desmin, smooth muscle actin and h-caldesmon.
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Differential Diagnosis

e Cellular schwannoma

e Gastrointestinal stromal tumor

e Leiomyoma

e Undifferentiated high-grade pleomorphic sarcoma

Comment

1. Leiomyosarcoma must be distinguished from other spindle cell neoplasms that
can occur in the affected site. Common considerations include leiomyoma, gas-
trointestinal stromal tumor, cellular schwannoma, and undifferentiated high-
grade pleomorphic sarcoma.

2. Unlike leiomyosarcoma, gastrointestinal stromal tumor and cellular schwan-
noma are positive for CDI117 and S100 immunohistochemical stains,
respectively.

3. Leiomyosarcoma has more atypia, necrosis, or mitoses than seen in
leiomyoma.

4. Retroperitoneal leiomyosarcomas are highly aggressive tumors that can metasta-
size and have poor survival. Chances of survival can be improved with more
aggressive resection and adjuvant therapies [6, 21].

5. Approximately 34% of somatic leiomyosarcomas metastasize. Somatic leio-
myosarcoma has a 5-year and 10-year overall survival rate of 69% and 49%,
respectively [20, 23].

6. Treatment for retroperitoneal and somatic leiomyosarcoma includes complete
surgical resection and radiation therapy. Chemotherapy is typically administered
for metastatic disease [20, 24-25].

Facts to Remember

1. Glomus tumors are painful lesions that arise in the distal extremities and are usu-
ally benign.

2. Cutaneous leiomyomas are benign dermal smooth muscle neoplasms that lack
significant atypia or mitoses.

3. Deep leiomyomas are benign smooth muscle tumors that can arise in the retro-
peritoneum (gynecologic) or extremities (somatic). They do not have any atypi-
cal features or necrosis, and mitosis is rare.

4. Although superficially located, cutaneous leiomyosarcomas are malignant soft
tissue tumors that have substantial metastatic potential. These tumors originate
from the dermis and invade the underlying subcutaneous tissue.

5. Deep leiomyosarcomas frequently arise as large masses in the retroperitoneum.
Approximately a third metastasize and the prognosis is grave.



106 7 Smooth Muscle and Perivascular Tumors

References

1. Fletcher CDM, Bridge JA, Hogendoorn PC, Mertens F, editors. Pathology and genetics of
tumours of soft tissue and bone. 4th ed. Lyon: World Health Organization; 2013.

2. Chung EB, Enzinger FM. Infantile myofibromatosis. Cancer. 1981;48(8):1807-18.

3. Daimaru Y, Hashimoto H, Enjoji M. Myofibromatosis in adults (adult counterpart of infantile
myofibromatosis). Am J Surg Pathol. 1989;13(10):859-65.

4. Hornick JL, editor. Practical soft tissue pathology: a diagnostic approach. Philadelphia:
Saunders; 2013.

5. Azzam R, Abboud M, Muwakkit S, Khoury N, Saab R. First-line therapy of generalized
infantile myofibromatosis with low-dose vinblastine and methotrexate. Pediatr Blood Cancer.
2009;52(2):308.

6. Chou T, Pan SC, Shieh SJ, Lee JW, Chiu HY, Ho CL. Glomus tumor: twenty-year experience
and literature review. Ann Plast Surg. 2016;76(Suppl 1):S35-40.

7. Miettinen M, Paal E, Lasota J, Sobin LH. Gastrointestinal glomus tumors: a clinicopatho-
logic, immunohistochemical, and molecular genetic study of 32 cases. Am J Surg Pathol.
2002;26(3):301-11.

8. Pulitzer DR, Martin PC, Reed RJ. Epithelioid glomus tumor. Hum Pathol. 1995;26(9):1022-7.

9. Boon LM, Mulliken JB, Enjolras O, Vikkula M. Glomuvenous malformation (glomangioma)
and venous malformation: distinct clinicopathologic and genetic entities. Arch Dermatol.
2004;140(8):971-6.

10. Yang JS, Ko JW, Suh KS, Kim ST. Congenital multiple plaque-like glomangiomyoma. Am
J Dermatopathol. 1999;21(5):454-7.

11. Goldblum J, Weiss S, Folpe AL, editors. Enzinger and Weiss’s soft tissue tumors. 6th ed.
Philadelphia: Elsevier; 2013.

12. Tsuneyoshi M, Enjoji M. Glomus tumor: a clinicopathologic and electron microscopic study.
Cancer. 1982;50(8):1601-7.

13. Folpe AL, Fanburg-Smith JC, Miettinen M, Weiss SW. Atypical and malignant glomus tumors:
analysis of 52 cases, with a proposal for the reclassification of glomus tumors. Am J Surg
Pathol. 2001;25(1):1-12.

14. Yokoyama R, Hashimoto H, Daimaru Y, Enjoji M. Superficial leiomyomas. A clinicopatho-
logic study of 34 cases. Acta Pathol Jpn. 1987;37(9):1415-22.

15. Archer CB, Whittaker S, Greaves MW. Pharmacological modulation of cold-induced pain in
cutaneous leiomyomata. Br J Dermatol. 1988;118(2):255-60.

16. Kiuru M, Launonen V. Hereditary leiomyomatosis and renal cell cancer (HLRCC). Curr Mol
Med. 2004;4(8):869-75.

17. Kraft S, Fletcher CD. Atypical intradermal smooth muscle neoplasms: clinicopathologic
analysis of 84 cases and a reappraisal of cutaneous “leiomyosarcoma”. Am J Surg Pathol.
2011;35(4):599-607.

18. Billings SD, Folpe AL, Weiss SW. Do leiomyomas of deep soft tissue exist? An analysis of
highly differentiated smooth muscle tumors of deep soft tissue supporting two distinct sub-
types. Am J Surg Pathol. 2001;25(9):1134—42.

19. Paal E, Miettinen M. Retroperitoneal leiomyomas: a clinicopathologic and immunohisto-
chemical study of 56 cases with a comparison to retroperitoneal leiomyosarcomas. Am J Surg
Pathol. 2001;25(11):1355-63.

20. Hornick JL, editor. Practical soft tissue pathology: a diagnostic approach. 1st ed. Philadelphia:
Saunders; 2013.

21. Kaddu S, Beham A, Cerroni L, Humer-Fuchs U, Salmhofer W, Kerl H, et al. Cutaneous leio-
myosarcoma. Am J Surg Pathol. 1997;21(9):979-87.

22. Jensen ML, Jensen OM, Michalski W, Nielsen OS, Keller J. Intradermal and subcutaneous
leiomyosarcoma: a clinicopathological and immunohistochemical study of 41 cases. J Cutan
Pathol. 1996;23(5):458-63.



References 107

23. Gustafson P, Willen H, Baldetorp B, Ferno M, Akerman M, Rydholm A. Soft tissue leiomyo-
sarcoma. A population-based epidemiologic and prognostic study of 48 patients, including
cellular DNA content. Cancer. 1992;70(1):114-9.

24. Svarvar C, Bohling T, Berlin O, Gustafson P, Folleras G, Bjerkehagen B, et al. Clinical course
of nonvisceral soft tissue leiomyosarcoma in 225 patients from the Scandinavian sarcoma
group. Cancer. 2007;109(2):282-91.

25. Shmookler BM, Lauer DH. Retroperitoneal leiomyosarcoma. A clinicopathologic analysis of
36 cases. Am J Surg Pathol. 1983;7(3):269-80.



Skeletal Muscle Tumors

Histologically, skeletal muscle cells are distinguished by eosinophilic cytoplasm
containing light and dark striations that correspond to the alternating arrangement of
thin and thick myofilaments (Fig. 8.1). These cells can be seen in varying degrees in
soft tissue tumors with skeletal muscle differentiation. However, in tumors that are
poorly differentiated, rhabdomyoblastic differentiation must sometimes be confirmed
by immunohistochemical stains for skeletal muscle markers (e.g., myogenin) [1].

8.1 Rhabdomyoma

Rhabdomyomas are rare and benign neoplasms of skeletal muscle differentiation.
These are divided into cardiac, adult, fetal, and genital types. Cardiac rhabdomyo-
mas typically arise as single or multiple tumors in the right or left heart ventricles
and are often associated with tuberous sclerosis. Patients can present with symp-
toms of arrhythmia or cardiac dysfunction [2, 3]. Adult rhabdomyomas arise as
slow-growing lesions in the head and neck in adults after the fifth decade of life.
Patients can present with problems swallowing or experience vocal cord dysfunc-
tion [4—6]. Fetal rhabdomyomas predominantly occur in the head and neck in chil-
dren and have been reported in patients with nevoid basal cell carcinoma syndrome
[7, 8]. Genital rhabdomyoma usually arises as a slowly growing polypoid mass in
the vagina or vulva in middle-aged women (average age of 45 years) [9].

Pathology

The histologic appearance of rhabdomyomas depends on the subtype. Cardiac rhab-
domyomas contain sheets of polygonal cells that are highly vacuolated, otherwise
known as “spider cells” (Fig. 8.2). Adult rhabdomyomas show polygonal cells with
eosinophilic and granular cytoplasm. Scattered vacuolated cells can also be seen.
Fetal rhabdomyomas demonstrate spindle cells with thin and elongated nuclei
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Fig. 8.2 Cardiac rhabdomyoma with “spider cells”

(Figs. 8.3 and 8.4). Depending on the morphologic maturity of the tumor, these
tumor cells may contain cytoplasmic cross striations. Genital rhabdomyomas dem-
onstrate an aggregate of muscle cells with scattered cross striations (Fig. 8.5) [6].

Ancillary Studies

* Consistent with their myogenic nature, rhabdomyomas stain with desmin.
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Fig. 8.4 Fetal rhabdomyoma with spindle cells with very focal cross striations (arrow). These
cells can sometimes be difficult to distinguish from a rhabdomyosarcoma

Differential Diagnosis

e Hibernoma
¢ Embryonal rhabdomyosarcoma
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Fig

.8.5 Genital rhabdomyoma with skeletal muscle cells containing cross striations

Comment

. While hibernomas can have cells with eosinophilic cytoplasm, they usually con-

tain scattered adipocytes that indicate their lipogenic differentiation. Unlike
rhabdomyomas, hibernomas are negative for muscle markers such as desmin.

. Rhabdomyomas with particularly immature cells, such as fetal rhabdomyoma,

can be difficult to discern from embryonal rhabdomyosarcoma.
Embryonal rhabdomyosarcoma is typically more infiltrative and has increased
mitosis and necrosis compared to a rhabdomyoma [6].

. Adult rhabdomyomas are treated by simple excision. Up to 40% of lesions can

recur, but these are typically treated with re-excision [4].

. Given that cardiac thabdomyomas often spontaneously regress, surgical exci-

sion is only performed in patients who are experiencing arrhythmias or hemody-
namic compromise.

. Patients who are diagnosed with cardiac rhabdomyoma should be assessed for

tuberous sclerosis [6, 10].

. Fetal rhabdomyomas are typically cured by simple excision. Less than 10% recur [7].

8.2 Embryonal Rhabdomyosarcoma

Embryonal rhabdomyosarcoma is a malignant soft tissue sarcoma of skeletal mus-
cle differentiation that predominantly occurs in young children, often under 10 years

of

age [11]. Frequent sites of occurrence include the head and neck and hollow

organs, such as the nasopharynx, bladder, and vagina [6, 12].
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Fig. 8.6 Embryonal rhabdomyosarcoma with highly immature tumor cells with limited
cytoplasm

Pathology

Grossly these tumors have a white and friable appearance [9]. Microscopically, they
are composed of highly immature cells in a variably myxoid background (Fig. 8.6).
The neoplastic cells have scant cytoplasm, and only occasionally contain skeletal
muscle type striations, otherwise known as rhabdomyoblasts (Fig. 8.7). These rhab-
domyoblasts are increased in tumors that have been previously treated with chemo-
therapy (Fig. 8.8) [13]. In the botryoid variant of embryonal rhabdomyosarcoma,
the tumor cells approach but do not overrun the overlying squamous or urothelial
mucosa (Fig. 8.9).

Ancillary Studies

e The tumor cells are positive for desmin, consistent with their myogenic nature.
e Additionally, the neoplastic cells show nuclear expression of myogenin and
MyoDl1.

Differential Diagnosis

e Alveolar rhabdomyosarcoma

¢ Ewing sarcoma

e Pleomorphic rhabdomyosarcoma
¢ Fetal rhabdomyoma
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PR

Fig.8.7 Rare rhabdomyoblast demonstrating eosinophilic cytoplasm and cross striations (arrow)
in an embryonal rhabdomyosarcoma

Fig. 8.8 Rhabdomyosarcoma previously treated with chemotherapy showing multiple
rhabdomyoblasts

Comment

e Embryonal rhabdomyosarcoma lacks the characteristic translocations involving
the EWSRI gene or FOXO1I gene seen in Ewing sarcoma or alveolar rhabdomyo-
sarcoma, respectively.
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e ei=

Fig. 8.9 The tumor cells in this botryoid variant of embryonal rhabdomyosarcoma condense
around the adjacent urothelium

e Although embryonal rhabdomyosarcoma can exhibit focal areas of pleomor-
phism, pleomorphic rhabdomyosarcoma is diffusely anaplastic and typically
arises in the extremities of adults.

e Although fetal rhabdomyoma can have immature cells, these tumors lack the
mitosis and necrosis seen in embryonal rhabdomyosarcoma.

* Botryoid rhabdomyosarcoma has an overall 5-year survival rate of approxi-
mately 95% [14].

* Non-botryoid embryonal rhabdomyosarcoma has an overall 5-year survival rate
of approximately 67% [14].

e Treatment consists of a combination of chemotherapy and surgical resection.
Radiation therapy can be used in cases of nodal metastasis, positive margins, or
poor response to chemotherapy [6].

8.3  Alveolar Rhabdomyosarcoma

Alveolar rhabdomyosarcoma is a malignant soft tissue tumor that frequently arises
during the second and third decades of life. Common sites of involvement include
the extremities, head, neck, and trunk [14].

Pathology

Histologically, alveolar rhabdomyosarcoma shows highly immature tumor cells
with very little cytoplasm that are partitioned by fibrous septae (Fig. 8.10). Although
tumor cells adhere to these fibrous bands, the more centrally located neoplastic cells
drop out and give the tumor an “alveolar” appearance similar to lung parenchyma
(Figs. 8.11 and 8.12). Scattered neoplastic giant cells can also be seen (Fig. 8.13).
Only rare if any rhabdomyoblasts can be identified (Fig. 8.14) [15].
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Fig. 8.10 Alveolar rhabdomyosarcoma showing poorly differentiated tumor cells partitioned by
fibrous septa
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Fig.8.11 The tumor cells in this alveolar rhabdomyosarcoma are adherent to the fibrous septa

Ancillary Studies

¢ Alveolar rhabdomyosarcomas are positive for desmin, myogenin, and MyoD1
immunohistochemical stains.

e Approximately 60% of alveolar rhabdomyosarcomas manifest a t(2;13) translo-
cation that results in a PAX3-FOXO0IA fusion transcript.

e Approximately 20% of alveolar rhabdomyosarcomas demonstrate a t(1;13)
translocation that results in a PAX7-FOXO0IA fusion transcript [16].
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Fig. 8.12 Central dropout of tumor cells (arrows) among the fibrous septa creates an “alveolar”-
like appearance in the tumor

Fig. 8.13 Scattered neoplastic giant cells (arrow) are often present in an alveolar
rhabdomyosarcoma

Differential Diagnosis

e Ewing sarcoma
¢ Desmoplastic round cell tumor
¢ Embryonal rhabdomyosarcoma
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Fig. 8.14 Scattered rhabdomyoblasts are rarely found in alveolar rhabdomyosarcoma

Comment

e Alveolar rhabdomyosarcoma can be difficult to distinguish from other poorly
differentiated round cell tumors such as Ewing sarcoma or desmoplastic round
cell tumor.

e Ewing sarcoma and desmoplastic round cell tumor characteristically manifest
mutations involving the EWSRI gene.

e Although alveolar rhabdomyosarcoma and embryonal rhabdomyosarcoma can have
the same immunohistochemical staining pattern, alveolar rhabdomyosarcoma can be
diagnosed by detection of the PAX3-FOX01A or PAX7-FOX0IA fusion transcripts.

e The distinction of alveolar rhabdomyosarcoma from embryonal rhabdomyosar-
coma is relevant as alveolar rhabdomyosarcoma has a poorer survival (5-year
survival of 54%) [14].

e The prognosis is better in alveolar rhabdomyosarcomas with a PAX7-FOX01A
fusion transcript than a PAX3-FOX0IA fusion transcript [17].

¢ Frequent sites of metastasis include the lung and lymph nodes.

e Treatment usually includes chemotherapy and radiation therapy. Second-line che-
motherapy is administered for tumors that do not respond to initial treatment [9].

8.4 Pleomorphic Rhabdomyosarcoma

Pleomorphic rhabdomyosarcoma is a malignant soft tissue neoplasm that arises later
than other rhabdomyosarcomas, typically after the fourth decade of life. These most
commonly arise in the deep extremities, such as the thigh, but can arise in other sites.
When diagnosed, these tumors are usually greater than 10 cm in size [6, 18].
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Fig. 8.15 Pleomorphic rhabdomyosarcoma with highly atypical tumor cells

Pathology

In contrast to embryonal and alveolar rhabdomyosarcomas which are predomi-
nantly composed of immature cells with scant cytoplasm, pleomorphic rhabdomyo-
sarcomas are composed of cells with abundant eosinophilic cytoplasm and bizarre
nuclei (Fig. 8.15).

Ancillary Studies

e The tumor cells are positive for desmin, myogenin, and MyoD1 (Fig. 8.16).

Differential Diagnosis

e Embryonal or alveolar rhabdomyosarcoma
e Undifferentiated pleomorphic sarcoma
e Pleomorphic leiomyosarcoma

Comment

* Embryonal and alveolar rhabdomyosarcoma can focally have pleomorphic areas,
but these are limited to only a portion of the tumor. Also, pleomorphic rhabdo-
myosarcoma usually occurs in older adults.

e Pleomorphic rhabdomyosarcomas can look similar to other pleomorphic sarcomas,
such as undifferentiated pleomorphic sarcoma or pleomorphic leiomyosarcoma.
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Fig.8.16 The tumor cells in this pleomorphic rhabdomyosarcoma are positive for MyoD1, con-
sistent with skeletal muscle differentiation

By definition, these other tumors lack the morphologic or immunohistochemical
features of skeletal muscle differentiation.

e Pleomorphic rhabdomyosarcoma is a highly aggressive tumor. The majority will
metastasize and the median survival is approximately 20 months [6, 15].

e Treatment usually consists of wide excision and adjuvant radiation therapy [9].

Facts to Remember

1. Rhabdomyomas are rare soft tissue tumors that manifest skeletal muscle differ-
entiation. Different subtypes of rhabdomyomas have specific clinical and mor-
phologic features.

2. Embryonal rhabdomyosarcoma often arises in infants and children in the head
and neck and genitourinary area. The botryoid variant of rhabdomyosarcoma has
a particularly good prognosis.

3. Alveolar rhabdomyosarcoma occurs in young adults, frequently in the extremities.
This type of rhabdomyosarcoma is more aggressive than embryonal rhabdomyo-
sarcoma and contains either PAX3-FOX0IA or PAX7-FOXO0IA fusion transcripts.

4. Pleomorphic rhabdomyosarcomas arise in older adults and contain bizarre tumor
cells. These tumors are highly aggressive and carry a poor prognosis.
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Neural and Nerve Sheath Lesions

Peripheral nerves are composed of axons that are supported and insulated by a
myelin substance produced by surrounding Schwann cells. These axons are further
organized into bundles that are supported and surrounded by connective tissue and
covered by perineurium. In neural and nerve sheath neoplasms, one or a combina-
tion of these anatomic structures proliferate to form a soft tissue mass.

9.1 Schwannoma

Schwannomas arise from the myelin-producing Schwann cells that surround the
nerve and often occur in adults between 20 and 50 years of age. Frequent sites of
involvement include the head and neck or flexor surfaces of the extremities [1].
Although benign, these tumors can cause clinical concern when they arise in the
deep portions in the extremities, retroperitoneum, or posterior mediastinum [2].
Although schwannomas can be suspected on radiologic examination, needle core
biopsies are often performed to exclude other malignant neoplasms, such as malig-
nant peripheral nerve sheath tumor.

Pathology

Microscopically, schwannomas show spindle cells with dense homogenous eosino-
philic cytoplasm (Antoni A areas) admixed with less cellular areas of cells inter-
mixed with looser background collagen (Antoni B areas) (Figs. 9.1 and 9.2).
Sometimes, the nuclei of the spindle cells can form parallel arrangements, termed
Verocay bodies (Fig. 9.3).

Schwannomas can vary in appearance. A cellular schwannoma is predominantly
composed of dense Antoni A areas. A schwannoma with degenerative changes
(ancient schwannoma) can show perivascular hyalinization (Fig. 9.4) or cells with
degenerative atypia (Fig. 9.5).
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Fig. 9.2 Hypocellular Antoni B area of a schwannoma. The cells have nuclei that are less plump
and the background stroma has a vaguely myxoid appearance

Ancillary Studies

e The spindle cells of a schwannoma are diffusely positive for S100 and SOX-10
immunohistochemical stains.
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Fig. 9.3 In this Verocay body found in a schwannoma, the nuclei are arranged in a parallel
formation

Fig. 9.4 Perivascular hyalinization in a schwannoma with degenerative changes

Differential Diagnosis

e Malignant peripheral nerve sheath tumor
e Neurofibroma
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Fig. 9.5 Focal nuclear atypia (arrow) in a schwannoma with degenerative changes

Co

mments

Schwannomas that lack less cellular areas can sometimes be confused for a
malignant peripheral nerve sheath tumor.

. Although a portion of malignant peripheral nerve sheath tumors can stain for

S100, the staining is typically weak or focal in nature.

. The less cellular areas of a schwannoma can sometimes mimic a neurofibroma.

However, neurofibromas are composed of multiple nerve elements, including peri-
neurial cells, fibroblasts, and axons that can be detected by immunohistochemistry.

. Schwannomas can rarely arise as multiple lesions in certain syndromes, such as

schwannomatosis or neurofibromatosis type 2. Patients with multiple schwan-
nomas should be assessed for these conditions [3, 4].

. Schwannomas are benign and only rarely recur after conservative excision [5].

9.2 Neurofibroma

Neurofibroma is a benign nerve tumor that frequently arises in the skin as a painless
circumscribed nodule. It can also manifest as a large mass in association with larger
nerves in deeper sites such as the abdomen [6]. Multiple and large neurofibromas
occur in patients with neurofibromatosis type 1 (NF1) or neurofibromatosis type 2
(NF2). Additional findings of NF1 include café-au-lait spots of the skin, Lisch nod-

ule

s, and optic gliomas. Additional features of NF2 include bilateral vestibular

schwannomas, meningiomas, and gliomas [7].
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Figs. 9.6 and 9.7 Neurofibroma with disorganized collagen and wavy nuclei. Some refer to the
haphazard collagen arrangement as a “shredded carrot” appearance

Pathology

These tumors contain a mixture of perineurial cells, fibroblasts, and Schwann cells.
Microscopically, the sections show a haphazard arrangement of spindle cells with
wavy nuclei and disorganized collagen fibers (Figs. 9.6 and 9.7). These tumors can
be well circumscribed (Fig. 9.8), plexiform (Fig. 9.9), or diffusely infiltrative into
surrounding soft tissue (Figs. 9.10 and 9.11) [7].
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Fig. 9.9 Plexiform neurofibroma with multiple well-circumscribed bundles of tumor cells push-
ing through the surrounding soft tissue

Ancillary Studies

e The Schwann cells in neurofibroma are positive for S100. Additionally, an EMA
stain highlights scattered perineurial cells and a neurofilament stain identifies
scattered axons.
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Figs. 9.10 and 9.11 Diffuse neurofibroma with extensive infiltration into the adjacent adipose
tissue

Differential Diagnosis

e Malignant peripheral nerve sheath tumor
e Schwannoma
e Perineurioma
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Comment

1. Because neurofibromas are composed of multiple cell types, these can be con-
fused for other nerve sheath tumors, such as schwannoma, perineurioma, or
malignant peripheral nerve sheath tumor.

2. Malignant peripheral nerve sheath tumor can sometimes arise from a neurofi-
broma, but the sections show more nuclear atypia, mitosis, and organized
arrangement of spindle cells.

3. Schwannomas contain a more homogenous population of Schwann cells with
associated hyalinized fibrosis.

4. Perineuriomas contain a more homogenous population of cells that are positive
for EMA but negative for S100.

5. Neurofibromas with a plexiform architecture are highly suspicious for neurofi-
bromatosis and should trigger appropriate clinical evaluation [7].

6. Timely diagnosis of NF1 can initiate appropriate clinical screening for malignant
peripheral nerve sheath tumor, which often arises in patients with this syndrome [8].

7. Neurofibromas are usually benign and can be cured with simple excision.
However, deeply situated neurofibromas in patients with NF1 occasionally trans-
form to a much more aggressive malignant peripheral nerve sheath tumor and
should be appropriately managed [5].

9.3 Perineurioma

Perineuriomas are neoplasms composed of the connective tissue cells that surround
nerve bundles. These can occur in the gastrointestinal tract and subcutaneous or soft
tissue. [9] Perineuriomas occurring in the soft tissue can be found in the extremities,
trunk, or retroperitoneum, among other sites. These lesions average approximately
4.0 cm in size [10].

Pathology

Perineuriomas are typically well-circumscribed lesions that contain spindle cells
with slender and wavy nuclei (Fig. 9.12). The background stroma can be myxoid or
collagenous in nature (Fig. 9.13). Often the cells will have long cytoplasmic exten-
sions or a vague whorling (storiform) pattern (Fig. 9.14).

Ancillary Studies

e Perineural cells often demonstrate focal or weak staining with EMA (Fig. 9.15).

Differential Diagnosis

e Low-grade fibromyxoid sarcoma
* Solitary fibrous tumor
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Fig.9.13 Perineurioma with extensive background fibrosis

Comment

e With its fibrotic background, perineurioma can mimic other fibrosing tumors
such as low-grade fibromyxoid sarcoma or solitary fibrous tumor.

e Unlike perineurioma, low-grade fibromyxoid sarcoma is positive for a MUC4
immunohistochemical stain.
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Fig. 9.15 Positive EMA staining in a perineurioma highlights the elongated cytoplasmic pro-
cesses of the cells

e A negative STAT6 immunohistochemical stain helps differentiate solitary fibrous
tumor from perineurioma.

e Soft tissue perineuriomas are benign and rarely (less than 3%) recur following
conservative excision [9, 10].
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94 Granular Cell Tumor

Granular cell tumor is a neoplasm of neural differentiation that can arise in the skin
or gastrointestinal tract (particularly the esophagus). They frequently present in the
second to sixth decades of life, with the fourth decade being the most common
period of occurence [11].

Pathology

At low power, granular cell tumor has an infiltrative appearance (Fig. 9.16). True to
the name, the cytoplasm of the tumor cells has an eosinophilic and granular appear-
ance (Fig. 9.17). In the skin and esophagus, these neoplasms are often associated
with changes in the overlying epidermis (pseudoepitheliomatous hyperplasia) that
can be mistaken for squamous cell carcinoma (Fig. 9.18) [12].

Ancillary Studies

e The cells in granular cell tumor are commonly positive for S100, CD68, inhibin,
and calretinin immunohistochemical stains [13].

Differential Diagnosis

e Hibernoma
e Rhabdomyoma

Fig.9.16 Granular cell tumor in the skin infiltrating the dermal collagen fibers
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Fig.9.18 Granular cell tumor with reactive changes in the overlying skin epithelium (pseudoepi-
theliomatous hyperplasia)

Comments

1. Granular cell tumors can appear similar to other neoplasms with eosinophilic
cytoplasm, such as hibernoma or rhabdomyoma.

2. Unlike rhabdomyomas, granular cell tumors are positive for S100 and are nega-
tive for desmin.
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3. Hibernomas usually contain admixed adipocytes that distinguish them from
granular cell tumor.

4. Granular cell tumors are typically benign and simple excision is curative. These
tumors recur less than 10% of the time [14].

5. In very rare cases, granular cell tumors can be malignant. Malignant tumors
show necrosis, spindling, vesicular nuclei, conspicuous nucleoli, increased mito-
sis, pleomorphism, and a high nuclear to cytoplasmic ratio [15].

6. Thirty-nine percent of patients with malignant granular cell tumor died after
a 3-year follow-up [15].

9.5 Malignant Peripheral Nerve Sheath Tumor

Malignant peripheral nerve sheath tumor is a sarcoma that often arises around
nerves, such as those in the brachial or sacral plexus. Although half of affected
patients have a diagnosis of neurofibromatosis, tumors can arise sporadically or
after radiation exposure [16]. The average age of diagnosis is approximately 40
years in patients without NF1 and 29 years in patients with NF1 [16, 17].

Pathology

Under the microscope, malignant peripheral nerve sheath tumor demonstrates a fas-
cicular arrangement of spindle cells with enlarged and hyperchromatic nuclei
(Figs. 9.19 and 9.20). There is frequent mitosis and areas of necrosis can typically
be seen. Subtle clues of nerve sheath differentiation may be identified, including
nuclear palisading, perivascular whorling, or wavy nuclei (Fig. 9.21). Alternatively,
an associated nerve or adjacent neurofibroma can also indicate nerve sheath differ-
entiation [1].

Ancillary Studies

e S100 may show focal weak staining in approximately half of high-grade malig-
nant peripheral nerve sheath tumors. Strong and diffuse S100 staining is not
usually seen.

Differential Diagnosis

* Synovial sarcoma (monophasic type)

e Leiomyosarcoma
¢ Fibrosarcomatous variant of dermatofibrosarcoma protuberans
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Figs.9.19 and 9.20 Malignant peripheral nerve sheath tumor with a fascicular architecture

Comments

1. Given its fascicular architecture, high-grade malignant peripheral nerve sheath
tumor can be mistaken for other spindle cell malignancies such as synovial sar-
coma, leiomyosarcoma, and fibrosarcomatous variant of dermatofibrosarcoma

protuberans.

2. Synovial sarcoma will often stain for TLE1 and demonstrates highly specific

SYT-SSXI or SYT-SSX2 fusion transcripts.

3. Leiomyosarcomas are positive for muscle markers such as desmin and

caldesmon.
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Fig. 9.21 The tumor cells of the malignant peripheral nerve sheath tumor are wavy, suggesting
nerve sheath differentiation (arrow)

Dermatofibrosarcoma usually demonstrates a COLIA-PDGFB fusion transcript.
If the tumor is negative for S100, clinical involvement of an associated nerve or
neurofibroma component can help indicate nerve sheath differentiation of a
malignant peripheral nerve sheath tumor.

Patients with neurofibromatosis have an 8-13% risk of developing a malignant
peripheral nerve sheath tumor over the course of their lifetime [4].

High-grade malignant peripheral nerve sheath tumors are highly aggressive and
frequently metastasize. The 5-year survival is approximately 34% [17].

. Treatment consists of complete surgical excision and radiation therapy [5].

Facts to Remember

Schwannomas are benign nerve sheath tumors composed of myelin-producing
Schwann cells. Simple excision is generally curative.

Neurofibromas are benign; however, patients with multiple or plexiform neuro-
fibromas should be assessed for neurofibromatosis.

. Perineuriomas are benign neoplasms that can mimic other fibroblastic

neoplasms.

Granular cell tumors are benign neural neoplasms that can arise in the skin or
gastrointestinal tract. Their presence can elicit a reactive overlying epithelial
proliferation that can be confused for a carcinoma.

. Malignant peripheral nerve sheath tumor is typically a high-grade sarcoma with

a poor prognosis. These tumors can arise in a neurofibroma and patients with
NF1 are at particular risk.
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Vascular lesions are primarily composed of the endothelial cells that line the arter-
ies, veins, or lymphatics (Fig. 10.1a—c). Given the ubiquitous nature of these circu-
latory elements within the human body, it should come as no surprise that vascular
neoplasms can arise in numerous anatomic locations.

Benign vascular lesions include numerous entities such as vascular malforma-
tions, reactive vascular proliferations, and hemangiomas. As multidisciplinary mus-
culoskeletal groups tend to focus on the more aggressive vascular tumors in daily
practice, this chapter will primarily discuss vascular tumors that are intermediate or
malignant in behavior.

10.1 Kaposi Sarcoma

Kaposi sarcoma is a malignant vascular tumor that was frequently encountered in
North America during the HIV epidemic. It can arise in multiple locations, such as
the skin, lymph nodes, or gastrointestinal tract. This tumor is associated with the
human herpes virus 8 (HHV-8) infection and is subcategorized based on clinical
presentation.

In AIDS-related Kaposi sarcoma, the lesions occur in the skin, mucosal surfaces,
and internal organs in patients with advanced HIV. In endemic (African) Kaposi
sarcoma, the tumor presents in young African males as multiple enlarged lymph
nodes. In classic Kaposi sarcoma, patients are typically men of African, Eastern, or
Middle European descent that present with multiple blue cutaneous lesions.
Tatrogenic (transplantation-related) Kaposi sarcoma can be seen in renal transplant
patients [1].

The original version of this chapter was revised. An erratum to this chapter can be found at
DOI 10.1007/978-3-319-55654-3_14
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Fig. 10.1 (a) Flat endothelial cells lining an arteriole (arrow). (b) Endothelial cells lining a vein
(arrow). (¢) Endothelial cells lining a lymphatic space (arrow)
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Pathology

The microscopic appearance of Kaposi sarcoma depends on the stage of clinical
progression. In the earliest (patch) stage of Kaposi sarcoma, the features are
extremely subtle, with the skin showing a vague increase in dermal vascular spaces
lined by bland endothelial cells and mild associated chronic inflammation. As this
lesion progresses to the plaque stage, this neoplasm encompasses most of the der-
mis with the endothelial cells displaying a spindled appearance and a vaguely fas-
cicular architecture (Figs. 10.2 and 10.3). Associated scattered round eosinophilic
globules and chronic inflammatory cells can be seen (Fig. 10.4) [2].

Fig. 10.3 The spindle cells of this Kaposi sarcoma do not show extensive atypia
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Fig. 10.4 Kaposi sarcoma has prominent chronic inflammation. Rare eosinophilic globules can
also be identified (arrow)

Fig. 10.5 Endothelial cells of Kaposi sarcoma are positive for LANA-1, consistent with HHV-8
infection

Ancillary Studies

» Kaposi sarcomas are positive for endothelial cell markers such as CD31, CD34,
and ERG.

e Latency-associated nuclear antigen (LANA-1) is associated with HHV-8 infec-
tion. Positive immunohistochemical staining for this protein in an endothelial
lesion is both sensitive and specific for Kaposi sarcoma (Fig. 10.5) [3].
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Differential Diagnosis

e Angiosarcoma
e Spindle cell hemangioma

Comment

1. The spindling nature of Kaposi sarcoma can be confused for angiosarcoma or
spindle cell hemangioma. HHV-8 staining distinguishes Kaposi sarcoma from
these other vascular tumors.

2. Appropriate suspicion based on the patient’s clinical presentation (e.g. organ

transplant, HIV) is helpful in assuring appropriate morphologic assessment and

use of the HHV-8 stain.

If left untreated, AIDS-associated Kaposi sarcoma has a mortality rate of 90% [4].

4. In patients who have an intact immune system, Kaposi sarcoma has a mortality

rate of approximately 10-20%.

Systemic therapy is used for persistent, metastatic, or systemic disease [4].

6. Kaposi sarcoma arising in HIV can be appropriately treated with HAART ther-
apy. After the introduction of this treatment regimen, the incidence of AIDS and
Kaposi sarcoma in North America has dramatically decreased [5].

b

9]

10.2 Epithelioid Hemangioendothelioma

Epithelioid hemangioendothelioma is a malignant vascular tumor that often pres-
ents as a painful mass associated with a vessel. These occur in adults (median age of
50 years) and frequently arise in the extremities, head and neck, trunk, and medias-
tinum. Other sites of occurrence include the lung, bone, and liver [2, 6].

Pathology

Microscopically, these tumors are composed of round to ovoid cells arranged in
strands and sheets in the background of myxoid or hyalinized stroma (Fig. 10.6).
These cells can obstruct and circumscribe a vascular space (Fig. 10.7). Intracellular
lumens containing erythrocytes are often seen (Fig. 10.8) [7].

Ancillary Studies

¢ Immunohistochemically, the tumor cells are positive for endothelial markers
such as CD31, ERG, and CD34.

e Epithelioid hemangioendotheliomas show characteristic WWTRI-CAMTAI or
YAPI-TFE3 fusion transcripts.

e Epithelioid hemangioendotheliomas are often positive for an anti-CAMTA1
antibody [8].
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Fig.10.6 Neoplastic endothelial cells of epithelioid hemangioendothelioma in a myxoid and hya-
linized background

Tt LR

Fig. 10.7 Vein obstructed by tumor cells (arrow) of an epithelioid hemangioendothelioma

Differential Diagnosis

» Epithelioid angiosarcoma
e Carcinoma
» Epithelioid hemangioma
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Fig. 10.8 Occasional erythrocytes are present in the intracellular lumens of this epithelioid
hemangioendothelioma (arrow)

Comment

1. Epithelioid hemangioendothelioma can be mistaken for other epithelioid neoplasms
such as epithelioid angiosarcoma, carcinoma, or epithelioid hemangioma.

2. Epithelioid angiosarcoma shows greater nuclear atypia and mitosis than epithe-
lioid hemangioendothelioma. A positive anti-CAMTAT1 antibody can be helpful
in distinguishing the two lesions.

3. Epithelioid hemangioendotheliomas can focally stain for keratin stains such as
AEI1/AE3. However, carcinomas are virtually never positive for CD34 or other
vascular markers.

4. Epithelioid hemangiomas typically have associated inflammation and lack the
hyalinized or myxoid background seen in epithelioid hemangioendothelioma.

5. Overall, 20-30% of epithelioid hemangioendotheliomas metastasize, usually
either to the lung or lymph node.

6. Consequently, these tumors are now considered malignant and have an overall
5-year survival rate of 80%.

7. However, tumors with less than three mitoses per 50 high power fields (hpf) and less
than 3 cm in size demonstrate a 5-year disease-specific survival rate of 100% [9].

10.3 Kaposiform Hemangioendothelioma

Kaposiform hemangioendothelioma is a vascular tumor that arises in the skin or soft
tissues in early childhood or infancy. Clinically, they can appear as violaceous plaques
or nodules in the soft tissue. This tumor can be associated with a consumptive throm-
bocytopenia and coagulopathy, known as Kasabach-Merritt syndrome [10].



146 10 Vascular Lesions

Pathology

These tumors are composed of prominent lobules of endothelial cells in the back-
ground of dense fibrous tissue (Fig. 10.9). Closer examination reveals the cells to be
spindled, reminiscent of Kaposi sarcoma (Fig. 10.9b). These foci of spindle cells
can occasionally form glomeruloid-like structures (Fig. 10.10). Other areas show a

lobular arrangement of vascular spaces reminiscent of a lobular hemangioma
(Fig. 10.11) [11].

Fig. 10.9 (a) Endothelial cells of a kaposiform hemangioendothelioma arranged in a lobular pat-
tern in the background of fibrous tissue. (b) Kaposiform hemangioendothelioma with spindling of
the endothelial cells
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Fig. 10.10 Glomeruloid-like structures of endothelial cells in a kaposiform hemangioendotheli-
oma (arrow)

Fig.10.11 Areas of kaposiform hemangioendothelioma showing a lobular arrangement of vascu-
lar spaces reminiscent of an infantile hemangioma

Ancillary Studies

e The cells are positive for endothelial markers such as CD31 and CD34.
e The cells are negative for HHV-8 and lack staining for GLUT-1.
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Differential Diagnosis

e Kaposi sarcoma
 Infantile hemangioma

Comment

1. Kaposiform hemangioendothelioma shows features similar to Kaposi sarcoma
and infantile hemangioma.

2. The endothelial cells of infantile hemangioma can be densely packed; however,
these lack spindling and are positive for a GLUT-1 immunohistochemical stain.

3. Although areas of kaposiform hemangioendothelioma can show spindling simi-
lar to Kaposi sarcoma, the cells of Kaposi sarcoma are positive for HHV-8.

4. Unlike infantile hemangioma, kaposiform hemangioendothelioma does not
spontaneously regress and generally requires surgical resection or a combination
of medical therapies for treatment.

5. The mortality rate of kaposiform hemangioendothelioma is approximately 10%.
Death often occurs secondary to thrombocytopenia or local extension of the
tumor [2, 11].

10.4 Angiosarcoma

Angiosarcomas are highly malignant soft tissue sarcomas whose characteristics and
behavior depend on the nature of their clinical presentation.

Primary cutaneous angiosarcoma often arises as single or multiple lesions in the
superficial skin in the head and neck area of elderly patients [12].

Angiosarcoma can arise in association with long-standing lymphedema (Stewart-
Treves syndrome), which is often secondary to axillary lymph node dissection or
mastectomy for a breast malignancy [13].

Primary angiosarcoma of the breast typically arises in women in the third or
fourth decade of life [14].

Postirradiation angiosarcoma is the most common soft tissue malignancy to arise
as a consequence of radiation therapy. With the common use of radiation as adju-
vant treatment for mammary carcinomas, the breast is the most common site of
occurrence [15].

Soft tissue angiosarcomas can arise in the deep soft tissue of the extremities,
trunk, and head and neck area [16].

Pathology

On gross examination, cutaneous angiosarcomas often have a violet appearance. In
the soft tissue, these can appear as hemorrhagic masses. Microscopically, these
tumors usually manifest their endothelial differentiation by forming infiltrating vas-
cular channels in cutaneous or soft tissue (Fig. 10.12a, b). Endothelial cells with
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Fig. 10.12 (a) Well-differentiated angiosarcoma with irregular vascular channels coursing
through subepithelial collagen. (b) Although there is little cytologic atypia, the vascular channels
invade through collagen and adnexal structures, indicating their malignant nature

nuclear hyperchromasia and mitoses are typically seen (Fig. 10.13). As the tumor
becomes less differentiated, the tumor cells no longer form vascular channels and
infiltrate as sheets of epithelioid or spindle cells (Fig. 10.14a—c).
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Fig. 10.13 The endothelial cells of an angiosarcoma with multilayering and nuclear atypia

Ancillary Studies

Angiosarcomas usually stain for endothelial markers such as CD31, CD34, FLI-1,
and ERG.

MYC gene amplification is consistently seen in postirradiation-associated
angiosarcomas.

Differential Diagnosis

Carcinoma
Hemangioma

Comments

1

2.

. Difficulties in diagnosing angiosarcomas tend to occur when these tumors are

either very well or poorly differentiated.

Poorly differentiated angiosarcomas with an epithelioid morphology can be
confused for primary or metastatic carcinoma, as these can also stain for epithe-
lial markers such as cytokeratin or EMA.

Careful search for a vascular-like architecture and use of endothelial immuno-
histochemical stains such as CD31 or CD34 can help differentiate angiosarco-
mas from epithelial malignancies.

. Well-differentiated angiosarcoma can sometimes show limited cellular atypia

and be mistaken for normal blood vessels or a benign hemangioma.
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Fig. 10.14 (a) Poorly differentiated angiosarcoma with a spindled appearance. (b) Poorly differen-
tiated angiosarcoma with sheets of epithelioid cells. (¢) Poorly differentiated angiosarcoma with only
a subtle vasoformative architecture that hints at the tumor’s endothelial nature (arrow)
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10.

11.

12.
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. However, well-differentiated angiosarcomas typically have a more infiltrative

pattern than hemangioma.

Given the subtle features of these tumors, frozen sections are not useful for intra-
operative assessment of the surgical margins in resections of angiosarcoma [17].
Cutaneous angiosarcoma has a 5-year disease-specific survival of 12-48%
[12, 18].

Angiosarcoma associated with lymphedema from previous mastectomy has
been noted to have a 50% survival over 19 months [19].

The reported outcome for postirradiation angiosarcoma has been highly vari-
able [20, 21].

At least 60% of patients with breast primary angiosarcoma develop metastatic
disease [14].

Angiosarcomas of the soft tissue are particularly aggressive. Approximately
53% of patients die within the first year [16].

Complete surgical resection is the primary treatment for angiosarcomas. Often
adjuvant radiation therapy is administered for close margins [22].

Facts to Remember

. Kaposi sarcoma is an aggressive vascular tumor that is associated with HHV-8

infection. In patients with AIDS, effective therapy includes appropriate HAART
therapy for the patient’s underlying HIV.

. Epithelioid hemangioendothelioma is a malignant vascular tumor in which the

neoplastic cells have a rounded or oval appearance. Although 20-30% of these
tumors metastasize, tumors with less than three mitosis per 50 hpf and less than
3 cm in size have a 5-year disease-specific survival rate of 100%.

. Kaposiform hemangioendothelioma is an aggressive vascular tumor that can

mimic an infantile hemangioma or Kaposi sarcoma.

. Kaposiform hemangioendothelioma is often associated with thrombocytopenia.
. Angiosarcoma is a vascular tumor that has different clinical presentations.

Subtypes include primary cutaneous angiosarcoma, angiosarcoma in association
with lymphedema, primary angiosarcoma of the breast, postirradiation angiosar-
coma, and soft tissue angiosarcoma.

. Overall, angiosarcomas are highly malignant and primary treatment consists of

surgical resection with possible adjuvant radiation therapy.

. Frozen sections are not particularly useful in assessing margin involvement by an

angiosarcoma.
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Cartilaginous and Osseous Tumors 1 1
of Soft Tissue

Although usually associated with the bone, tumors with osteoid or chondroid matrix
can occur in the soft tissue and are primarily identified by their associated
matrix material. Chondroid material has an amorphous eosinophilic to basophilic
appearance (Fig. 11.1). The unmineralized part of the bone known as osteoid has an
eosinophilic appearance (Fig. 11.2).

11.1 Extraskeletal Chondroma

Extraskeletal chondroma is a lesion that most often occurs as a slow growing soft
tissue nodule in the fingers, toes, and hands and feet of adults in the third and fourth
decades of life [1]. On radiologic examination, these neoplasms will display punc-
tate or curvilinear patterns of calcification characteristic of cartilaginous matrix [2].

Pathology

On gross examination, these are well-circumscribed and lobulated lesions that
are typically less than 3 cm in size. Microscopically, they are primarily com-
posed of hyalinized cartilage that surrounds bland chondrocytes (Fig. 11.3).
Focal areas of myxoid change (Fig. 11.4) and calcification (Fig. 11.5) can be
identified [1, 3].

Ancillary Studies

e Although soft tissue chondromas can stain for S-100, the diagnosis is primarily
based on the identification of chondroid matrix on an H&E slide.

© Springer International Publishing AG 2017 155
K. Perry, Soft Tissue Pathology for Clinicians, Pathology for Clinicians,
DOI 10.1007/978-3-319-55654-3_11



156 11 Cartilaginous and Osseous Tumors of Soft Tissue

- 5:;. - A7 ) e
N o
o= - - 1
3
s S e
”x ‘%‘4 .‘;A'
- N iy
§ k NEl ) N
* : -
-_‘n‘?\. . ; é
et i = .
v 5 = . e
% >, D -
48 . de
. b ., l“'I"
T A . ¥ e HED
-y T i 5 L, e
E 5 .~ "
b g i
o (o) :
el i ’
- - - : -
- T ! g 3
; ~ - ¥ C . ‘._ L
. s
= by
- <

Fig. 11.1 Chondroid material with a variably blue and pink appearance. Scattered benign chon-
drocytes are present (arrow)

Fig. 11.2 Dense eosinophilic osteoid material with areas of early calcification (arrow) in an
extraskeletal osteosarcoma

Differential Diagnosis

* Synovial chondromatosis
* Enchondroma
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Fig.11.3 Soft tissue chondroma with mildly increased chondrocytes in the background of a chon-
droid matrix
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Fig. 11.4 Focal myxoid changes (arrow) in the cartilaginous matrix of a soft tissue chondroma

Comments

1. Soft tissue chondromas can be confused with other cartilaginous tumors such as
synovial chondromatosis or enchondroma.

2. Synovial chondromatosis usually arises within the intra-articular space of large
joints such as the knee. Instead of a solitary well-circumscribed nodule, synovial
chondromatosis manifests as multiple cartilaginous nodules associated with the
synovial membrane.



158 11 Cartilaginous and Osseous Tumors of Soft Tissue

Fig. 11.5 Scattered areas of calcification in the chondroid matrix of a soft tissue chondroma.
These correspond to the punctate calcifications seen on radiologic imaging

3. Unlike soft tissue chondroma, enchondroma arises within the bone. Correlation
with the radiologic findings helps the pathologist determine whether the lesion
arises in the bone or soft tissue.

4. Soft tissue chondromas are benign tumors. Approximately 15% will recur [4].

5. These are generally treated with local excision.

11.2 Extraskeletal Mesenchymal Chondrosarcoma

Extraskeletal mesenchymal chondrosarcoma is a malignancy that most frequently
arises in young adults in the second to fourth decades of life [5]. Although this neo-
plasm most frequently arises in the bone, a minority of cases can present in soft
tissue sites such as the head and neck, meninges, and thigh [6].

Pathology

These tumors grossly appear as lobulated and circumscribed masses. Microscopically,
they are composed of round cells with scant cytoplasm. A background pattern of
branching vessels is present (Fig. 11.6). Focal areas of the tumor show a more
mature cartilaginous matrix (Fig. 11.7) [7].

Ancillary Studies

* An immunohistochemical stain for SOX-9, a regulator of chondrogenesis, is
consistently positive in mesenchymal chondrosarcoma [8].

* The HEYI-NCOA?2 fusion transcript has been consistently detected in mesenchy-
mal chondrosarcomas, which can be used to confirm the diagnosis [9].
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11.2  Extraskeletal Mesenchymal Chondrosarcoma

6 Immature portions of an extraskeletal mesenchymal chondrosarcoma. The tumor is
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Comments

1. Extraskeletal mesenchymal chondrosarcoma can be mistaken for other “small
round cell” tumors such as poorly differentiated synovial sarcoma or Ewing
sarcoma.

2. Immunohistochemistry for SOX-9 and molecular studies for HEY1-NCOA2 can
distinguish this neoplasm from these other entities.

3. Radiologic imaging can be used to exclude a primary extraskeletal mesenchymal
chondrosarcoma of the bone that has metastasized to the soft tissue.

4. This tumor is an aggressive soft tissue malignancy with a 5-year survival of
approximately 55% [4].

5. Radical surgery with adjuvant radiotherapy or chemotherapy is the preferred
treatment.

11.3 Extraskeletal Osteosarcoma

Extraskeletal osteosarcoma is a malignant osteoid producing sarcoma that most com-
monly arises in the soft tissue in older adults (sixth to seventh decades of life). These
are often found in the deep muscle of the thigh, shoulder, and pelvis and measure
5-10 cm in size [10, 11]. In approximately 5% of cases, the patient has undergone
previous radiation treatment [12]. Radiologic examination demonstrates varying
amounts of calcification in these tumors, consistent with their osteogenic nature [13].

Pathology

Morphologically, the features are identical to those of an osteosarcoma arising in
the bone. The sections show tumor cells with varying amounts of associated osteoid
material in a lacelike distribution (Figs. 11.8 and 11.9). Areas of fibroblastic and
chondroblastic differentiation can also be seen.

Differential Diagnosis

e Undifferentiated high-grade pleomorphic sarcoma
e Myositis ossificans
e High-grade surface or metastatic osteosarcoma of the bone

Comments

e Undifferentiated high-grade pleomorphic sarcoma lacks the osteoid deposition
seen in extraskeletal osteosarcoma.

e Extraskeletal osteosarcoma must be distinguished from benign soft tissue lesions
that can deposit osteoid material, such as myositis ossificans.

e Although myositis ossificans contains osteoid material, ossification is more
organized and is at the periphery of the lesion.

e Correlation with the radiologic imaging is required to exclude metastatic or
direct extension of osteosarcoma from the bone.
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Fig. 11.9 The tumor cells in the extraskeletal osteosarcoma show nuclear hyperchromasia and
scattered mitosis (arrow)

o Extraskeletal osteosarcoma is a highly malignant sarcoma.

* Approximately 45% of tumors recur, usually within 3 years after resection.

e Metastasis occurs in 65% of affected patients, with the lung being the most com-
mon site.

e The 5-year survival rate is 37% [10].

e Treatment generally consists of radical surgery with adjuvant radiation and mul-
tiagent chemotherapy [4].
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Facts to Remember

1. Extraskeletal chondroma is a benign cartilaginous neoplasm that typically arises
in acral locations.

2. Extraskeletal mesenchymal chondrosarcoma is a malignant soft tissue tumor that
has areas of poorly differentiated cells admixed with chondroid material.

3. Extraskeletal osteosarcoma is a malignant osteoid-producing sarcoma that can
occur in the soft tissue.

4. Extraskeletal osteosarcoma is highly aggressive and is treated with radical sur-
gery as well as adjuvant radiation and multiagent chemotherapy.

5. When diagnosing an extraskeletal mesenchymal chondrosarcoma or extraskele-
tal osteosarcoma, it is critical to first exclude soft tissue metastasis from an
undiscovered primary bone tumor.
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Although numerous soft tissue neoplasms resemble various connective tissues in
the body, some have no identifiable histologic counterpart. Like other diagnostic
groups, the behavior of tumors of uncertain differentiation varies from benign to
highly malignant. Repetitive genetic aberrations are frequent among these neo-
plasms and can be used for diagnostic purposes.

12.1 Intramuscular Myxoma

Intramuscular myxoma is a benign neoplasm that most frequently occurs as a well-
delineated and deeply situated mass in the thigh. It arises in adults in the fifth to
seventh decade of life, and some patients note symptoms of pain or tenderness [1,
2]. Patients with Mazabraud syndrome have a combination of multiple intramuscu-
lar myxomas and fibrous dysplasia of the bone [3].

Pathology

Microscopically, these tumors show abundant background myxoid substance that
contains scattered stellate cells with small, bland nuclei (Figs. 12.1 and 12.2).
Macrophages containing mucinous material can sometimes be seen [4].

Ancillary Studies

* The diagnosis is primarily based on histologic features.
e The majority of intramuscular myxomas contain mutations in the GNAS/ gene [5].

Differential Diagnosis

e Myxoid liposarcoma
*  Myxofibrosarcoma
e Low-grade fibromyxoid sarcoma
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Fig. 12.2 Intramuscular myxoma with occasional cells with small and stellate nuclei

Comment

1. Intramuscular myxomas can have similar features with other myxoid tumors,
such as myxofibrosarcoma, myxoid liposarcoma, and low-grade fibromyxoid
sarcoma.

2. Myxoid liposarcoma has a more conspicuous interconnecting “chicken wire”
capillary network with scattered lipoblasts.
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3. Myxofibrosarcoma contains more atypical mesenchymal cells with nuclear
hyperchromasia that are associated with curvilinear vessels.

4. Low-grade fibromyxoid sarcoma shows a more organized pattern of alternating
fibrous and myxoid stroma and is positive for a MUC4 immunohistochemical
stain.

5. Given limited material, the diagnosis of intramuscular myxoma on a needle core
biopsy can be difficult. A descriptive interpretation of “low-grade myxoid neo-
plasm” is sometimes made.

6. Intramuscular myxoma is a benign neoplasm. Surgical excision is generally
curative [4].

12.2 Superficial Angiomyxoma

Superficial angiomyxomas present as polypoid or nodular lesions in the dermis of
the head and neck, trunk, or lower limbs in children and adults [6]. The majority of
these lesions measure from 1 to 5 cm in greatest dimension [7]. They are morpho-
logically identical to the myxomas in Carney syndrome, a condition associated with
endocrine overactivity, spotty pigmentation, and multiple myxomas [8].

Pathology

Superficial angiomyxomas often have a multinodular architecture and contain a
myxoid background with bland-appearing stromal cells (Fig. 12.3). Small to
medium delicate blood vessels course through the lesion, and scattered associated
neutrophils and lymphocytes can be seen (Fig. 12.4). Some angiomyxomas are
associated with an epidermoid cyst [7].

Fig.12.3 Superficial angiomyxoma with conspicuous blood vessels in the background of myxoid
material
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Fig.12.4 (a) Superficial angiomyxoma with small blood vessels (arrow) (b) Higher power exam-
ination of these vessels reveals associated scattered neutrophils (arrow)

Differential Diagnosis

e Superficial acral fibromxyoma
*  Myxofibrosarcoma
e Myxoid liposarcoma

Comment
1. Superficial angiomyxoma should be distinguished from other myxomatous neo-

plasms that occur in the extremities, such as myxoid liposarcoma, superficial
acral fibromyxoma, and myxofibrosarcoma.
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2. Superficial acral fibromyxomas are confined to the distal extremities and lack the

associated inflammatory infiltrate of superficial angiomyxoma.

Myxofibrosarcoma contains mesenchymal cells with more nuclear atypia.

4. Myxoid liposarcoma arises in the deep soft tissue of the extremities, has scattered
lipoblasts, and manifests highly specific translocations involving the DDIT3 gene.

5. Superficial angiomyxomas are benign tumors, but can recur if incompletely
excised [7, 9].

(O8]

12.3 Hemosiderotic Fibrolipomatous Tumor

Hemosiderotic fibrolipomatous tumor (HFLT) is a lesion that often arises in the
subcutaneous tissue around the ankles of adult women, most commonly in the fifth
decade of life. Prior to pathologic examination, these can be mistaken for lipomas
or ganglion cysts [10-12].

Pathology

Under the microscope, HFLT shows background adipocytic tissue that is traversed
by fibrous septa containing bland-appearing spindle cells (Fig. 12.5). Associated
lymphocytes, mast cells, and hemosiderin deposition are typically seen (Fig. 12.6).
Small to medium sized blood vessels with thickened walls typically course through
the fat as well.

Ancillary Studies
e The spindle cells are positive for a CD34 immunohistochemical stain.

* Genetic translocations involving TGFBR3 and MGEA5 have been identified in
these tumors [13].

LS

Fig. 12.5 Hemosiderotic fibrolipomatous tumor with adipose tissue that is traversed by bands of
fibrous tissue
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Fig. 12.6 High-power examination of this hemosiderotic fibrolipomatous tumor shows deposi-
tion of golden-brown hemosiderin pigment

Differential Diagnosis

e Dermatofibrosarcoma protuberans
» Fibrous histiocytoma
e Pleomorphic hyalinizing angiectatic tumor

Comment

1. Hemosiderotic fibrolipomatous tumor can resemble fibrous and fibrohistiocytic
tumors such as dermatofibrosarcoma protuberans, fibrous histiocytoma, and
pleomorphic hyalinizing angiectatic tumor.

2. The spindle cells in dermatofibrosarcoma exhibit a whorling pattern and entrap
the surrounding adipose tissue in a "honeycomb" pattern.

3. Fibrous histiocytoma does not demonstrate the septated pattern of hemosiderotic
fibrolipomatous tumor.

4. Hemosiderotic fibrolipomatous tumors share morphologic and cytogenetic fea-
tures with pleomorphic hyalinizing angiectatic tumor and are suspected to be
related lesions [14].

5. Approximately 25-50% of hemosiderotic fibrolipomatous tumors recur [10, 15].
Treatment consists of complete excision [12].
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12.4 Myoepithelioma of Soft Tissue

Myoepitheliomas of the soft tissue occur in children and adults over a broad age
range. They often arise in the extremities or the head and neck area. These can be
infiltrative or well circumscribed and measure up to 20 cm in size [16, 17].

Pathology

Myoepitheliomas display a wide variety of morphologic appearances. The myoepithe-
lial cells can appear as epithelioid, ovoid, or spindle cells that are arranged in sheets,
clusters, cords, or interconnected strands (Fig. 12.7a, b). Benign myoepitheliomas

Fig. 12.7 (a) Myoepithelioma of soft tissue with epithelioid cells. (b) Myoepithelioma with an
interconnected network of more spindled cells
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Fig. 12.8 Malignant myoepithelioma of soft tissue with vesicular nuclei and prominent nucleoli

contain bland appearing nuclei while malignant ones contain either hyperchromatic or
vesicular nuclei and prominent nucleoli (Fig. 12.8).

Ancillary Studies

* Myoepithelial cells are positive for S100, calponin, pancytokeratin, and some-
times GFAP [18].

e Translocations involving the EWSRI gene are detected in approximately half of
cases. Partner genes include POUSF 1, ZNF444, and PBXI [19].

Differential Diagnosis

e Ossifying fibromyxoid tumor
* Extraskeletal chordoma
e Extraskeletal myxoid chondrosarcoma

Comments

1. Given their highly variable appearance, myoepitheliomas can mimic many types
of neoplasms. Common considerations include extraskeletal myxoid chondro-
sarcoma, extraskeletal chordoma, and ossifying fibromyxoid tumor.

2. Ossitying fibromyxoid tumor has ovoid cells but usually has at least a partial
peripheral shell of bone surrounding the lesion.

3. Cells in a chordoma can have a similar appearance to some myoepithelial tumors.
Unlike soft tissue myoepithelioma, chordomas rarely arise in the peripheral soft
tissue and are positive for a brachyury immunohistochemical stain.
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4. Extraskeletal myxoid chondrosarcoma also demonstrates rearrangements involv-

ing the EWSRI gene; however, these tumors have different partner genes (e.g.

NR4A3) than myoepithelioma.

The behavior of soft tissue myoepithelioma is difficult to predict.

6. Of myoepithelial tumors that appeared histologically benign, 18% recurred
locally and none metastasized [17].

7. Of myoepithelial tumors that had histologically malignant features, 42% recurred
locally and 32% metastasized [17].

8. Complete surgical excision is the primary treatment for these tumors [12].

9]

12.5 Ossifying Fibromyxoid Tumor

Ossifying fibromyxoid tumors arise in the subcutaneous tissue or muscle in the
upper and lower extremities and head and neck region. These occur in adults with a
median age of presentation of 50 years. They are typically painless and develop
slowly [20].

Pathology

Ossifying fibromyxoid tumors are composed of round to oval cells with vesicular
nuclei that are arranged in a linear or reticular pattern (Fig. 12.9a). On closer exami-
nation, the tumor cells contain bland nuclei and are in the background of a fine col-
lagenous or myxoid stroma (Fig. 12.9b). A partial shell of mature bone often
surrounds the lesion (Fig. 12.10).

Ancillary Studies

e The cells in this tumor usually express S100 and can be positive for desmin [21].
e Ossifying fibromyxoid tumors frequently have translocations involving the
PHF1 gene [22].

Differential Diagnosis

e Myoepithelioma of soft tissue
e Chondroid syringoma
¢ Extraskeletal myxoid chondrosarcoma

Comment

1. The cord-like arrangement of cells in ossifying fibromyxoid tumor can resemble
patterns seen in extraskeletal myxoid chondrosarcoma, chondroid syringoma, or
myoepithelioma of soft tissue.

2. Unlike chondroid syringoma and myoepithelioma of soft tissue, ossifying fibro-
myxoid tumor only rarely expresses cytokeratins and usually has at least focal
peripheral osteoid deposition.
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Fig. 12.9 (a) Ossifying fibromyxoid tumor with a cord-like and reticular arrangement of ovoid
cells. (b) Neoplastic cells of ossifying fibromyxoid tumor with bland nuclei and fine collagen
background

3. Extraskeletal myxoid chondrosarcoma typically has translocations involving the
EWSRI gene.

4. Typical ossifying fibromyxoid tumor has a recurrence rate of 17% and a meta-
static rate of 5% [23].

5. Histologically malignant ossifying fibromyxoid tumors demonstrate high cellu-
larity, increased mitoses (over 2 per 10 high power fields), and high nuclear
grade [23].

6. Malignant ossifying fibromyxoid tumors have a metastatic rate of 22% [21].
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Fig. 12.10 Peripheral bone of an ossifying fibromyxoid tumor

12.6 Alveolar Soft Part Sarcoma

Alveolar soft part sarcomais a malignant tumor that primarily arises in adolescents
and young adults (median age of 22 years). The most common sites of occurrence
include the buttock, leg, and trunk [24]. In younger patients, these can arise in the
head and neck [25]. A subset of patients have metastasis at the time of diagnosis.

Pathology

Microscopically, these tumors are composed of nests of neoplastic cells with eosin-
ophilic and granular cytoplasm. The central cells in these nests drop out, giving the
tumor an alveolar appearance similar to lung tissue (Fig. 12.11). The nuclei of the
tumor cells are enlarged and prominent nucleoli can be seen (Fig. 12.12).

Ancillary Studies

* The neoplastic cells are positive for a TFE3 immunohistochemical stain [26].

e These tumors exhibit an ASPSCRI-TFE3 fusion transcript that can be used to
confirm the diagnosis by molecular studies [26].

Differential Diagnosis

e Granular cell tumor
¢ Renal cell carcinoma
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Vi

Fig. 12.11 Nests of eosinophilic cells forming an alveolar architecture in this alveolar soft part
sarcoma

&

Fig. 12.12 Neoplastic cells of an alveolar soft part sarcoma with enlarged nuclei and prominent
nucleoli

Comments

1. Alveolar soft part sarcoma can be confused for other tumors with eosinophilic
cytoplasm, such as granular cell tumor and renal cell carcinoma.

2. Alveolar soft part sarcoma lacks the S100 staining seen in granular cell tumor
and cytokeratin or PAX-8 staining seen in renal cell carcinoma.
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3. These tumors are aggressive from a long-term perspective. While the 5-year
overall survival is 87%, the 20-year survival is 15%.

4. The 5-year overall survival for patients with metastatic disease is only 20% [24, 27].

5. Treatment consists of radical surgical excision and possible radiotherapy and
chemotherapy [9].

12.7 Clear Cell Sarcoma of Soft Tissue

Clear cell sarcoma is a malignant soft tissue tumor that arises in young adults at a
median age of 30 years. These typically occur as slow-growing nodules in the foot,
ankle, or hands and are intimately associated with a tendon [28, 29].

Pathology

Microscopically, these tumors are composed of bundles of spindle cells with eosin-
ophilic to clear cytoplasm in the background of fibrotic stroma (Fig. 12.13). The
cells contain enlarged vesicular nuclei and prominent nucleoli (Fig. 12.14). Scattered
associated giant cells and melanin pigment can occasionally be seen.

Ancillary Studies

e Tumor cells are positive for S100, HMB-45, and Melan-A immunohistochemical
stains [30].

¢ (Clear cell sarcoma of soft tissue has been found to have EWSRI1-ATFI or EWSRI -
CREBI fusion transcripts [31, 32].

Fig. 12.13 Clear cell sarcoma of soft tissue with vaguely spindle cells containing clear and eosin-
ophilic cytoplasm
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Fig. 12.14 The cells in this clear cell sarcoma contain large nuclei and prominent nucleoli

Differential Diagnosis

Spindle cell or desmoplastic melanoma

e Malignant peripheral nerve sheath tumor
* Leiomyosarcoma

Comments

. Clear cell sarcoma of the soft tissue can be confused for other spindle cell neo-

plasms such as desmoplastic melanoma, leiomyosarcoma, or malignant periph-
eral nerve sheath tumor.

The absence of an overlying skin lesion helps differentiate this lesion from a
melanoma. Melanoma typically lacks mutations involving the EWSRI gene.
Malignant peripheral nerve sheath tumor demonstrates only focal (if any) S100
staining.

. Leiomyosarcoma lacks S100 staining and is positive for desmin and smooth

muscle actin.

Clear cell sarcoma is an aggressive tumor. Approximately 14% recur and 63%
metastasize [29].

The 5-year survival rate is approximately 66%. Complete surgical excision is the
primary treatment, and radiation therapy has been used if the surgical margins
are positive [28].
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12.8 Extraskeletal Ewing Sarcoma

Ewing sarcoma is a malignancy that is usually associated with the bone; however,
approximately 20% of these tumors will arise in extraskeletal locations such as the
pelvis, thigh, paraspinal area, or foot [33, 34]. Most patients with Ewing sarcoma
are between 5 and 20 years old, and the median occurrence is at 14 years of age
[35].

Pathology

This tumor is a classic example of a “small round cell sarcoma.” Compared to other
aggressive mesenchymal tumors, the cells are smaller in size and have a high nuclear
to cytoplasmic ratio (Fig. 12.15). Sometimes this limited cytoplasm can have a clear
appearance due to increased glycogen (Fig. 12.16). The cells are usually arranged in
sheets but sometimes can be seen in a circular arrangement, termed a Homer-Wright
rosettes [36].

Ancillary Studies

e The tumor cells are strongly positive for CD99, but this is not in itself diagnostic [37].

* Ewing sarcoma often exhibits a fusion between the EWSR/ and FLI-1 genes. It
can also have alternative genetic translocations, resulting in fusion transcripts
such as EWSRI-ERG [38].

Fig. 12.15 The high nuclear to cytoplasmic ratio of the tumor cells of this Ewing sarcoma can be
confused for other malignancies, such as lymphoma
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Fig. 12.16 The tumor cells of this Ewing sarcoma contain scattered clear cytoplasmic vacuoliza-
tions consistent with increased glycogen content (arrow)

Differential Diagnosis

e Rhabdomyosarcoma
e Desmoplastic round cell tumor
e Poorly differentiated synovial sarcoma

Comment

1. Ewing sarcoma must be differentiated from other tumors that are composed of
similar undifferentiated “small round cells,” such as rhabdomyosarcoma, desmo-
plastic synovial sarcoma, and poorly differentiated synovial sarcoma.

2. Rhabdomyosarcoma typically expresses MyoD1 and myogenin, which is usu-
ally not seen in Ewing sarcoma.

3. Desmoplastic round cell tumor contains a similar “small round cell” population,
but these are usually positive for desmin.

4. Unlike Ewing sarcoma, synovial sarcoma frequently expresses TLE-1 and has
distinct translocations involving the SYT gene.

5. Modern treatment consists of surgical resection and either radiotherapy or che-
motherapy. Survival for localized tumors is approximately 75%. However,
approximately 25% of patients have clinically identifiable metastasis at diagno-
sis [12, 39].



12.9 Desmoplastic Small Round Cell Tumor 179

12.9 Desmoplastic Small Round Cell Tumor

Desmoplastic small round cell tumor is a rare sarcoma that occurs in the abdomen
or pelvic peritoneum of adolescent or young adult males. The average age of occur-
rence is 22 years [40]. Patients can present with abdominal pain, weight loss,
increased abdominal girth, ascites, and constipation and are usually found to have a
primary tumor mass with multiple associated peritoneal implants [41].

Pathology

The name of this tumor accurately describes its microscopic appearance. Similar to
Ewing sarcoma, the tumor cells contain minimal cytoplasm and are arranged in
scattered sheets, nests, and cords. However, in desmoplastic round cell tumor, these
cells are typically seen in the background of dense fibrous tissue (Fig. 12.17).
Scattered areas of coagulative necrosis are frequently identified.

Ancillary Studies

e Desmoplastic round cell tumors are positive for epithelial (cytokeratin), myo-
genic (desmin staining in a dot-like pattern), and neurogenic (S100) immunohis-
tochemical stains [40].

* These tumors contain a unique genetic translocation that forms an EWSRI-WT1
fusion transcript [42].

Fig. 12.17 Desmoplastic small round cell tumor with nests of tumor cells in the background of
fibrotic stroma
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Differential Diagnosis

e Ewing sarcoma

e Poorly differentiated carcinoma
* Rhabdomyosarcoma

e Mesothelioma

Comment

1. Desmoplastic round cell tumor can be confused with other tumors that demon-
strate “round cell” morphology. These include Ewing sarcoma and rhabdomyo-
sarcoma. They also must be distinguished from other tumors such as poorly
differentiated carcinoma and mesothelioma.

2. Ewing sarcoma has morphologic similarities but does not display desmin posi-
tivity or contain the EWSRI-WT1 fusion transcript seen in desmoplastic round
cell tumor.

3. Poorly differentiated carcinomas, rhabdomyosarcomas, and mesotheliomas do
not exhibit coexpression of mesenchymal, epithelial, and neural antigens [9].

4. Desmoplastic round cell tumor is a highly malignant sarcoma. Only approxi-
mately 28% of affected patients survive [43].

5. Treatment approaches include total surgical resection, external beam radiation
therapy, and hyperthermic intraperitoneal chemotherapy [44].

12.10 PEComa (and Similar Neoplasms)

Perivascular epithelioid cell neoplasms (PEComas) are tumors that arise in middle-
aged females, most often in the fourth decade. Common sites include the gyneco-
logic tract, omentum, pelvis, retroperitoneum, and falciform ligament [45]. These
tumors are part of a larger perivascular epithelioid cell family of neoplasms, which
includes angiomyolipoma, lymphangiomyoma, and pulmonary clear cell sugar
tumor [9, 46].

Pathology

Microscopically, PEComas are composed of eosinophilic and clear cells that are
both spindled and epithelioid in appearance. They are arranged in nests and sheets
around blood vessels (Fig. 12.18).

Ancillary Tests

e PEComas usually show expression of both smooth muscle actin and melanocytic
markers (HMB-45, and MART-1) [9].
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Fig. 12.19 Angiomyolipoma with adipocytes, vessels, and clear epithelioid-like cells

Related Neoplasms

* Angiomyolipoma
— Angiomyolipomas arise in the kidney in women around the fifth decade of life.
They are composed of a combination of adipose tissue, thick-walled blood ves-
sels, and epithelioid cells arranged around vascular spaces (Fig. 12.19) [47].
e Lymphangiomyoma
— Lymphangiomyoma presents in women as multiple nodules or cysts around
the lymph nodes and lymphatics of the mediastinum and pulmonary instersti-
tium. Microscopic sections show lymphatic or vascular spaces surrounded by
epithelioid-like cells with clear cytoplasm [48].
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Differential Diagnosis

e (Clear cell sarcoma
e Melanoma
¢ Leiomyosarcoma

Comments

1. The combined expression of smooth muscle actin and melanocytic markers (HMB-
45, MART-1) differentiates PEComas from other similar appearing neoplasms
such as clear cell sarcoma and melanoma. Leiomyosarcomas typically lack the
numerous small vessels seen in PEComa and do not usually express MART-1.

2. Approximately 13% of PEComas recur and 21% will metastasize [45].

3. Concerning clinical or histologic features in a PEComa include a tumor size
greater than 5 cm, infiltrative border, highly atypical nuclei, increased cellularity,
greater than one mitosis per 50 high power field (hpf), coagulative necrosis, or
vascular invasion.

4. Tumors that have two or more of these findings are considered malignant.

5. In addition to complete resection, some patients have been treated with adjuvant
therapies such as mTOR inhibitors [49].

12.11 Epithelioid Sarcoma

Epithelioid sarcoma is a soft tissue neoplasm that arises in adolescents and young
adults as a nodule in the hand, forearm, or pretibial region. These dermal, subcutane-
ous, or soft tissue lesions can be solitary or multiple and grow slowly [9, 50, 51].
Proximal-type epithelioid sarcoma, a particularly aggressive form of this tumor, often
arises as a deep-seated mass in the pelvis, perineum, axilla, pubis, or buttocks [52].

Pathology

The conventional type of epithelioid sarcoma shows cells arranged around areas of
degeneration or necrosis which can be mistaken for granulomatous inflammation
(Fig. 12.20a). Closer inspection, however, will reveal ovoid and vesicular nuclei
with atypical features such as multiple nucleoli and irregular borders (Fig. 12.20b).
Although predominantly epithelioid, the tumor cells can transition into areas of a
more spindled appearance (Fig. 12.20c).

The proximal type of epithelioid sarcoma demonstrates larger tumor cells with
vesicular nuclei. These cells contain eosinophilic cytoplasmic inclusions that are
typically described as “rhabdoid,” given the vague similarity to immature skeletal
muscle (Fig. 12.21).

Ancillary Tests
e The tumor cells are usually positive for EMA or various cytokeratin stains. A

CD34 stain is positive in approximately half of cases [53].
e The tumors show loss of nuclear INI-1 expression.



Fig. 12.20 (a) Epithelioid sarcoma with cells arranged around central area of necrosis. (b) High-
power examination shows epithelioid-like cells with multiple nucleoli and nuclei of varying shape
and size. (¢) Other areas of epithelioid sarcoma show occasional cells which have a more spindled
appearance (arrow)
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Fig. 12.21 Proximal variant of epithelioid sarcoma with larger tumor cells that contain eosino-
philic cytoplasm

Differential Diagnosis

» Epithelioid angiosarcoma

Carcinoma

e Malignant extrarenal rhabdoid tumor

Comments

hd

. Epithelioid sarcoma must be distinguished from other tumors with an epithelioid

morphology such as epithelioid angiosarcoma, carcinoma, or malignant extrare-
nal rhabdoid tumor.

. Although epithelioid sarcoma can be positive for CD34, this tumor lacks the

staining for CD31 or ERG seen in epithelioid angiosarcoma.

Both epithelioid sarcoma and carcinoma are positive for cytokeratins; however,
carcinomas typically have intact INI-1 nuclear expression and usually do not
express CD34.

Malignant extrarenal rhabdoid tumor has similar morphologic and immunohis-
tochemical features as the proximal variant of epithelioid sarcoma. However,
malignant extrarenal rhabdoid tumors typically occur in the pediatric population
and are negative for CD34.

Epithelioid sarcomas can metastasize to the lymph nodes as well as the lungs.
In one study 77% of tumors were found to recur and 45% metastasized. Tumors
that are more proximal and larger and have vascular invasion, mitosis, or necro-
sis are associated with more aggressive behavior [54].

Treatment primarily consists of radical excision or amputation and regional
lymph node dissection [9].
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12.12 Extrarenal Rhabdoid Tumor

Malignant extrarenal rhabdoid tumors are highly malignant soft tissue tumors that
are analogous to the rhabdoid tumors of the kidney or atypical teratoid/rhabdoid
tumors of the central nervous system [55]. These occur in the pediatric population,
particularly in the second decade of life, and often arise in the abdomen, pelvis,
retroperitoneum, and neck [12, 56]. Rarely, an affected patient can have a family
history or present with multiple rhabdoid tumors [57].

Pathology

Microscopically, the cells in this neoplasm have eosinophilic cytoplasmic globules
that have been described as having a “rhabdoid” appearance (Fig. 12.22). The tumor
cell nuclei are enlarged and vacuolated and contain prominent nucleoli.

Ancillary Studies

e Extrarenal rhabdoid tumors are positive for epithelial markers such as EMA and
cytokeratins.

* The cells consistently lose nuclear expression of INI-1 protein due to mutations
or deletions of the corresponding SMARCBI gene [58].

Differential Diagnosis
* Proximal variant of epithelioid sarcoma

e Pleomorphic rhabdomyosarcoma
e Carcinoma with rhabdoid features

RN A

Fig. 12.22 The cells of this extrarenal rhabdoid tumor have eosinophilic cytoplasm and large
vesicular nuclei with prominent nucleoli
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Comment

1. Extrarenal rhabdoid tumors must be distinguished from other soft tissue and
epithelial neoplasms which can have cells with a “rhabdoid appearance,” includ-
ing pleomorphic rhabdomyosarcoma, proximal variant of epithelioid sarcoma,
and various types of carcinoma with rhabdoid features.

2. Proximal variant of epithelioid sarcoma usually arises in young adults and can
express CD34 in about half of cases.

3. Pleomorphic rhabdomyosarcoma has highly anaplastic tumor cells with eosino-
philic cytoplasm, but these cells show myogenic differentiation by desmin.

4. Carcinomas, such as renal cell carcinoma, can have rhabdoid features. However,
there is often a more apparent residual epithelial element in a portion of the
tumor. Also, carcinomas usually retain nuclear expression of INI-1.

5. Extrarenal rhabdoid tumors are highly aggressive. Approximately 82% of
patients experience metastasis and 64% pass away after 19 months [56].

6. Treatment involves combinations of multiagent radiation and chemotherapy.
Unfortunately, the response to chemotherapy tends to be temporary [12].

12.13 Synovial Sarcoma

Synovial sarcoma is a malignant soft tissue neoplasm that can arise in younger and
older patients, with an average age of presentation of 35 years. Despite the name,
the tumor does not originate from the synovium but is frequently found adjacent to
major joint spaces in the proximal or distal extremities [59]. Numerous other ana-
tomic sites have been documented, including the head and neck, chest wall, and
abdominal, and thoracic cavity [60]. These tumors can grow at a deceivingly slow
rate, sometimes delaying appropriate diagnosis and treatment for years [60, 61].

Pathology

Synovial sarcomas are known to have three distinct morphologic patterns. The
biphasic type contains intersecting bundles of spindle cells and a second component
of epithelioid-like cells that can be arranged in a glandular-like architecture
(Fig. 12.23). The monophasic type contains only bundles of spindle cells (Fig. 12.24).
Poorly-differentiated synovial sarcoma manifests as sheets of cells that lack a glan-
dular or spindle cell arrangement (Fig. 12.25).

Ancillary Studies

* Synovial sarcomas are at least focally positive pancytokeratin or EMA, particu-
larly in the epithelioid-like areas, but also in the spindled component [62].

e TLE-1, a stain that highlights expression of a transcriptional corepressor protein,
is positive in synovial sarcoma [63].

* Synovial sarcoma exhibits one of two highly specific translocations resulting in
the creation of a SY7-SSX/ or SYT-SSX2 fusion transcript [64].
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Fig. 12.23 Synovial sarcoma with a biphasic appearance. The spindle cells merge with epitheli-
oid cells with a glandular appearance (arrow)

Fig. 12.24 Monophasic synovial sarcoma. This morphologic type is composed exclusively of
intersecting bundles of spindle cells

Differential Diagnosis

e The differential diagnosis of synovial sarcoma depends on the morphology type.
e Biphasic tumors with an epithelioid component must be distinguished from sar-
comatoid carcinoma or mesothelioma.
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Fig. 12.25 Poorly differentiated synovial sarcoma. The tumor cells lack either a glandular or
spindled architecture

e Monophasic tumors need to be separated from other tumors with a “spindled and
fascicular pattern,” such as malignant peripheral nerve sheath tumor, leiomyosar-
coma, solitary fibrous tumor, or fibrosarcoma.

e Poorly differentiated synovial sarcoma should be distinguished from other small
round blue cell neoplasms such as Ewing sarcoma.

Comments

1. Although the differential of synovial sarcoma is broad, the finding of a SY7-SSX1
or SYT-SSX2 fusion transcript differentiates synovial sarcoma from these histo-
logic mimics.

2. The 5-, 10-, and 15-year event-free survival of synovial sarcoma is 60%, 50%,
and 45%, respectively. Occurrence at an adult age, larger tumor size, and poorly
differentiated tumors have a worse prognosis [65, 66].

3. Synovial sarcomas are often treated with radical local excision and adjuvant che-
motherapy and/or radiotherapy [9].

12.14 Extraskeletal Myxoid Chondrosarcoma

Extraskeletal myxoid chondrosarcoma is a vaguely chondroid-like neoplasm that
occurs as a slow-growing deep subcutaneous or soft tissue mass in adults. It occurs
in the proximal extremities or trunk and most frequently arises in the sixth decade
of life. Males tend to be affected twice as often as females [67, 68].
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Pathology

Grossly, these tumors appear as multicystic lesions with substantial associated
gelatinous material. Microscopically, there is abundant background myxoid matrix
with strands and cords of neoplastic cells with characteristically eosinophilic cyto-

plasm (Fig. 12.26a, b).

Fig. 12.26 (a) Extraskeletal myxoid chondrosarcoma with strands and cords of cells in a myxoid
background. (b) The cells of this extraskeletal myxoid chondrosarcomas have a prominently eosin-
ophilic cytoplasm
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Ancillary Studies

Extraskeletal myxoid chondrosarcoma typically demonstrates a translocation
involving the NR4A3 gene.
Fusion transcripts include NR4A3-EWSR1, NR4A3-TAF 15, or NR4A3-TCF12 [9, 69].

Differential Diagnosis

Myxoid liposarcoma
Myxofibrosarcoma
Conventional chondrosarcoma

Comment

. Extraskeletal myxoid chondrosarcoma lacks the delicate thin-walled capillaries

or aberrations of the DDIT3 gene found in myxoid liposarcoma.

. Extraskeletal myxoid chondrosarcoma does not exhibit the curvilinear vessels or

hyperchromatic cells noted in myxofibrosarcoma.

. Correlation with the radiologic findings is necessary to exclude soft tissue exten-

sion of a conventional chondrosarcoma.

This is a malignant tumor. Approximately 35-50% of patients experience local
recurrence, and 25-50% encounter distant metastasis.

The 10-year overall survival rate is 70% [12].

Larger tumor size (greater than 10 cm), increased mitotic activity (greater than
2 per 10 hpf), high cellularity, and anaplasia or rhabdoid features are associated
with more aggressive behavior.

Extraskeletal myxoid chondrosarcoma is treated with wide excision and possible
adjuvant radiation therapy [70].

12.15 Undifferentiated High-Grade Pleomorphic Sarcoma

Previously designated as “malignant fibrous histiocytoma (MFH),” undifferentiated
high-grade pleomorphic sarcoma is common among soft tissue malignancies. This
classification likely encompasses multiple entities in which the current lack of spe-
cific morphologic, immunohistochemical, or genetic findings precludes a more
definitive diagnosis. They often arise in older adults as a large painless mass in the
thigh or upper extremity.

Pathology

Microscopically, these tumors demonstrate a wide range of appearances. Highly
pleomorphic cells are arranged in varying patterns with numerous mitoses and areas
of necrosis (Figs. 12.27 and 12.28). Bizarre giant cells, background myxoid stroma,
or inflammation can be present.
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Fig. 12.28 Undifferentiated high-grade pleomorphic sarcoma with bizarre-appearing tumor cells
with both epithelioid and spindled appearances

Ancillary Studies

e By definition, these tumors do not have a defining immunohistochemical or
genetic finding which allows for classification as another soft tissue neoplasm.
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Differential Diagnosis

e Dedifferentiated liposarcoma

¢ Pleomorphic leiomyosarcoma or rhabdomyosarcoma
¢ Pleomorphic liposarcoma

e High-grade myxofibrosarcoma

e Poorly differentiated carcinoma

e Anaplastic lymphoma

e Melanoma

Comment

1. Undifferentiated high-grade pleomorphic sarcoma must be distinguished from
other tumors that have bizarre tumor cells, such as melanoma, carcinoma, or
lymphoma.

2. In the retroperitoneum, dedifferentiated liposarcoma can mimic an undifferenti-
ated high-grade pleomorphic sarcoma. However, undifferentiated high-grade
pleomorphic sarcoma lacks the MDM?2 gene amplification found in dedifferenti-
ated liposarcoma.

3. The lack of myogenic staining (e.g. desmin) helps exclude pleomorphic myo-
genic tumors.

4. Pleomorphic liposarcoma can be excluded by the lack of lipoblasts.

5. Over a 5-year period, a third of undifferentiated high-grade pleomorphic sarco-
mas will recur or metastasize.

6. Given the aggressive nature of these tumors, wide excision with adjuvant radia-
tion therapy is administered.

7. The 5-year event-free survival is approximately 70% [71].
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13.1 Introduction

The gastrointestinal tract (GI) can be affected by many of the same soft tissue neo-
plasms that involve other parts of the body, such as leiomyosarcoma, leiomyoma,
schwannoma, and perineurioma. A few soft tissue neoplasms, however, are unique
to the gastrointestinal tract. Of these, gastrointestinal stromal tumor is one of the
most common. This tumor emanates from the interstitial cells of Cajal that normally
coordinate peristalsis for digestion.

13.2 Gastrointestinal Stromal Tumor

On average, gastrointestinal stromal tumors (GISTs) arise in the sixth decade of
life, but can be found in patients in all ages, including children. The annual inci-
dence of these tumors is 1.1 per 100,000 people [1]. They can occur anywhere
along the enteric tract, but most frequently arise within the wall of the stomach and
small bowel [2]. Presenting symptoms include GI bleeding, anemia, or bowel
obstruction [3].

These tumors are usually sporadic, but can arise in association with various syn-
dromes, which should be suspected if multiple lesions are identified or if the affected
patient is particularly young. Associated syndromes include Carney triad (paragan-
glioma, pulmonary chondroma, gastrointestinal stromal tumor), Carney-Stratakis
syndrome (paraganglioma and gastrointestinal stromal tumor), familial gastrointes-
tinal stromal tumors, and neurofibromatosis [4-6].

Pathology

On gross examination, GISTs are usually fibrous masses in the wall or serosa of the
bowel that measure several centimeters in size (Fig. 13.1). Microscopically, they
typically show bundles of spindle cells with varying cellularity (Fig. 13.2). Nuclear
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Fig. 13.1 Gastrointestinal stromal tumor arising in the wall of the stomach. The overlying gastric
epithelium is uninvolved

Fig. 13.2 Gastrointestinal stromal tumor with bundles of relatively bland spindle cells

palisading or perinuclear vacuolization can be identified (Figs. 13.3 and 13.4). The
tumor cells can also be epithelioid in appearance (Figs. 13.5 and 13.6).

Ancillary Studies

* Gastrointestinal stromal tumors are positive for cKIT (CD117) or DOG1 immu-
nohistochemical stains [7].
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Fig. 13.4 The spindle cells have clear vacuoles adjacent to the elongated nuclei

e Approximately 80% of GISTs will harbor a mutation in the KIT gene and 7%
will harbor a mutation in the PDGFRA gene [8].

e GISTs that show no mutation in KIT or PDGFRA have been termed “wild-type”
GISTs. These GISTs are still positive for cKIT and/or DOG1 immunohisto-
chemical stains.

*  Wild-type GISTs disproportionately occur in children and are often associated
with Carney-Stratakis syndrome, Carney Triad, or neurofibromatosis [9].
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Fig. 13.5 This epithelioid appearing gastrointestinal stromal tumor exhibits tumor cells arranged
in a vaguely nested architecture

Fig. 13.6 The cells are more rounded and could be mistaken for epithelioid malignancies like
carcinoma

Differential Diagnosis
¢ Leiomyoma

e Schwannoma
e Inflammatory fibroid polyp
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Comments

1. Gastrointestinal stromal tumor is usually distinguished from other spindle cell
tumors in the GI tract by positive staining for CD117 or DOGI.

2. Gastrointestinal stromal tumors have a wide range of behaviors and are capable
of recurrence and metastasis [10].

3. Studies have demonstrated that tumor size, mitoses, and site of occurrence can
stratify GISTs into very low-, low-, intermediate-, and high-risk categories for
risk of metastasis or tumor-related death [11-13].

4. Moderate-risk tumors have a 10-24% risk of progressive disease, while high-
risk tumors have a 34-90% risk of progressive disease [13].

5. The primary treatment is complete surgical resection. As recurrence can occur
decades after the original tumor resection, long-term follow-up is needed.

6. Recurrent or metastatic GISTs generally respond to imatinib mesylate, which
targets the mutated KIT or PDGFRA tyrosine kinase receptors on tumor cells.

7. The location of the PDGFRA or KIT mutation can help predict the patient’s
response to imatinib and prognosis [8].

8. GISTs with mutations in exon 11 respond well to imatinib, while tumors with
mutations in exon 9 require an increased dose for optimum response [14].

9. Approximately half of patients treated with imatinib will develop resistance
within 2 years of treatment. These patients can be given second line tyrosine
kinase inhibitors such as sunitinib [15].

References

1. Tryggvason G, Gislason HG, Magnusson MK, Jonasson JG. Gastrointestinal stromal tumors
in Iceland, 1990-2003: the icelandic GIST study, a population-based incidence and pathologic
risk stratification study. Int J Cancer. 2005;117(2):289-93.

2. Emile JF, Brahimi S, Coindre JM, Bringuier PP, Monges G, Samb P, et al. Frequencies of KIT
and PDGFRA mutations in the MolecGIST prospective population-based study differ from
those of advanced GISTs. Med Oncol. 2012;29(3):1765-72.

3. Hornick JL, editor. Practical soft tissue pathology: a diagnostic approach. 1st ed. Philadelphia:
Saunders; 2013.

4. Miettinen M, Fetsch JF, Sobin LH, Lasota J. Gastrointestinal stromal tumors in patients with
neurofibromatosis 1: a clinicopathologic and molecular genetic study of 45 cases. Am J Surg
Pathol. 2006;30(1):90-6.

5. Nishida T, Hirota S, Taniguchi M, Hashimoto K, Isozaki K, Nakamura H, et al. Familial
gastrointestinal stromal tumours with germline mutation of the KIT gene. Nat Genet.
1998;19(4):323-4.

6. Stratakis CA, Carney JA. The triad of paragangliomas, gastric stromal tumours and pulmo-
nary chondromas (Carney triad), and the dyad of paragangliomas and gastric stromal sarco-
mas (Carney-Stratakis syndrome): molecular genetics and clinical implications. J Intern Med.
2009;266(1):43-52.

7. Miettinen M, Wang ZF, Lasota J. DOGI antibody in the differential diagnosis of gastrointesti-
nal stromal tumors: a study of 1840 cases. Am J Surg Pathol. 2009;33(9):1401-8.

8. Hornick JL, editor. Practical soft tissue pathology: a diagnostic approach. Philadelphia:
Saunders; 2013.



202 13 Gastrointestinal Stromal Tumor

9. Patil DT, Rubin BP. Genetics of gastrointestinal stromal tumors: a heterogeneous family of
tumors? Surg Pathol Clin. 2015;8(3):515-24.

10. Miettinen M, Sobin LH, Lasota J. Gastrointestinal stromal tumors of the stomach: a clinico-
pathologic, immunohistochemical, and molecular genetic study of 1765 cases with long-term
follow-up. Am J Surg Pathol. 2005;29(1):52—-68.

11. Joensuu H. Risk stratification of patients diagnosed with gastrointestinal stromal tumor. Hum
Pathol. 2008;39(10):1411-9.

12. Joensuu H, Vehtari A, Riihimaki J, Nishida T, Steigen SE, Brabec P, et al. Risk of recurrence of
gastrointestinal stromal tumour after surgery: an analysis of pooled population-based cohorts.
Lancet Oncol. 2012;13(3):265-74.

13. Miettinen M, Lasota J. Gastrointestinal stromal tumors: pathology and prognosis at different
sites. Semin Diagn Pathol. 2006;23(2):70-83.

14. Debiec-Rychter M, Sciot R, Le Cesne A, Schlemmer M, Hohenberger P, van Oosterom AT,
et al. KIT mutations and dose selection for imatinib in patients with advanced gastrointestinal
stromal tumours. Eur J Cancer. 2006;42(8):1093-103.

15. Heinrich MC, Maki RG, Corless CL, Antonescu CR, Harlow A, Griffith D, et al. Primary and
secondary kinase genotypes correlate with the biological and clinical activity of sunitinib in
imatinib-resistant gastrointestinal stromal tumor. J Clin Oncol. 2008;26(33):5352-9.



Erratum to: Vascular Lesions

Nooshin K. Dashti

Erratum to:
Chapter 10 in: K. Perry, Soft Tissue Pathology for Clinicians,
Pathology for Clinicians, DOl 10.1007/978-3-319-55654-3_10

Chapter 10 titled “Vascular Lesions”, was inadvertently published without the
author’s name, Nooshin K. Dashti. This has now been corrected in the Chapter
and the Table of Contents.

The updated online version of this chapter can be found at
https://doi.org/10.1007/978-3-319-55654-3_10

© Springer International Publishing AG 2017 E1
K. Perry, Soft Tissue Pathology for Clinicians, Pathology for Clinicians,
DOI 10.1007/978-3-319-55654-3_14


https://doi.org/10.1007/978-3-319-55654-3_10

Index

A

Abdominal fibromatosis, 60

Accuracy, 4

Adipocytes, 29-31, 35, 36

Adipocytic tumors, 12

Adult-type fibrosarcoma, 7678

AIDS-related Kaposi sarcoma, 139

Alcoholism, 59

ALK, 66, 67

ALK immunohistochemical stain, 66

Alveolar/embryonal rhabdomyosarcoma, 23

Alveolar rhabdomyosarcoma, 115, 116

Alveolar soft part sarcoma, 173-175

American Joint Committee on Cancer
(AJCC), 23

Anmilial gastrointestinal stromal tumors, 197

Aneurysmal fibrous histiocytoma, 81

Angiolipoma, 31-33

Angiomyolipoma, 180

Angiosarcoma, 148—152

Angiosarcoma of the breast, 148

Anti-CAMTAL, 143, 145

Antoni A areas, 123

Antoni B areas, 123

Arrhythmia, 109, 112

Arteries, 139

ASPSCRI1-TFE3, 173

Atypical lipomatous tumor/well-differentiated
liposarcoma, 37-39

Atypical teratoid/rhabdoid tumors of the
central nervous system, 185

Axons, 123, 126, 128

B

Benign, 2,4, 6

Benign vascular lesions, 139
Beta-catenin, 57

Bilateral vestibular schwannomas, 126

© Springer International Publishing AG 2017

Botryoid variant of embryonal
rhabdomyosarcoma, 113, 115, 120
Brown fat, 35, 45

C

café-au-lait spots of the skin, 126
Cardiac dysfunction, 109

Cardiac thabdomyoma, 109, 110
Carney-Stratakis syndrome, 197
Carney syndrome, 165

Carney triad, 197

Cartilaginous tumors, 12

CDKA4, 31, 38, 40

Cellular fibrous histiocytoma, 81
Chondroid, 12, 13, 17, 155
Chromosomal analysis, 15
Chromosomal karyotyping, 15
Cigar-shaped, 94

Classification, 1-3, 6

Clear Cell Sarcoma of Soft Tissue, 175-176
COLIAL, 69

College of American Pathology, 27
Congenital/infantile fibrosarcoma, 70, 71
Congenital mesoblastic nephroma, 70
Consumptive thrombocytopenia, 145
Crizotinib, 67

Cryostat, 19, 20

CTNNBI, 61

Culture, 15

Curvilinear vessels, 74

Cutaneous angiosarcoma, 148, 152
Cutaneous leiomyoma, 97-99
Cutaneous leiomyosarcomas, 101

D
DDIT, 43
Dedifferentiated liposarcoma, 40, 41

203

K. Perry, Soft Tissue Pathology for Clinicians, Pathology for Clinicians,

DOI 10.1007/978-3-319-55654-3



204

Index

Deep (desmoid-type) fibromatosis, 60-62

Deep fibrous histiocytoma, 84

Deep leiomyoma, 99-101

Deep leiomyosarcoma, 103—-105

Dermatofibroma, 81

Dermatofibrosarcoma protuberans (DFSP),
67-70

Desmin, 97

Desmoplastic small round cell tumor, 179

Diabetes mellitus, 54, 59

Diagnostic comment, 27

Differentiation score, 23

Diffuse neurofibroma, 129

DOGI, 198

E
Elastin fibers, 55, 57-59
Elastofibroma, 57-59
Embryonal rhabdomyosarcoma, 112, 113
Endemic (African) Kaposi sarcoma, 139
Endothelial cells, 150
Eosinophilic granular/vacuolated
cytoplasm, 35
Epidermal inclusion cysts, 56
Epithelioid hemangioendothelioma, 143
Epithelioid sarcoma, 182
Epithelioid tumors, 7
Erythrocytes, 145
ETV6-NTRK3, 70, 71
Ewing sarcoma, 10, 177
EWS, 43
EWSRI, 170, 177
EWSRI1-ATF1, 175
EWSRI-CREBI, 175
EWSRI-ERG, 177
EWSRI-WTI, 179
Extra-abdominal fibromatosis, 60
Extrarenal rhabdoid tumor, 185—-186
Extraskeletal chondroma
diagnosis, 156
pathology, 155
Extraskeletal mesenchymal
chondrosarcoma, 158
Extraskeletal myxoid chondrosarcoma, 188
Extraskeletal osteosarcoma, 13, 160
diagnosis, 160
pathology, 160

F

Familial adenomatous polyposis, 56, 57, 60, 77
Familial syndromes, 4, 6
Fascicular/herringbone pattern, 7

Fascicular pattern, 9

Fasciectomy/aponeurosectomy, 60

Fat necrosis, 29, 31, 39

Fetal rhabdomyoma, 111

Fibroblastic cells, 50

Fibroblasts, 49

Fibroma of tendon sheath, 53, 54

Fibrosarcomatous variant of
dermatofibrosarcoma protuberans, 68,
69, 76

Fibrous dysplasia, 163

Fibrous histiocytoma, 69, 81-85

Final diagnosis, 27

FLI-1, 177

Floret cells, 33

Fluorescence in situ hybridization, 18

FNCLCC grading system, 24

Foamy cytoplasm, 81

French Federation of Cancer Centers Sarcoma
Group (FNCLCC), 23

Fresh tumor tissue, 15

Frozen section procedure, 18

Frozen tissue, 19

Fumarate hydratase gene, 97

FUS, 43

FUS-CREB3LI, 73

FUS-CREB3L2, 73

G
Ganglion-like cells, 50, 52
Gardner-associated fibroma, 56, 57
Gardner syndrome, 56
Gastrointestinal stromal tumors (GISTs)
diagnosis, 200
pathology, 197
Gastrointestinal tract, 197
Genital leiomyomas, 97
Genital rhabdomyoma, 112
Giant cell tumor of the tendon sheath, 87
Gliomas, 126
Glomangioma, 93
Glomus
body, 93
cells, 94
neoplasm, 97
tumors, 93
Glomuvenous malformation, 93
GLUT-1, 47, 48
GNASI, 163
Grade, 23-25, 27
Granular cell tumor, 133-135
Gross examination, 25, 27
Gynecologic leiomyomas, 100



Index

205

H

HAART therapy, 143, 154

h-caldesmon, 95

Hematoxylin and eosin (H&E), 7

Hemosiderotic fibrolipomatous tumor (HFLT),
167, 168, 170

Hereditary leiomyomatosis and renal cell
cancer syndrome (HLRCC), 97

HEY1-NCOAZ2, 158

Hibernoma, 35-36

Histologic grade, 1

HIV epidemic, 139

HMBA2, 29

Human herpes virus 8 (HHV-8), 139, 142,
143, 147, 148, 152

Hypoglycemia, 62

I

Iatrogenic (transplantation-related) Kaposi
sarcoma, 139

Immunohistochemical staining, 15, 16

Immunohistochemistry, 15, 16

Infantile fibrosarcoma, 70, 71

Inflammatory myofibroblastic tumor, 65-67

INI-1, 182

Insulin growth factor, 62

Intermediate (locally aggressive), 2-3

Intermediate (rarely metastasizing), 2, 3

Intra-abdominal fibromatosis, 60

Intramuscular myxoma, 163-165

Intraoperative consultation, 18-21

Ischemic fasciitis, 50

J

Juvenile xanthogranuloma, 85

K

Kaposiform hemangioendothelioma, 145
Kaposi sarcoma, 139

Karyotyping, 15, 18

Kasabach-Merritt syndrome, 145

KIT, 199

L

Labeled, 4

Latency-associated nuclear antigen
(LANA-1), 142

Leiomyoma, 97, 200

Leiomyoma of the extremity, 100

Leiomyosarcoma, 3

Lipoblastoma, 36, 37
Lipoblasts, 30, 36, 37, 42, 44
Lipoma, 29-31, 39

intramuscular lipomas, 31
Lipomatous tumors, 29—45
Lisch nodules, 126
Low-grade fibromyxoid sarcoma,

71-74

Lymphangiomyoma, 180
Lymphatics, 139
Lymphomas, 9

M

Malignant, 24, 6

Malignant fibrous histiocytoma
(MFH), 190

Malignant myoepithelioma, 170

Malignant peripheral nerve sheath tumor,
135-137

Margin, 4, 5

Mazabraud syndrome, 163

Mediastinum/spermatic cord, 37

Meningiomas, 126

MGEAS, 167

Microscopic examination, 27

Mitotic score, 23

Mohs micrographic surgery, 69

M stage, 25

mTOR inhibitors, 182

MUC4, 73

MYC, 150

Myelin, 123

MyoDl, 113, 116, 119, 120

Myoepithelioma, 169-171

Myofibroblasts, 49

Myofilaments, 109

Myogenin, 109, 113, 116, 119

Myxofibrosarcoma, 74-76

Myxoid liposarcoma, 11, 41-43

Myxoid malignant fibrous histiocytoma, 74

Myxoid tumors, 11

N

Necrosis score, 23

Needle core biopsies, 4-6

Neoadjuvant therapy, 25

Neural and nerve sheath lesions
neurofibroma, 126—130
schwannoma, 123

Neuroendocrine carcinomas, 9

Neurofibroma, 126

Neurofibroma adjacent adipose tissue, 129



206

Index

Neurofibromatosis, 197

type 1, 126

type 2, 126
NF1, 126
NF2, 126

Nodular fasciitis, 49

Normal smooth muscle, 3
NR4A3, 190
NR4A3-EWSRI1, 190
NR4A3-TAF15, 190
NR4A3-TCF12, 190

N stage, 25

Nuchal-type fibromas, 54-56

(0}

Optic gliomas, 126

Orientation, 4, 6

Osseous tumors, 12

Ossifying fibromyxoid tumors, 171
Osteoid, 12, 13

Osteomas, 56

P

Palmar fibromatosis, 59
Paraffin block, 5
Pathologic stage, 25, 27

Pathology and Genetics of Tumours of Soft

Tissue and Bone, 1
Pathology report, 25, 27
Patternless pattern, 62
PAX3-FOXO0I1A, 116, 118, 120
PAX7-FOXO01, 116, 118, 120
PBX1, 170
PDGFB, 69
PDGFRA, 199
PEComa, 180-182
Penile fibromatosis, 59
Perineurioma, 130-132
Perineurium, 123
Peripheral nerves, 123
Perivascular epithelioid cell neoplasms
(PEComas), 180
Perivascular tumors, 93
Peroxidase, 15
Peyronie disease, 59
PHFI, 171
Pigmented villonodular tenosynovitis
(PVNS), 89
Pilar leiomyomas, 97
PLAG, 37
Plantar fibromatosis, 59
Pleomorphic liposarcoma, 2, 43—45

Pleomorphic rhabdomyosarcoma,
118, 119
Pleomorphic tumors, 10
Plexiform neurofibroma, 128
Poorly differentiated carcinomas, 8
Postirradiation angiosarcoma,
148, 152
POUSFI, 170
Proliferative fasciitis, 50
Proximal-type epithelioid sarcoma, 182
Pseudoepitheliomatous hyperplasia, 133
Pulmonary clear cell sugar tumor, 180

R

Radiation therapy, 148, 152

Requisition form, 4, 6

Resection, 4, 5

Retroperitoneal fibrosis, 62

Retroperitoneal leiomyosarcomas, 103

Reverse transcriptase polymerase chain
reaction (RT-PCR), 18

Rhabdoid tumors of the kidney, 185

Rhabdomyoblast, 114

Round cell tumors, 8

S
Sacral plexus, 135
Schwann cells, 123
Schwannoma, 123-126, 200
Secretory carcinoma of the breas, 70
Skeletal muscle cells, 110
Skeletal muscle tumors
diagnosis, 111
pathology, 109
rhabdomyomas, 109
SMARCBI, 185
Smooth muscle, 93
actin, 97, 100, 101, 104
tumors, 93, 101
Soft tissue chondroma, 157
Soft tissue pathology, 1
classification, 1, 3
diagnosis, 27
patient and specimen identifiers, 27
synoptic report, 27
Soft tissue tumors, 17
Solitary fibrous tumor, 62-65
Solitary xanthogranuloma, 85-87
SOX-9, 158
Spider cells, 109, 110
Spindle cell lipoma, 32-34

Spindle cell/pleomorphic lipomas, 33, 34, 45



Index 207
Spindle cell tumors, 7 U

storiform, 7 Ultrasound guided needle core
STAT6, 63, 64 biosies, 4
STAT6 immunohistochemical stain, 63 Undifferentiated high-grade pleomorphic
Stewart-Treves syndrome, 148 sarcoma, 190-192
Storiform pattern, 67 USP6 mutation, 50
Superficial angiomyxomas, 165

diagnosis, 166
Superficial fibromatosis, 59, 60 \%
Synovial sarcoma, 186—188 Vascular lesion, 139152
SYT-SSX1, 186 Vascular tumors, 12
SYT-SSX2, 186 Veins, 139

Verhoeff elastin stain, 57
Verocay bodies, 123

T
1(2;13), 116
t(7;16), 73 w
t(11;16), 73 Well-differentiated liposarcoma,
t(12;15), 70 38, 39
Tenosynovial giant cell tumor World Health Organization Classification of

diffuse type, 87-91 Tumours, 1

localized type, 87-90
TFE3, 173
TGFBR3, 167
Tissue culture, 49
Tissue paper, 5
TNM, 25
Touton giant cells, 85-87
T stage, 25
Tuberous sclerosis, 109, 112

WWTRI-CAMTAL, 143

Y
YAPI1-TFE3, 143

Z
ZNF444, 170



	Dedication
	Preface
	Contents
	1: Critical Concepts in Soft Tissue Pathology
	1.1	 General Principles of Classification
	1.2	 Acquisition, Handling, and Processing of Soft Tissue Specimens
	References

	2: Histologic Examination and Ancillary Studies in Soft Tissue Pathology
	2.1	 Pathologist Approach to Diagnosis
	2.2	 Diagnostic Ancillary Studies
	2.2.1	 Immunohistochemistry
	2.2.2	 Karyotyping
	2.2.3	 Molecular Fluorescence In Situ Hybridization
	2.2.4	 Reverse transcription PCR

	2.3	 Intraoperative Consultation
	References

	3: Grading, Staging, and Reporting of Soft Tissue Tumors
	3.1	 Assigning a Pathologic Grade to Soft Tissue Tumors
	3.2	 Assigning a Pathologic Stage to Soft Tissue Tumors
	3.3	 Interpreting a Soft Tissue Pathology Report
	References

	4: Lipomatous Tumors
	4.1	 Lipoma
	4.2	 Angiolipoma
	4.3	 Spindle Cell/Pleomorphic Lipoma
	4.4	 Hibernoma
	4.5	 Lipoblastoma
	4.6	 Atypical Lipomatous Tumor/Well-Differentiated Liposarcoma
	4.7	 Dedifferentiated Liposarcoma
	4.8	 Myxoid Liposarcoma
	4.9	 Pleomorphic Liposarcoma
	References

	5: Fibroblastic/Myofibroblastic Tumors
	5.1	 Nodular Fasciitis and Similar Lesions
	5.2	 Fibroma of Tendon Sheath
	5.3	 Nuchal-Type Fibroma
	5.4	 Gardner-Associated Fibroma
	5.5	 Elastofibroma
	5.6	 Superficial Fibromatosis
	5.7	 Deep (Desmoid-Type) Fibromatosis
	5.8	 Solitary Fibrous Tumor
	5.9	 Inflammatory Myofibroblastic Tumor
	5.10	 Dermatofibrosarcoma Protuberans
	5.11	 Congenital/Infantile Fibrosarcoma
	5.12	 Low-Grade Fibromyxoid Sarcoma
	5.13	 Myxofibrosarcoma
	5.14	 Adult-Type Fibrosarcoma
	References

	6: Fibrohistiocytic Lesions
	6.1	 Fibrous Histiocytoma
	6.2	 Solitary Xanthogranuloma
	6.3	 Tenosynovial Giant Cell Tumor, Localized Type
	6.4	 Tenosynovial Giant Cell Tumor, Diffuse Type
	References

	7: Smooth Muscle and Perivascular Tumors
	7.1	 Glomus Tumor
	7.2	 Cutaneous Leiomyoma
	7.3	 Deep Leiomyoma
	7.4	 Cutaneous Leiomyosarcoma
	7.5	 Deep Leiomyosarcoma
	References

	8: Skeletal Muscle Tumors
	8.1	 Rhabdomyoma
	8.2	 Embryonal Rhabdomyosarcoma
	8.3	 Alveolar Rhabdomyosarcoma
	8.4	 Pleomorphic Rhabdomyosarcoma
	References

	9: Neural and Nerve Sheath Lesions
	9.1	 Schwannoma
	9.2	 Neurofibroma
	9.3	 Perineurioma
	9.4	 Granular Cell Tumor
	9.5	 Malignant Peripheral Nerve Sheath Tumor
	References

	10: Vascular Lesions
	10.1	 Kaposi Sarcoma
	10.2	 Epithelioid Hemangioendothelioma
	10.3	 Kaposiform Hemangioendothelioma
	10.4	 Angiosarcoma
	References

	11: Cartilaginous and Osseous Tumors of Soft Tissue
	11.1	 Extraskeletal Chondroma
	11.2	 Extraskeletal Mesenchymal Chondrosarcoma
	11.3	 Extraskeletal Osteosarcoma
	References

	12: Tumors of Uncertain Differentiation
	12.1	 Intramuscular Myxoma
	12.2	 Superficial Angiomyxoma
	12.3	 Hemosiderotic Fibrolipomatous Tumor
	12.4	 Myoepithelioma of Soft Tissue
	12.5	 Ossifying Fibromyxoid Tumor
	12.6	 Alveolar Soft Part Sarcoma
	12.7	 Clear Cell Sarcoma of Soft Tissue
	12.8	 Extraskeletal Ewing Sarcoma
	12.9	 Desmoplastic Small Round Cell Tumor
	12.10	 PEComa (and Similar Neoplasms)
	12.11	 Epithelioid Sarcoma
	12.12	 Extrarenal Rhabdoid Tumor
	12.13	 Synovial Sarcoma
	12.14	 Extraskeletal Myxoid Chondrosarcoma
	12.15	 Undifferentiated High-Grade Pleomorphic Sarcoma
	References

	13: Gastrointestinal Stromal Tumor
	13.1	 Introduction
	13.2	 Gastrointestinal Stromal Tumor
	References

	Erratum to: Vascular Lesions
Nooshin K. Dashti
	Index

