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Case histories 

Case 1 - Accession 30451 
49-year-old male with a 4.5-cm left shoulder mass. 

Case 2 - Accession 30592 

Soft 'Tissue Diagnos1s by 
Pattern Recognition 

75-year-old male with a 15-cm right perirenal mass weighing approximately 500 grams. 

Case 3 - Accession 30517 
60-year-old female with a "large" retroperitoneal mass 

Case 4 - Accession 30188 
60-year-old female with a 6.5 x 3.5 em 70-gram thigh mass. 

Case 5 - Accession 305 18 
15-year-old boy with a deeply situated 4.6-cm mass of the calf region, present for at least four 
years and slowly growing. 

Case 6 - Accession 30603 
50-year-old female with a 5.0-cm deeply situated mass near the popliteal fossa. 

Case 7 - Accession 30589 
78-year-old woman with an ill-defined 9-cm mass in the soft tissues overlying thdeft hip region. 

<::ase 8 - Accession 30519 
45-year-old female with a 7-cm well-circumscribed retroperitoneal mass with erosion of an 
adjacent vertebral body. 

Case 9 - Accession 30524 
37-year-old male with an 8-cm intramuscular mas.s of the distal right thigh. 

Case 10 - Accession 29768 
A 41-year"old male presented with a recurrent 6.5-cm mass in the right upper back. The initial 
mass was excised five years previously. 

Case 1 I - Accession 30520 
4-year-old female with an ill-defined 4-cm nodule on the anterior chest wall. 

Case 12 - Accession 30462 
A 46-year-old female presented to the emergency room with complaints of abdominal pain and 
feeling of fullness after meals. She also noted an increasing abdoininal girth. CT .scan of the 
abdomen and pelvis revealed a 25-cm pelvic mass, which was resected. 



Case lllstories 

Case 13 - Accession 30522 
17-year-old male with a 15-cm intra-abdominal mass. 

Case 14 - Accession 30174 
75-year-old male with a 23-cm mass in the right buttock region. 

Case 15 - Accession 30211 
52-year-old female with a +em_ gastric mass. 

Case 16 - Accession 30423 
69•year-old male with a 1 0-cm jejunal mass. 
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Cases 1-3 

Well-differentiated li.pomatous tumors 

Case 1: 49-year-old male with a 4.5-cm left shoulder mass. 

Diagnosis: Pleomorphic lipoma 

Case 2: 75-year-old male with a 15-cm right perirenal mass weighing approximately 500 
grams. 

Diagnosis: Atypical lipomatous tumor (well-differentiated liposarcoma) 

Case 3: 60-year-old female with a "large" retroperitoneal mass 

Diagnosis: Dedifferentiated liposarcoma (high-grade) 

Discussion : 

These flrst three cases represent the spectrum of lipomatous tumors that frequently come 

across the desk of a surgical pathologist. Unfortunately, the nomenclature of 

differentiated lipomatous tumors has been fraught with confusion, and a variety of terms 

have been employed for the same lesion. Before 1979, well-differentiated lipomatous 

tlimors characterized by atypical stromal cells intermingled with mature fat and variable 

numbers of lipoblasts were all designated as well-differentiated liposarcomas (WDL), 

whether they were found in the subcutaneous tissue, the deep soft tissues of the 

extremity, or the retroperitoneum.1 However, in 1979, Evans et a/ proposed a change in 

nomenclature because of the variability of clinical behavior depending on site2 These 

authors evaluated 30 well-differentiated lipomatous lesions, all of which were 

histologically similar but varied according to site. Nine cases were found within the 

subcutaneous tissue, and none of these cases recurred, dedifferentiated (to be discussed 

below), metastasized, or resulted in patient death. Of 13 lesions in the deep soft tissue 

(intramuscular) of the extremities, 9 cases (69%) recurred, although similar to the 

subcutaneous lesioll!l, none dedifferentiated, metastasized, or resulted in patient death. 

Of the ~ retroperitoneal lesions, 5 rec.urred (62%), and although none of the cases 
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dedifferentiated or metastasized, 3 patients (37%) died of their disease. Based upon this 

data, Evans et al proposed that the lesions in the subcutaneous tissue be called "atypical 

lipoma," and the intramuscular extremity lesions be called "atypical intramuscular 

lipoma," given their tack of associated morbidity or mortality. However, he proposed 

that the term "well-differentiated liposarcoma" be retained for histologically identical 

lesions of the re.troperitoneum, given their propensity to recur and occasionally result in 

patient death. 

In 1987, Azumi and colleagues performed a similar study on 69 well

differentiated lipomatous lesions? Similar to Evans' study, none of the I 7 subcutaneous 

lesions recurred, dedifferentiated, metastasized, or resulted in patient death. Although 

29% (7 /3 1 cases) of the deep soft tissue lesions recurred, none resulted in significant 

morbidity or mortality. Of 21 retroperitoneal lesions, 14 recurred (67%) and 5 

dedifferentiated (23%). Although none of the cases metastasized, 9 patients ( 43%) died 

of disease. Thus, these authors proposed that the subcutaneous and deep soft tissue 

lesions be called "atypical lipoma" and opted to retain the term "well-differentiated 

liposarcoma" for the retroperitoneal lesions. 

In 1992, Weiss and Rao re-analyzed a large group of well-differentiated 

lipomatous tumors with a minimum follow-up of 2 years, and found that behavior was 

strongly influenced by location, with retroperitoneal lesions having the worst prognosis, 

deep soft tissue lesions having the best prognosis, and inguinal lesions having a prognosis 

in between.4 Although their data. on retroperitoneal lesions is similar to the other studies 

(recurrence rate: 91%; dedifferentiation: 17%; metastasis: 17%; death due to disease: 

33%), 3 of 46 cases from the deep soft tissue of the extremities (6%) showed areas of 

dedifferentiation. These authors concluded that dedifferentiation is not a site-dependent, 

but rather a time-dependent phenomenon, and is observed in locations with a high 

likelihood of clinical persistence of disease. Thus, they recommend the use of the term 

"well-differentiated liposarcoma" for lesions in all locations, except those located in the 

subcutis, which are usually easily cured at initial excision and do not have the 

opportunity to dedifferentiate. They proposed the term "atypical lipoma" for these 

subcutaneous lesions. Finally, some have proposed referring to all of these lesions as 

"atypical lipomatous tumors," regardless of site. The most important aspect to this 
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discussion is the communication that occurs between the pathologist and the surgeon, 

prompting appropriate excision of the lesion (complete excision with tumor-free margins, 

if possible). 

Case 1 is an example of a pleomorphic lipoma. In 1981, Shmookler and Enzinger 

described 48 cases of a lipomatous lesion characterized by mature adipose tissue admixed 

with bizarre, pleomorphic, multinucleated giant cells. 5 Many of these bizarre cells had a 

floret-like arrangement of nuclei, and were often associated with interlacing bundles of 

dense collagen. 83% of these lesions occurred in males, with a mean age of 57 years, and 

78% of the cases occurred either on the shoulder, neck or back. None of the cases 

recurred, confuming the clinical benignancy of this lesion. Thus, pleomorphic lipoma is 

a unique variant of lipoma occurring in a particular clinicopathologic setting; that is, a 

well-cireumscribed lesion in the subcutis of a middle-aged or elderly male in the 

shoulder, neck or back region. 

Grossly, pleomorphic lipomas are typically well circumscribed and are sharply 

demarcated from the adjacent mature adipose tissue. Although the average size of this 

tumor is close to 4.0 em, they may be significantly larger (up to 12 em). Histologically, 

this lesion is characterized by multinucleated floret cells with a wreath-like arrangement 

of hyperchromatic nuclei. These cells are admixed with mature lipocytes and dense, 

birefringent collagen fibers. Occasionally, there is a prominent myxoid stroma composed 

primarily of hyaluronic acid. Lipoblast-like cells have been described in up to 50% of 

cases. Thus, this tumor does have overlapping features with ALTIWDL. However, 

given the characteristic clinicopathologic setting and the superficial nature of the lesion, 

this tumor can be distinguished from WDLS or pleomorphic liposarcoma. 

In 1975, Enzinger and Harvey described a lesion (spindle cell lipoma) with a 

similar clinicopathologic setting as that seen in pleomorphic lipoma, but characterized 

histologically by a mixture of lipocytes and uniform bland spindled cells within a myxoid 

stroma and accompanied by dense collagen.6 Spindle cell lipoma is probably part of a 

spectrum with pleomorphic lipoma, given the similar clinicopathologic setting and 

ovedapping histologic features. Up to 25% of cases of pleomorphic lipomas show areas 

indistinguishable from spindle cell lipoma. Furthermore, both spindle cell lipoma and 

CTIR 121• Semi-Annual Slide Seminar Soft Tissue Tumors 7 -



pleomorphic lipoma typically stain diffusely for CD34.7 The spindle cells are often 

deposited in a prominent myxoid stroma composed primarily of hyaluronic acid, and in 

those· cases in which the lipomatous component is inconspicuous, differentiation from 

other myxoid tumors, including myxoid sarcomas, may be d}fficult. Similar to 

pleomorphic lipomas, spindle cell lipomas are treated with local excision, and virtually 

never recur. 

Cytogenetic studies have also linked spindle cell and pleomorphic lipoma, both of 

which generally show monosomy 16 or partial Joss of the long arm of chromosome 16 in 

association with unbalanced alterations of the long arm of chromosome 13. g These 

cytogenetic alterations differ from those found in ALTIWDL (giant marker and ring 

chromosomes derived from the 12ql3-15), supporting the concept tllat these are 

histogenetically different lipomatous tumors. Other benign lipomatous tumors also 

reveal characteristic cytogenetic abnormalities. The most common cytogenetic aberration 

identified in solitary lipomas is a translocation between 12q13-15 and various other 

chromosomes.9 Hibernomas consistently reveal abnormalities involving chromosomes 

11 q and 1 Oq22, and lipoblastomas consistently reveal deletions of the short arm of 

chromosome 8.8 

Case 2 is an example of an ALTIWDL, and Case 3 is a dedifferentiated 

liposarcoma. The differential diagnosis for ALT/WDL includes a variety of benign 

lipomatous lesions that, for one reason or another, may occasionally be mistaken for 

ALT/WDL. 

1) Intramuscular lipoma: Because of its deep location, an intramuscular lipoma is 

easily mistaken for ALTIWDL. However, the lesion consists of mature fat 

without nuclear atypia or hyperchromatism, and lipoblasts are not present. 

Recurrence rates vary depending upon tbe adequacy of surgical excision. One 

must be careful not to confuse atrophic skeletal muscle fibers with th.e atypical, 

hyperchromatic nuclei seen in ALT/WDL. 

2) Lipoma with fat necrosis: Many lipomas have foci of fat necrosis that may be the 

result of mechanical traun1a. Lipid macrophages differ from lipoblasts by their 

granular or fmely vacuolated cytoplasm and small, centrally positioned nuclei. 
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Although ALTIWDL may also have fat necrosis, benign lipomas lack atypical 

hyperchromatic cells. 

3) Lipoma with hibemomatous change: These lesions contain cells with granular or 

multi-vacuolated eosinophilic cytoplasm with small, centrally placed nuclei. Although 

these cells may be confused with lipoblasts, they can be distinguished by the absence of a 

single large vacuole that displaces the nuclo,,s to a peripheral position. 

Case 3 is composed predominantly of a highly cellular proliferation of atypical 

spindled cells with rare multinucleated giant cells. Mitotic figures are numerous, and 

occasional atypical mitoses are present. fbis section is indistinguishable from a so-caUed 

"malignant fibrous histiocytoma," although in this case, it makes up the dedifferentiated 

portion of this dedifferentiated liposarcoma. 

The term "dedifferentiated liposarcoma" was coined by Evans in 1979, and refers 

to a well-differentiated liposarcoma that is associated with or has progressed to a high

grade sarcoma, typically resembling a high-grade MFH or fibrosarcoroa.10 

Dedifferentiation most commonly occurs in retroperitoneal lesions, occurs less 

commonly in lesions of the deep soft tissue, and exceptionally in subcutaneous 

liposarcomas,4•
11 and this process appears to be a time-dependent phenoroenon.4 

Traditionally, dedifferentiated liposarcoma has only been diagnosed when the 

dedifferentiated area resembles a high-grade sarcoma. However, it is apparent that there 

is a spectrwn of histologic grade and extent of dedifferentiation within this group of 

tumors, but the effects of these parameters on clinical outcome are largely unknown. To 

address this issue, Henricks et a/ studied 155 cases of dedifferentiated liposarcoma, 130 

of which had clinical follow-up (median: 3.0 years). 11 Although the majority of these 

tumors occurred in the retroperitoneum (68%), 21% of the cases were peripherally 

located, either on the trunk or within the deep soft tissues of the extremities. In roost 

cases (86%), the dedifferentiated foci were present at the time of initial diagnosis (de 

novo dedifferentiation). Overall, 41% of the patients developed recurrences, 17% 

developed metastases, and 28% died of disease. Table I summarizes the effect of tumor 

location on clinical behavior, and indicates that retroperitoneal tumors are significantly 
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more likely to result in patient death than peripherally located tumors. Table 2 shows the 

distribution of these tumors with respect to both tumor grade and extent of 

dedifferentiation, and indicates that the vast majority of patients had extensive (>25%) 

areas of high-grade dedifferentiation. Tables 3 and 4 show the effects of both the extent 

of dedifferentiation (Table 3) and grade of dedifferentiation (Table 4) on clinical 

behavior. Interestingly. the authors found no significant difference in prognosis relative 

to the extent of dedifferentiation for the range examined (< 25% of the tumor versus?: 

25% of the tumor). Furthermore, there was no significant difference in survival between 

patients with low-grade versus high-grade. dedifferentiation. Thus, the authors proposed 

that the traditional definition of dedifferentiated liposarcoma be expanded to include 

liposarcomas with areas oflow-grade non-lipogenic dedifferentiation. 

Table 1: DEDIFFERENTIATED LIPOSARCOMA: 
Rlf hib tum If dl''albh e a 1ons ~P etween or oca Ion an c m1c e aVIOf 

SITE N METASTASIS DIED OF DISEASE 

RETROPERITONE~ 88 16 (18%) 30 (34%)* 

PERIPHERAL 27 4(15%) 3 (ll%)* 
* p -0.008 

Table 2: DEDIFFERENTIATED LIPOSARCOMA: 
o· 'b . f155 b d d fth d d'ffi d nt IStn utJon o cases by gra e an extent o e e 1 eren!Jate compone 

<25% 25-100% TOTAL 
LOW-GRADE 4 10 14 
IDGH-GRADE II 130 141 

Table 3: DEDIFFERENTIATED LIPOSARCOMA: 
R 1 t' hi b tw f d d'ffi d lini 1 b ha . e a Ions ~v e een extent o e 1 erentJat10n an c ca e VIOT 

N METASTASIS DIED OF DISEASE 
<25% 12 4 (33%) 6 (50%) 
25-100% 118 18(15%) 30 (25%) 

Table 4: DEDIFFERENTIATED LIPOSARCOMA: 
R I . hi b d f d. d'ffi 1 e ations liP etween ~a e o e 1 erentlation and chnica behavior 

N METASTASIS DIED OF DISEASE 
LOW-GRADE 12 3 (25%) 2 (17%) 
HIGH-GRADE 1-18 19 (16%) 34 (29%) .. *Tables 1-4 denved from Reference II 
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Cases 4, 5 and 6 

Myxoid soft tissue tumors 

Case4: 60-year-old female with a 6.5 x 3.5 em 70-gram thigh mass 

Diagnosis: Intramuscular myxoma (cellular variant) 

Case 5: 15-year-old boy with a deeply situated 4.6-cm mass of the calf region, present 
for at least four years and slowly growing 

Diagnosis: Low-grade fibromyxo~d sarcoma (Evans' tumor) 

Case 6: 50-year-old female with a 5.0-cm deeply situated mass near the popliteal fossa. 
Diagnosis: Myxoid liposarcoma with hypercellular (transitional) zones 

Discussion: 

Cases 4-6 bring up just a small sample of a variety of benign and malignant lesions that 

occur in soft tissues that are characterized by a myxoid stroma. However, the pathologist 

need not panic when one comes across one of these lesions because these entities can be 

separated from one another when one pays attention to certain key features when 

evaluating these lesions. For example, evaluation of the cellularity of the lesion, as well 

as the arrangement of the cells with respect to one another is absolutely critical in 

distiilguishing these lesions from one another. While some lesions are characterized by 

extremely low cellularity (intramuscular myxoma), others are characteristically much 

more.cellular (nodular fasciitis). Similarly, these cells may stand apart from one another, 

with little cefl-cell contact (myxoid liposarcoma), or they may be arranged into nests or 

chains (myxoid chondrosarcoma). Nuclear pleomorphism, although somewhat 

subjective, is also useful in this evaluation, given that some lesions totally lack nuclear 

pleomorphism (intramuscular myxoma), whereas others are characterized by a high 

degree of cytologic atypia (myxofibrosarcoma/myxoid MFH). Another often 

underappreciated feature in this evaluation is the presence or absence of an underlying 

vasculature. While some lesions are characteristically of low vascularity (intramuscular 

myxoma), others are characterized by an intricate vascular network that allows one to 
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recognize the lesion as malignant (myxoid liposarcoma and myxofibrosarcoma). 

Occasionally, the evaluation of the myxoid stroma using histochemical techniques may 

also be useful. Hyaluronic acid and chondroitin sulfate are the most common 

mucosubstances found in these lesions, and one or the other of these substances is often 
' 

typical of a particular lesion. For example, intramuscular myxoma, myxoid liposarcoma 

and myxofibrosarcoma are characterized by hyaluronic acid-rich myxoid stroma, whereas 

myxoid chondrosarcoma and chordoma are characterized by a chondroitin sulfate-rich 

myxoid stroma. Although alcian blue (pH2.5) stains both hyaluronic acid and 

chondroitin sulfate, pretreatment with hyaluronidase will result in the loss of alcian blue 

positivity if the stroma is made up of hyaluronic acid. In contrast, chondroitin sulfate

rich stroma is hyaluronidase resistant. Benign myxoid soft tissue lesions that enter into 

this differential diagnosis include nodular fasciitis, intramuscular myxoma and 

angiomyxoma, among others. The malignant lesions may include. myxoid liposarcoma, 

myxofibrosarcoma, extra-skeletal myxoid chondrosarcoma, and low-grade fibromyxoid 

sarcoma. 

Case 4 is an example of an intramuscular myxoma, particularly a cellular variant 

of intramuscular myxoma. The usual intramuscular myxoma occurs in middle-aged to 

elderly patients, and is extremely rare in childhood. These lesions present as a painless, 

palpable fluctuant mass within the deep soft tissues of the thigh, shoulder, buttocks or 

upper ann, although virtually any site may be involved.1 In addition, lesions with similar 

histology can occur in a cutaneous and juxta-articular location. Although usually 

solitary, multiple intramuscular myxomas have been found to be associated with fibrous 

dysplasia, and generally occur in the same anatomic region as the bony abnormalities.2 

Rare patients also display melanotic pigmentation of the skin and endocrine 

abnormalities (Albright's syndrome). Myxomas occurring in a cutaneous location may be 

sporadic or associated with Carney's complex, characterized by an association with 

endocrine abnormalities, spotty pigmentation, cardiac myxomas, and psammomatous 

melanotic schwannomas, inherited in an autosomal dominant manner.3 The juxta

articular myxoma is another variant of myxoma, most commonly found in the area of the 

knee (9.0%).4 Males are affected significantly 111ore commonly than females, typically 
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between the th.ird and seventh decades of life. In the series by Meis and Enzinger, 34% 

of the cases recurred, sometimes with multiple recurrences. Despite the tendency for 

these lesions to recur, these are best treated conservatively by local excision. 

Grossly, the intramuscular myxoma appears to be well-circumscribed, although a 

true fibrous capsule is not present. Histologically, these lesions characteristically are of 

low cellularity, composed of bland spindled or stellate cells with cytoplasmic processes. 

The cells tend not to touch one another, but rather are separated by abundant myxoid 

stroma composed of hyaluronic acid. Although some cells with vacuolated cytoplasm 

may be present and may resemble lipoblasts, these are macrophages that have imbibed 

products of the myxoid stroma resulting in cytoplasmic vacuolization. In addition, 

although grossly well-circumscribed, there is often some infiltration into the surrounding 

skeletal muscle, with entrapment of atrophic skeletal muscle fibers. Although scattered 

blood vessels may be present, there is relatively little vascularity, and the vascularity 

lacks the organization of many myxoid sarcomas. A small percentage of intramuscular 

myxomas are more cellular than the usual type and have a more prominent vascular 

pattern which can mimic that seen in myxoid liposarcoma (cellular variant of 

intramuscular myxoma).5 These lesions are typically cured by local excision, and have 

little tendency to recur, even if incompletely excised. 

Angiomyxoma (aggressive angiomyxoma) typically oecurs as a large, ill-defined 

mass within the pelvis, perineum, or genital tract in women. 6•
7 Rare cases have also been 

reported in men.8 Histologically, the lesion is composed of spindled or stellate cells that 

generally do not touch one another, and are separated by an abundant myxoid stroma 

composed primarily of hyaluronic acid. The cells lack nuclear atypia, and mitotic figures 

are difficult to identify. Mast cells are frequently prominent. In addition, these lesions 

are characterized by a prominent vascularity with vessels of different caliber, including 

thin-walled vessels and thick hyalinized vessels. Although histologically bland, these 

lesions are characterized by a high rate of local recurrence; metastases have not been 

reported. 

Case 5 is a classic example of a low-grade fibromyxoid sarcoma. This tumor was 

first recognized by Evans in 1987, when be reported bland fibromyxoid neoplasms 

arising in the deep soft tissue of two young women.9 Although initially diagnosed as 

14 Sof/ Ti.~rue TumOr$ CTTR 121" Semi-Annual Slide Seminar 



benign, both tumors eventually metastasized; subsequent reports have verified the 

metastatic potential of this histologically deceptive neoplasm. Although fewer than 35 

cases had been reported as of 1998, this tumor is probably more conunon than the 

literature would lead one to believe, as some have undoubtedly, been diagnosed as 

myxofibrosarcoma, low-grade myxoid sarcoma, not otherwise specified, or a variety of 

other benign or malignant fibrous or myxoid neoplasms. 

Most patients are young to middle-aged adults, but this tumor may also arise in 

patients as young as three years and as old as 78 years.10 Males are affected more 

conunonly than females. The usual presentation is that of a slowly growing, painless, 

deep soft tissue mass that ranges from 1 'to 18 em in greatest diameter, although most are 

8 to I 0 em. The tumor most commonly arises in the deep soft tissue of the lower 

extremities, particularly the thigh, followed in decreasing order of frequency by the chest 

wall/axilla, shoulder region, inguinal region, buttock and neck. Rare cases have also 

been described in unusual sites including the retroperitoneum 11 and small bowel 

mesentery. 12 

Most tumors arise in the skeletal muscle, although some appear to be centered in 

the subcutaneous tissue with minimal or no skeletal muscle involvement. Although the 

tumor is grossly well circumscribed, there is often extensive microscopic infiltration into 

the surrounding soft tissues. On cut section, the tumor has a yellow-white appearance 

with focal areas with a glistening appearance secondary to the accumulati.on of myxoid 

ground substance. Neither necrosis nor hemorrhage is present. 

Histologically, this tumor is of low or moderate cellularity and composed of bland 

spindle-shaped cells with small hyperchromatic oval nuclei, finely clumped chromatin 

and one to several small nucleoli. The cells have indistinct pale eosinophilic cytoplasm 

and show only mild nuclear pleomorphism with little mitotic activity. The cells are 

deposited in a variably fibrous and myxoid stroma that tends to alternate in different areas 

of the tumor. In general, the lesions appear more fibrous than myxoid. The myxoid 

zones may abut abruptly with the fibrous zones, or there may be a gradual transition 

between these zones. Cells with a stellate configuration are often present in the myxoid 

zones, and the cells are generally arranged in a whorled or random fashion. There is 
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often a prominent network of curvilinear and branching capillary-sized blood vessels in 

the myxoid zones, somewhat reminiscent of that seen in myxoid liposarcoma, 11
•
12 

sometimes with perivascular hypercellularity. The stroma stains with Alcian blue, which 

is completely removed by treatment with hyaluronidase.13
•
14 Epithelioid cells may also 

be present focally, and there are areas of intermediate-grade fibrosarcoma in 

approximately I 0-20% of cases.10 

Although this neoplasm is characterized by a deceptively bland appearance, 

recurrences may show areas of increased cellularity and mitotic activity, sometimes with 

the formation of bypercellular nodules.10
•
11 Transition to a high-grade sarcoma 

resembling malignant fibrous histiocytoma bas not been described, but Evans reported 

one case that "dedifferentiated" into a neoplasm composed of sheets of anaplastic round 

cells thirty years after the initial excision.12 In most cases, recurrences and metastases 

resemble the primary lesions, although I have seen a case in which the metastasis had a 

predominantly primitive round cell appearance. 

Immunohistochemically, the neoplastic cells stain strongly and diffusely for 

vimentin. Focal immunoreactivity for muscle markers including smooth muscle actin 

and muscle-specific actin may also be present, suggesting myofibroblastic differentiation 

in at least some of the cells. Rare cases show focal staining for desmin and even 

cytokeratins. Although CD34 was not detected in nine cases cited by Good lad e1 a/, 11 

Nichols and Cooper reported one case with strong CD34 staining.13 

The differential diagnosis of Evans' tumor includes numerous benign and 

malignant soft tissue lesions characterized by a variably fibrous and myxoid stroma. 

My)(()id neurofibroma is composed of cells with more slender and wavy nuclei that 

consistently express S 100 protein. Perineurioma may resemble the fibrous whorled areas 

seen in low-grade fibromyxoid sarcoma but the immunohistochemical detection of EMA 

allows for its distinction. Some areas of Evans' tumor may even resemble nodular 

fasciitis, but the latter is characterized by cells that resemble tissue-culture fibroblasts. 

Other features of fasciitis, such as cleft-like spaces, extravasation of erythrocytes and the 

presence of multinuclealed giant cells, are not found in Evans' tumor. Fibromatoses are 

composed of nuclei that tend to be plumper and more vesicular and are arranged in a . 

fascicular growth pattern. Myxoid DFSP may resemble !be myxoid zones of Evans' 
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tumor, but this lesion tends to be more superficial, predominantly involving the dermis 

and subcutaneous tissue; moreover, the cells are arranged in a more uniform storiform 

growth pattern with diffuse staining for CD34. 

Malignant peripheral nerve shealh tumors may contain myxi?id foci, but the cells 

are more elongated or wavy, are typically arranged in an irregular fascicular growth 

pattern and stain for S I 00 protein in up to 60% of cases. In addition, ultrastr.tctural 

analysis reveals clear-cut evidence of Schwannian differentiation. Spindle cell 

liposarcoma usually arises in the subcutaneous tissue of adults and always contains an 

atypical lipomatous component that includes the presence of lipoblasts. The myxoid 

zones of Evans' tumor may also resemble mfxoid liposarcoma, particularly the cases with 

a well-developed plexiform vascular pattern. However, low-grade tibromyxoid sarcoma 

lacks lipoblasts and adequate sampling always reveals fibrous areas. Cytogenetically, 

myxoid liposarcoma is characterized by a t(12;16), which is distinct from the t(7;16) 

characteristic of Evans' tumor (discussed below). 

The lesion with which Evans' tumor is most easily confused is so-called 

myxofibrosarcoma, a lesion at the lower end of the spectrum that overlaps with myxoid 

malignant fibrous histiocytoma Unlike Evans' tumor, wh.ich typically arises in the 

skeletal muscle of young patients, myxofibrosarcoma commonly arises in the 

subcutaneous tissues of the extremities of elderly patients. Histologically, 

myxofibrosarcoma is uniformly myxoid, tacks alternating fibrous zones and always has a 

greater degree of nuclear pleomorphism and hyperchromasia. 

Hyalinizing spindle cell tumor with giant rosettes is an unusual fibrous tumor of 

deep soft tissues that was first delineated in 1997 by Lane eta/ in 19 cases.1s Virtually 

all reported cases behaved in an indolent fashion, 16 although rare examples exhibited 

aggressive clinical behavior. There is significant histologic overlap with Evans' tumor, 

and in fact it is now well established that this tumor represents a variant of the latter. 

The most characteristic feature of this tumor is the presence of a variable number 

of large rosette-like structures that merge abruptly or imperceptibly with the surrounding 

hyalinized or spindled stroma. The rosettes, which tend to cluster together, are composed 

of a central core of brightly eosinophilic birefringent collagen arranged centrifugally 
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from the center surrounded by rounded to ovoid cells that have clear to eosinophilic 

cytoplasm and little to no nuclear atypia or mitotic activity. Occasional cells show 

intranuclear cytoplasmic inclusions. Other features include the presence of hemosiderin 

deposition, cystic degeneration, calcification and osseous and chondroid metaplasia.17 

Immunobistochemically, both the spindle-shaped and ovoid cells comprising the rosettes 

stain strongly for vim en tin. S 100 protein, Leu-7 and neuron-s.-ecific enolase are 

frequently present in the Iounded cells but are less often identified in the spindle-shaped 

cells. 

Similar-appearing giant collagen-containing rosettes may be seen in other 

mesenchymal tumors, including neuroblastoma-like schwannoma, in which the rosettes 

are made up of a core of collagen flanked by small, rounded differentiated Schwann 

cells.18 Rare cases of osteosarcoma have been reported to contain similar rosettes, but in 

these cases the central core is composed of an osteoid-like material, often with central 

calcification, and surrounded by cells with more nuclear pleomorphism than those 

encountered in the hyalinizing spindle cell tumor. 

Although originally considered a distinctive entity, hyalinizing spindle cell tumor 

with giant rosettes is now regarded as a low-grade fibromyxoid sarcoma with rosettes. 

The reasons for believing them to be same are as follows: similarity in age and location, 

virtual identity of the spindled stroma including the occasional presence of intermediate

grade fibrosarcoma, the ability of this lesion to metastasize like low-grade fibromyxoid 

sarcoma and, most importantly, both of these tumors have been found to harbor a 

characteristic t(7; 16), wbich can be detected by RT-PCR or FISH.'9.2° 

Despite its deceptively bland histologic appearance, Evans' tumor was originally 

thought to have a high rate of local, often repeated recurrence as well as pulmonary 

metastases in a significant percentage of cases. Prior to 2000, approximately 65% of 

cases reported in the literature had locally recurred six months to 50 years after initial 

excision, with many patients developing multiple recurrences. In fact, Evans himself 

reported one case in which the patient developed 17 recurrences over a period of 29 

years. 12 Metastases were reported to be present at the time of initial excision or develop 

late in the clinical course. Evans described one case that metastasized 45 years after the 

initial presentat.ion.12 The lung has been involved in all cases with metastatic disease. 
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Thus far, fewer than 20% of patients have died as a direct result of their tumor, and most 

patients have a protracted, indolent course with many surviving I 0-15 years after 

detection of metastases. 11
•
12 In 2000, Folpe et a/ reported the clinicopathologic features 

of 73 cases of low-grade fibromyxoid sarcomalbyalinizing spindle cell tumor.1° Follow

up was obtained in 54 cases with a median follow-up period of 24 months. Of this group, 

5 patients developed local recurrences, 3 developed metastatic disease and only one 

patient died as a direct result of their tumor. In this group, the diagnosis of 

LGFMS/HSCT was made prospectively in 51 patients, and none of these patients 

developed metastatic disease. Thus, the better prognosis in this study compared with 

previous studies was felt to reflect the fact that all were initially diagnosed as sarcomas 

and treated with aggressive surgery. 

Case 6 is an example of myxoid liposarcoma with hypercellular or transitional 

zones. Myxoid liposarcoma is a tumor of adult life and typically occurs in the deep soft 

tissues of the extremity, especially the thigh and popliteal region. At low power, the most 

striking feature is the very characteristic delicate plexiform capillary pattern that is found 

throughout the neoplasm. The spindled cells between the capillaries are primitive 

mesenchymal cells, and vary little from one another, without significant nuclear 

pleomorphism. The cells are evenly distributed, and typically do not touch one another. 

Interspersed between the primitive mesenchymal cells are the diagnostic Upoblasts, 

which occur in varying numbers. By definition, a lipoblast is characterized by a sharply 

defined lipid droplet that usually pushes the nucleus to a peripheral location and indents 

or scallops the nucleus. Vacuolated cells indistinguishable from lipoblasts may be found 

in a variety of benign and malignant lesions. Therefore, an appropriate histologic 

background must be present in order to establish that cell as a true lipoblast. Unless there 

is a significant round cell component, myxoid liposarcomas are generally considered to 

be low-grade sarcomas. 

Round cell liposarcoma is considered to be a poorly differentiated form of myxoid 

liposarcoma for several reasons. First, it is not uncommon to see mixtures of both 

myxoid and round cell liposarcoma within the same tumor. Furthermore, the 

characteristic translocation found in myxoid liposarcoma, t(l2;16)(q13;pll), is also 
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present in round cellliposarcoma,21 and can be detected by either FISH or RT-PCR.22.23 

At the molecular level, this translocation results in fusion of the CHOP gene on 12q 13 

with the FUS gene on 16p!i.24 Rarely, the CHOP gene is fused to theN-terminal portion 

of the EWS gene.l5 

It has been suggested that tumors that have "hypercellular" or "roWJd cell" areas 

within an otherwise typical myxoid liposarcoma pursue a more aggressive clinical 

course.26-l9 However, it is difficult to know where on the spectrum of cellularity these 

cases actually lie. Furthermore, it is Wlknown whether there is a critical amount of these 

"round cell" areas that are predictiv~ of a worse prognosis. Smith et a/ studied 29 cases 

of myxoid/round cell liposarcoma of the extremities and found that those patients whose 

tumors had greater than 5% round cell component were more likely to develop 

metastases or die from their disease.l0 RoWJd cell areas were defined as those areas with 

a marked increase in cellularity in which the cells were round and separated by little or no 

myxoid stroma. ln these areas, the mitotic index was generally increased, and a 

plexiform vascular pattern was difficult to recognize secondary to the overgrowth of 

primitive roWJd cells. In addition, transitional areas, defined as areas of increased 

cellularity compared to typical myxoid liposarcoma, but in which the cells remained 

spindled, did not have overlapping nuclear borders, and retained an easily discernible 

plexiform vascular pattern, were not found to worsen clinical outcome in the absence of a 

round cell component. Kilpatrick eta/. found similar findings, although they found a cut

off point of 25% roWJd cell component to be prognostically important by multivariate 

analysis? 1 

The myxoid variant of MFH was first characterized by Weiss and Eru:inger in 

1977, and was defined as an MPH that has at least 50% of the tumor cells deposited in a 

hyaluronic acid-rich myxoid stroma. 32 However, it is apparent that there is a wide 

spectrum of lesions ranging from superficially located, hypocellular, low-grade myxoid 

lesions (low-grade myxofibrosarcoma) to those that are more deeply located, of higher 

stage and more biologically aggressive (pleomorphic-storiform MFH). Mentzel et a/. 

recently evaluated the clin.icopathologic features of 75 cases of so-called 

myxofibrosarcoma. 33 Almost 70% of their cases were superficially located, either in the 

dermis or subcutaneous tissues, usually on the upper or lower extremities, and 

20 Soft Tissue Tumors CITR 121~ Semi-Annual Slide Seminar 



characterized by a nodular growth pattern, a myxoid matrix containing elongated, 

curvilinear capillaries and spindled or stellate-shaped tumor cells with hyperchromatic 

atypical nuclei. These superficially located low-grade lesions are the lesions that are 

most likely to be confused with benign myxoid lesions. Some o~ the cases were more 

deeply located and showed areas of increased cellularity and cytologic atypia, more 

typical of the classic "myxoid MFH" described by Weiss and Enz:.nger. The latter group 

of lesions was characterized by moderate cellularity in which the cells showed significant 

nuclear pleomorphism and hyperchromatism, with easily identified mitotic figures. 

Similar to myxoid liposarcoma, a characteristic vasculature was present throughout the 

neoplasm, although these blood vessels tended to be more coarse than those seen in 

myxoid liposarcoma. Frequently, the atypical cells condensed along the periphery of the 

blood vessels. Although the depth of the primary lesion did not influence the incidence 

of local recurrence, only those neoplasms of intermediate or high-grade metastasized. In 

addition, some cases of low-grade myxofibrosarcoma progressed to higher-grade lesions 

in recurrences. 

Similar to myxoid liposarcoma and MPH, extra-skeletal myxoid chondrosarcoma 

also occurs primarily in the deep soft tissues of the extremities.34 Macroscopically, the 

neoplasm occurs as a multinodular, well-circumscribed mass, which frequently shows 

large areas of hemorrhage. Histologically, this is a lesion of moderate cellularity in 

which the cells tend to touch one another and are arranged in small cords or strands. 

These cells show little nuclear pleomorphism, low mitotic activity, and have a moderate 

amount of eosinophilic cytoplasm. The vascularity is not prominent, in contrast to 

myxoid liposarcoma and MPH. The myxoid matrix in this case is composed of 

chondroitin sulfate. lmmunohistochemically, these cells may be S I 00 protein positive, 

although Dei Tos et a! found that only 7 of 39 cases (18%) stained for this antigen,35 

although it is usually unnecessary to perform immunostains. In addition, this tumor has 

been found to harbor a characteristic translocation, t(9;22)(q22;ql2), which involves a 

rearrangement of the EWS gene on 22ql2 with the TEC gene on 9q22?6 The resultant 

EWS/TEC fusion transcript can be detected by reverse transcriptase polymerase chain 

reaction.37 In the series by Meis-Kindblom eta!, older patient age, larger tumor size and 
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tumor location in the proximal extremity or limb girdle were adverse prognostic factors 

identified by multivariate analysis?8 Local recurrences and metastases were noted in 

48% and 46% of patients, respectively. Some patients had prolonged swvival even after 

the development of metastasis, although many of these patients even~ally died as a result 

of tumor. Interestingly, this study did not identify a relationship between tumor 

cellularity and prognosis. 

In conclusion, despite the fact that numeroo.JS benign and malignant soft tissue 

lesions may have a myxoid stroma, these lesions can be reliably separated from one 

another through the systematic. evaluation of certain parameters, in conjunction with 

clinical features including age, site and rate of growth of the neoplasm, with little need 

for ancillary studies. 
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Case7 

Reactive myofibroblastic proliferations 

Case 7: 78-year-old woman with an ill-defined 9-cm mass in the soft tissues overlying 
the left hip region. 

Diagnosis: Ischemic fasciitis ( l typical decubital fibroplasia) 

Discussion: 
Case 7 is an excellent example of ischemic fasciitis. The benign 

fibroblastic/myofibroblastic proliferations constitute a heterogeneous group of well

defined entities that are predominantly reactive rather than true neoplasms. This category 

includes entities such as nodular fasciitis, proliferative fasciitis, proliferative myositis and 

ischemic fasciitis (so-called atypical decubital fibroplasia), all of which may be mistaken 

for sarcomas, given their rapid clini.cal growth and rich cellularity. Despite the 

sometimes worrisome histologic features, these lesions rarely recur, even after 

incomplete excision, and they never metastasize. 

Diagnostic confusion is frequently caused by reactive or reparative 

fibroblastic/myofibroblastic proliferations that are poorly defined and occur in 

association with chronic inflammation, wound healing and organizing hemorrhage. 

These lesions can usually be recognized if attention is paid to the cellular polymorphism 

and the zonal variations iD the histologic picture. In many such lesions, the presence of 

inflammatory infiltrates, siderophages and hemorrhagic foci indicates the correct 

diagnosis. 

Ischemic fasciitis and atypical decubital fibroplasia are synonyms for a 

pseudosarcomatous fibroblastic proliferation that predominantly involves soft tissues 

overlying bony prominences and occurs primarily in elderly and physically debilitated or 

immobilized patients.14 Most of the patients are elderly with a peak incidence during the 

8th and 9th decades of life, although this lesion has rarely been described in adolescence. 5 

Females are affected slightly more commonly than males. Most patients present with a 

painless mass of short duration, usually less than six months; many but not all are 
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debilitated or immobilized, bedridden or wheelchair-bound. The soft tissues in the region 

of the shoulder are most commonly affected, followed by the soft tissues of the chest wall 

overlying the ribs, those overlying the sacrococcygeal region or the greater trochanter. 

Grossly, the lesion is poorly circumscnoed and vaguely multi,nodular, often with a 

myxoid quality; it ranges from 1.0 to 8.5 em in greatest diameter. It typically involves 

the subcutaneous tissue but may extend into th.e overlying dermis, with frequent 

epidermal ulceration. ln addition, the proliferation can involve the underlying skeletal 

muscles or adjacent periostium. 

Microscopically, ischemic fasciitis has a zonal pattern, often with a central zone 

of liquefactive or focally coagulative necrosis surrounded by a fringe of proliferating 

blood vessels and fibroblasts/myofibroblasts. The peripheral vessels are usually small, 

thin-walled and ectatic; they are lined by prominent, occasionally atypical endothelial 

cells. In addition, a proliferation of plump fibroblasts/myofibroblasts form perivascular 

clusters or merge imperceptibly with the peripheral blood vessels. The 

fibroblastslmyofibroblasts may be cytologically atypical with large, eccentric, often 

smudgy hyperchromatic nuclei, prominent nucleoli and abundant basophilic cytoplasm. 

Rare cells closely resemble the ganglion-like cells seen in proliferative fasciitis or 

myositis. The proliferation is usuaUy paucicellular; although mitotic figures may be 

numerous, they are not atypical. The peripheral blood vessels may contain fibrin thrombi 

and secondary acute inflammation with perivascular hyalinization. Rare multivacuolated 

muciphages can be seen in the myxoid zones and may mimic the lipoblast& of myxoid 

liposarcoma. 

hnmunohistochemically, the atypical fibroblast-like cells stain strongly and 

diffusely for vimentin but may also stain focally for both actin and CD68. 2 In addition, 

some cells also express CD34, possibly suggesting early endothelial differentiation. 

In more than one-third of reported cases of ischemic fasciitis, a malignant 

diagnosis is seriously considered.1 ~ Although the multinodular appearance with central 

necrosis is reminiscent of epithelioid sarcoma, the latter typically occurs on the distal 

extremity of young patients and is composed of cells with prominent cytoplasrni:: 

eosinophilia and strong cytokeratin immunoreactivity. Myxoid liposarcoma is also a 

consideration, but ischemic fasciitis lacks the organized plexiform vascular pattem 
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typical of this tumor. Furthermore, although multivacuolated muciphages may be seen, 

true lipoblasts are not identified. Myxoid malignant fibrous histiocytoma lacks the 

zonation of ischemic fasciitis and the degenerative and reactive features, such as cells 

with smudgy chromatin, fat necrosis, hemosiderin deposition and fi~rin thrombi. 

Ischemic fasciitis is probably related to intermittent ischemia with subsequent 

tissue breakdown and reger. ~rative changes. Most lesions develop in areas where the 

subcutaneous tissue lies in close apposition to bone, and they arise in patients with a 

clinical history of prolonged immobilization or trauma at that site. Histologically, the 

zonal quality is similar to that seen in other reactive myofibroblastic proliferations. As 

suggested by Perosio and Weiss, 3 the. pathogenesis is probably similar to that of a 

decubitus ulcer, except that the ischemia may be less severe or of an intermittent nature, 

and it does not lead to breakdown of the overlying skin? Although local recurrences 

have been described, most. patients are cured by conservative excision, supporting its 

benign nature. Awareness of this entity should allow the pathologist to avert a 

misdiagnosis of sarcoma and allow the clinical measures necessary to prevent subsequent 

recurrence or progression. 
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Cases 8 and 9 

Cellular spindle cell tumors 
; 

Case 8: 45-year-old female with a 7-cm well-circumscribed retroperitoneal mas!! with 
erosion of an adjacent vertebral body. 

Diagnosis: (' . llular schwannoma 

Case 9: 37-year-old male with an 8-cm intramuscular mass of the distal right thigh. 

Diagnosis: Monophasic synovial sar<;oma 

Discussion: 
Cases 8 and 9 bring up the fairly common differential diagnosis of highly cellular 

spindled mesenchymal neoplasms that are not uncommonly encountered in the deep soft 

tissues or in the mediastinum or retroperitoneum. When presented with suclu lesion, the 

most common differential diagnosis usually includes cellular schwannoma, malignant 

peripheral nerve sheath tumor (MP_NS'I), fibrosarcoma, leiomyosarcoma and monophasic 

synovial sarcoma. Immunohistochemistry plays an essential role in this differential 

diagnosis if one is to reliably differentiate betw~n these lesions. 

Case 8 is an example of a cellular schwannoma, which is one of several variants 

of schwannoma that may cause diagnostic confusion; in this case because of its high 

cellularity, mitotic activity, and presence of bony destruction. These lesions typically 

occur in middle-aged patients (although the age range is broad), with a slight female 

predilection. They are most commonly found within the paravertebral region of the 

posterior mediastinum, retroperitoneum., and pelvis. A small number of patients have 

been found to have neurofibromatosis. 

Grossly, the tumor is typically encapsulated, and may or may not be associated 

with an identifiable nerve, either grossly or microscopically. Degenerative changes, 

including cyst formation, hemorrhage and necrosis may be seen. Histologically, the 

neoplasm is composed of slender, elongated spindled cells with wavy contours that may 

be arranged in short intersecting fascicles, or in longer sweeping fascicles reminiscent of 

the herringbone pattern seen in fibrosarcoma. By definition, the lesion is composed 
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almost entirely of Antoni A areas, and although abortive nuclear palisades may be seen, 

true Verocay bodies are not formed. Although at fiiSt glance this tumor may be difficult 

to differentiate from other spindle cell sarcomas, a variety of histologic features may 

serve as useful diagnostic clues. This lesion typically ha~ · cellularity that is 

disproportionate to the degree of mitotic activity and cytologic atypia that is present. It 

should be noted that cellular schwannoma may have some mitotic activity, but it is 

typically less than that seen in MPNST (<4 MF/10 HPF). Similarly, focal cytologic 

atypia has been identified in a small percentage of cellular schwannomas, but is not to the 

degree both in quality and quantity as is seen in MPNST. Other useful features include 

(1) paracapsular and/or perivascular lymphoid aggregates; (2) the focal presence of 

Antoni B areas; (3) prominent perivascular hyalinization and, very importantly (4) diffuse 

and strong immunoreactivity for S-1 00 protein. 

Ultrastructurally, the constituent cells have characteristic features of schwann 

cells, with elongated bipolar cytoplasmic extensions, interdigitating cytoplasmic 

processes, and multilayering ofbasallamina.1 

Four large studies of cellular schwannoma with significant follow-up (total of 119 

cases) have been published. z.s Although up to 5% have locally recurred, none of the 

patients have developed metastatic disease or died due to their tumor. Importantly, 

erosion of adjacent bone has been noted in approximately 13% of the patients in these 

series, which may contribute to the erroneous diagnosis of a sarcoma. 

Case 9 is an example of a monophasic synovial sarcoma. Synovial sarcoma (SS) 

is the third most common type of sarcoma (after MFH and liposarcoma), and typically 

affects adolescents and young adults (most common between 15-40 yeaiS).6 By far the 

most common location is the extremities, particularly in proximity to large joints 

(especially the knees), but distal extremity synovial sarcomas are not uncommon. These 

tumors can also occur on the upper extremities, head and neck region and the trunk. 

Although these tumoiS are often intimately related to tendons, tendon sheaths and bursal 

structures, they are exceedingly rare within joint cavities, despite its name. 

Histologically, SS are composed of variable mixtures of epithelial cells, spindled 

cells and cells that have features inteJmediate between these two (transitional cells). 
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Thus, the classic biphasic SS is fairly easily recognized since It is composed of a distinct 

population of these three cell types. However, when the epithelial elements are 

predominant (epithelial type of SS), this tumor may be extremely difficult to recognize 

and separate from carcinoma, melanoma or mesothelioma. At the pther extreme, when 

the epithelial elements are difficult to identify or completely absent (monophasic fibrous 

type of SS or MSS), then this lesion becomes difficult to differential· · from other highly 

cellular spindle cell sarcomas. 

The MSS is probably the most common subtype and can usually be recognized 

through a combination of histo!ogic and immunohistochemical features. At low 

magnification, one is often impressed with a "marbled" appearance that is due to 

alternating areas of low and high cellularity. The spindled cells are often arranged into 

irregular fascicles, but typically lack the regular herringbone pattern seen in 

fibrosarcoma. The nuclei are also plump or ovoid, as opposed to long spindled cells. 

Nuclear pleomorphism is typically minimal, and mitotic figures can be identified fairly 

easily. Other features that suggest a diagnosis of MSS include the presence of 

calcification or ossification, a conspicuous mast cell infiltrate, and a 

hemangiopericytomatous vasculature. 

ImmunohistochemistrY is extremely useful in arriving at this diagnosis. Virtually 

all MSS stain for cytokeratins, epitl1elial membrane antigen, or both.H0 Guillou et a! 

found that all but one of 100 cases of SS stained for at least one of these epithelial 

markers. 10 In their hands, a significantly greater percentage of cases stained for EMA, 

although in our laboratory, we have found AEl!AE3 or CAM 5.2 to be more consistently 

positive. In addition, these authors noted frequent 8100 protein immunoreactivity in all 

subtypes of SS (almost 30%!). Thus, not all spindle cell sarcomas that stain for S-1 00 

protein represent MPNST. Given the fact that rare cases of MPNST stain for 

cytokeratins (and in fact may be S-100 protein negative), we have found cytokeratin 

subsets useful in this regard. Smith et al found that virtually all MSS stained for 

cytokeratins 7, 19, or both, whereas staining for either of these antigens is extremely rare 

inMPNST. 11 

Although CD99 is a highly sensitive marker for the Ewing's sarcomaiPNET 

family of tumors, this antigen has also been found in a significant percentage of SS.12
"
14 
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This becomes important in those cases of SS that are composed predominantly of round 

cells (so-called poorly differentiated SS), where separation from ESIPNET may be 

difficult. The presence of CK7 and/or 19 in poorly differentiated SS and its absence in 

ESIPNET may be extremely useful in this setting.15 There have al~o been several recent 

publications which have shown bcl-2 to be an excellent marker ofSS, which may also be 

of diagnostic utility.16
•
17 

SS is characterized by a reciprocal translocation t(x; 18)(p ll ;q II) involving the 

SSXl or SSX2 gene on the X chromosome and the SYT gene on chromosome 18. 18
•
19 

The resulting SYT-SSX chimeric fusion.transcript can be detected by RT-PCR or FISH 

using frozen20 or paraffin-embedded tissue.21 Recently, the type of SYT-SSX fusion 

transcript has been found to correlate both with histologic subtype and clinical behavior 

ofSS.22 Kawai eta/found all 12 biphasic SS to have an SYT-SSXI fusion transcript. In 

contrast, tumors that were positive for the SYT -SSX2 fusion transcript were monophasic 

variants. Furthermore, patients with the SYT -SSX2 had significantly longer metastasis

free survival than those with SYT -SSX I. 

SS is generally viewed and treated as a high-grade sarcoma. However, ii). a large 

series of cases reported by Bergh et a/, the authors identified features that could place 

patients into either low or high-risk groups. 23 Adverse prognostic factors with regard to 

metastasis and survival included older age, larger tumor size, the presence of poorly 

differentiated areas, high Ki-67 values, the presence of necrosis, vascular invasion and 

prior local recurrence. Similarly, in a study of extremity SS, Machen et a/ found 

increasing age, tumor size :t5 em, grade 3 nuclei, poorly differentiated areas composing 

>20% of the tumor, rhabdoid foci and >10 MF/10 HPF to be adverse prognostic 

indicators. 24 

Another lesion that frequently enters into the differential diagnosis is MPNST. 

Unless this lesion clearly arises from a nerve trunk, a neurofibroma, or occurs in a patient 

with von Recklinghausen's disease, it may be extremely difficult to recognize and 

differentiate from these other spindle cell lesions. At low magnification, similar to the 

appearance of MSS, there are alternating hypo- and hypercellular regions resulting in a 

marbled appearance. The spindled cells are arranged into an irregular fascicular pattern, 
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similar to that seen in fibrosarcoma, but other architectural patterns may be present, 

including areas of nuclear palisading, myxoid zones, and a perivascular targetoid growth 

pattern. 

It is critical to distinguish cellular schwannoma from .fv!J>NST, gJ.ven the 

differences in both therapy and prognosis. Features that are useful in the differentiation 

of these two lesions are summarized in Table l. Tumor cellularity is not particularly 

useful since both these lesions are highly cellular. As mentioned previously, although 

nuclear pleomorphism and mitotic activity may be seen in cellular schwannoma, MPNST 

typically has more extensive nuc~ear pleomorphism and mitotic activity, including 

atypical mitoses. Divergent differentiation, often in the form of rhabdomyoblasts, is 

found in approximately 10% of MPNST,25 but is not seen in cellular schwannomas. 

Finally, S-1 00 protein immunoreactivity is a useful adjunct in this differential diagnosis, 

as cellular schwannomas show diffuse and strong S-100 protein positivity, whereas only 

about 60% of MPNST show S-1 00 protein positivity, typically in a focal distribution 

(Table 2).26 The histologic features that are useful in separating the various spindle cell 

sarcomas are summarized in Table 3. 

Table 1: Histologic features useful in distinguishing cellular schwannoma from 
malignant peripheral nerve sheath tumor <MPNSTI 

Cellular Schwannoma MPNST 
Encapsulation + -
Cellularity 3+ 3+ 
Necrosis Rare Common 
Pleomorphism 1+-2+ 3+ 
Mitoses 1+-2+ 3+ 
Diver2ent differentiation - + (100%) 
S-100 Diffuse Focal (60%) 

Table 2: Immunohistochemical profiles of hlehly cellular spindle cell tumor s 
S-100 CK 7/19 SMA 

Cellular schwannoma + diffuse) - -
MPNST +1- focal) - -
Fibr osarcoma - - +I-
SYllovialsar~oma +!- (focal) + -
Leiomyosarc~ma - - + 
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T able 3: Histologic and immunohistochemical features useful in separating the 
" dl u SJIID e ce sarcomas 

Monophasif 
Malignant 

Leiomyosarcoma Fibrosarcoma synovial' 
peripheral 

nerve sheath 
sarcoma 

tumor 
Nuclei Blunt T Plump Wavy 
Palisadin_g y N Rare y 

Striations y N N N 
Marbling N N y y 
SMA!MSA + +I- - -
S-100 - - 30% 60% 
AE1/AB3 +/- - + +/-
CK7/19 - - + -
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Cases 10 and 11 

Fibrohlstiocytic tumors of Intermediate malignancy 

Case 10: A 41-year-old male presented with a recurrent 6.5-cm mass in the right upper 
back. The initial mass was excised five years previously. 

Diagnosis: Dennatofibrosarcoii.. protuberans with fibrosarcomatous change 

Case 11: 4-year-old female with an ill-defined 4-cm nodule on the anterior chest wall. 

DJagnosis: Giant cell fibroblastoma 

Discussion: 
Fibrohistiocytic tumors of soft tissue are classified into "benign," "intermediate 

malignancy" and "malignant" categories based on their potential for local recurrence and 

distant metastases. 1 It has become clear over the past 30 years that the term 

"fibrohistiocytic tumor" is, as Calonje and Fletcher state, "best used as a descriptive term, 

with no histogenetic implications, to encompass a heterogeneous group of tumors that 

share histologic similarities."2 

Benign 

Fibrous Histiocytoma 

Juvenile 
Xanthogranuloma 

Reticulohistiocytoma 

Xanthoma 

36 

Malignant lntermediate Mallgnancv 

Atypical Fibroxanthorna Malignant Fibrous lfistiocytoma 
- storiform-pleomorphic 

Dermatofibrosarcoma 
Protuberans 

Pigmented DFSP (Bednar Tumor) 

Giant Cell Fibroblastoma 

Plex:ifonn Fibrohistiocytic Tumor 

Angiomatoid Fibrous Histiocytoma 

Giaot Cell Tumor of Soft Parts 

-myxoid 
-giant cell 
- inflammatory 
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The benign tumors rarely recur and do not metastasize. The tumors of 

intermediate malignancy frequently recur, but rarely metastasize, and the malignant 

tumors frequently recur and metastasize. 

Benign Fibrous Histiocytoma 

Within the benign group of fibrohistiocytic tumors, the most common lesion is the benign 

fibrous histiocytoma (BFH), which has been known by a variety of different names 

including histiocytoma cutis, nodular subepidermal fibrosis, fibroxanthoma, 

dermatofibroma, and sclerosing hemangioma. Distinctive variants of BFH have been 

described, some of which have clinical implications (higher rate of local recurrence). 

The common fibrous histiocytoma, or dermatofibroma, typically presents as a solitary 

slow-growing nodule in young to middle-aged adults, with a female predilection. 

Histologically, these lesions occur predominantly in the reticular dermis, although they 

can extend into the superficial subcutis. The tumor is characterized by a proliferation of 

bland spindled cells admixed with histiocyte-like cells, with different lesions having 

different proportions of these two cell types. Secondary elements, including giant cells, 

foamy macrophages, siderophages and chronic inflammatory cells are typically found. 

At low magnification, the typical BFH has a heterogeneous appearance, unlike the 

monotonous low-magnification appearance of DFSP. In addition, although there may be 

a well-formed storiform pattern in some areas of the lesion, this pattern is not as well

developed or monotonous as that seen in DFSP. Dense polarizable keloid-like collagen 

bundles are typically found at the periphery of BFH, in contrast to the thin, delicate 

nonpolarizable collagen fibers found at the periphery of DFSP.3 The overlying epidermis 

characteristically shows hyperplasia as well as basal cell hyperpigmentation, a feature 

which is typically absent in the epidermis overlying DFSP. Table I summarizes some of 

the more important features that are useful in distinguishing DFSP from BFH. 

Catonje et at described 74 cases of a distinctive variant of BFH they termed 

"cellular benign fibrous histiocytoma."4 Approximately 5% of BFH have the minimum 

histologic criteria (increased cellularity and mitotic activity) for a diagnosis of cellular 

BFH. Similar to the common BFH, cellular BFH typically presents as a solitary lesion on 
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the extremities of young to middle-aged adults. However, in contrast to the common 

BFH, these lesions have a predilection for males (male/female: 211), have a larger 

average size, and occur in sites which are not typical for common BFH· (face, ears, and 

distal extremities). More importantly, the local recurrence rate is ~ignificantly higher in 

cellular BFH (approximately 25%) than that seen in common BFH (< 2%).4 

Histologically, cellular BFH is characterized by high cellularity and increased 

mitotic rate, although atypical mitoses are not seen. The cellular regions may have a 

storiform and/or short fascicular growth pattern, and there is frequently involvement of 

the superficial subcutaneous tissue. At low magnification, these lesions may not appear 

to be as heterogeneous as the common BFH, since cellular polymorphism (giant cells, 

siderophages, foamy macrophages) is limited. In the series by Calonje et al, central 

necrosis was found in 12% of Ute cases. Thus, these lesions have enough worrisome 

features such that the potential for misdiagnosis of a sarcoma is reasonably high. The 

most common lesions with which this is confused are leiomyosarcoma and DFSP. 

Leiomyosarcoma is characterized by more plump eosinophilic spindle cells with cigar

shaped nuclei arranged in a more uniform fascicular pattern. Although a fascicular 

pattern may be seen focally in cellular BFH, it is not as well-developed or uniform 

throughout the tumor as is seen in leiomyosarcoma. Immunohistochemically, cutaneous 

leiomyosarcomas are typically diffusely positive for smooth muscle actin and desmin. 

Although smooth muscle actin may be found focally in cellular BFH, it is not as diffuse 

as is seen in leiomyosarcoma, and desmin is negative.4 Factor xma positivity is also 

helpful, as cellular BFH is characteristically strongly positive for this antigen. The 

distinction from DFSP will be described under that section. 

Another variant of BFH which may cause diagnostic confusion is the atypical 

BFH, which has otherwise been referred to as "dermatofibroma with monster cells"5 or 

"pseudosarcomatous" cutaneous histiocytoma.6.7 Although these lesions present similar 

to the common BFH and have a recurrence rate similar to that lesion, its importance lies 

in its distinction from more ominous lesions, including atypical fibroxanthoma (AFX) 

and malignant fibrous histiocytoma (lv1FH). Histologically, atypical BFH shows many of 

the same features as the common BFH, but they are characterized by rare cells with 

prominent nuclear pleomorphism and large hyperchromatic nuclei. Although mitoses 
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may be present, they are not numerous, nor are they atypical. In contrast, AFX usually 

arises in actinically-damaged skin of the bead and neck of elderly patients.8 

Histologically, there is frequent epidermal ulceration (as opposed to epidermal 

hyperplasia seen in atypical BFH), and there is usually marked pleomorphism throughout 
' 

the lesion with numerous mitoses, many of which are atypical. It is possible that some of 

the lesions that have been diagnosed as AFX arising on the trunk of young adults may be 

examples of atypical BFH.9 

Aneurysmal BFH was originally described by Santa Cruz and K.yriakos as a 

distinctive variant of BFH characterized by central cystic hemorrhage, often leading to 

painful and rapid growth of the lesion:10 Clinically, these lesions present as solitary 

slowly-growing blue-brown nodules, typically in the extremities, and are often clinically 

misdiagnosed as vascular or melanocytic lesions. They tend to be larger than the 

common BFH, primarily due to the cystic change with extensive hemorrhage. 

Histologically, these lesions resemble the common BFH, except for the presence of large 

blood-filled spaces that are not lined by endothelial cells, but rather by flattened tumor 

cells. This lesion may be confused with the lesion that had been previously called 

"angiomatoid malignant fibrous histiocytoma," but is now referred to as angiomatoid 

fibrous histiocytoma. Given this name change, there is apt to be confusion between the 

aneurysmal BFH (which is benign) and the angiomatoid fibrous histiocytoma (which is of 

intermediate malignancy). The histologic distinction of these two lesions will be 

discussed under the section on angiomatoid fibrous histiocytoma. 

Epithelioid BFH is a rare and often unrecognized variant of cutaneous BFH, 

originally described by Wilson Jones in 1989.11 Clinically, this lesion typically presents 

as a solitary, polypoid cutaneous nodule in the extremities of middle-aged adults. The 

lesion occurs in the superficial dermis, is surrounded by an epidermal collarette, and by 

definition, over 50% of the cells have an epithelioid morphology. Fortunately, other 

areas usually show features of the common BFH, allowing for its distinction from other 

lesions with prominent epithelioid morphology, including Spitz nevus and 

reticulohistiocyto;na. Although other variants of BFH have been described, the ones 
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mentioned above are the variants that tend to cause the most diagnostic confusion, and 

are thus important to recognize. 

Dermatofibrosarcoma Protuberans 

Dermatofibrosarcoma protuberans (DFSP) is classified as a fibrobi.stiocytic tumor of 

intermediate malignancy most commonly arising in young to middle-aged adults with a 

slight male predilection.12 These lesions most often ari.se as slowly growing painless 

plaques, which over a period of time become nodular, and are most common on the trunk, 

proximal extremities and .head and neck. These lesions recur in up to 50% of cases, and 

recurrences are often multiple, with shorter duration between recurrences. The risk of 

recurrence appears to be related to the size of the lesion as well as the adequacy of 

excision. In the study by Roses et al, 13 41% of DFSP recurred with a surgical margin of 

2 em or less. Even with a surgical margin of 3 em or greater, the recurrence rate was 

20%. This most likely reflects the subtle pattern of infiltration of the underlying 

subcutaneous tissue, which is often more impressive than what is grossly appreciated. 

Thus, frozen section evaluation of the margins may be indicated to ensure complete 

excision. Gloster et a/. found a recurrence rate of 6.6% in patients with DFSP treated 

with Mohs micrographic surgery, when compared to a 10% recurrence rate for patients 

treated with wide excision.14 In a review of the world literature, these authors found the 

average recurrence rate of DFSP following Mohs micrographic surgery to be 0.6%, when 

compared to an 18% recurrence rate following wide excision. 

Histologically, DFSP are characterized by a uniform population of plump 

spindled cells arranged in a monotonous storiform pattern. At low magnification, there is 

little heterogeneity in the lesion, as compared to that seen in BFH. Cytologically, the 

cells .show little nuclear pleomorphism and typically there is low mitotic activity. 

Secondary elements, such as giant cells and xanthoma cells, which are commonly seen in 

BFH, are rarely found in DFSP. DFSP also infiltrate the underlying subcutaneous tissue 

in a manner that is not seen in BFH. In their study of 40 cases of DFSP, Kamino and 

Jacobson described infiltration of the underlying subcutaneous tissue in either a 

honeycomb or lacelike pattern (30% of the cases), or with a distinct multilayered pattern 

in which bundles of spindled cells were arranged parallel to the skin surface ( 60% of the 

cases ).3 In contrast, of 185 ·cases of the fibrous variant of dermatofibroma with extension 
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into the subcutaneous tissue, 28% of these lesions showed a sinooth and well-demarcated 

deep margin with bulging into the subcutaneous tissue. However, 72% of the cases 

showed irregular extension into the subcutaneous tissue in a ray-like pattern, 

predominantly along pre-existing fibrous septa, giving the infiltra~ve margin a wedge

shaped appearance. Thus, thorough evaluation of the deep margin is extremely useful in 

differentiating be:ween BFH and DFSP. The distinction between BFH and DFSP may be 

particularly challenging when only a superficial portion of the lesion is present in a 

biopsy specimen, since the relationship with the subcutaneous tissue is not available for 

examination. In addition, when DFSP. is in the plaque stage and does not significantly 

infiltrate the underlying subcutaneous tissue, these lesions may be even more difficult to 

differentiate from one another. 

The human hematopoietic progenitor cell antigen, CD34, is a 115kD monomeric 

transmembrane glycoprotein which is selectively expressed in hematopoietic progenitor 

cells in the bone marrow, as well as in some acute leukemias. In 1990, Nickoloff 

reported the presence of CD34-positive cells within the reticular and deep papillary 

dennis of the normal skin.15 Shortly thereafter, Cohen et a/ used a mo~oclonal antibody 

for CD34 to evaluate the expression of this antigen in a variety of benign and malignant 

vascular and spindled cell tumors.16 They found that 4 of 6 cases of DFSP stained 

positively with antibodies to CD34, but none of the 23 cases of fibrous-type 

dermatofibroma stained positively. Numerous other studies have shown DFSP to be 

almost uniformly CD34-positive. 

Factor Xllla, or fibrin-stabilizing factor, is a tetrameric protein that plays an 

important role in the coagulation system. Cerio and colleagues found a population of 

dermal dendrocytes within the upper papillary dermis which stained with antibodies to 

factor XIIIa.17 These cells appear to be cytologically similar to the CD34-positive dermal 

dendrocytes found in the reticular and lower papillary dennis, but are 

immunophenotypically distinct. Abenoza eta/ found factor Xilla immunopositivity in 40 

of 40 cases of dermatofibroma. Conversely, 75% of the DFSP tested contained no or 

very few factor XIIIa positive tumor cells.l8 In our experience, CD34 is .an excellent 

marker of DFSP, and stains very few BFH. Similarly, the vast majority of DFSP do not 
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show staining for factor xma, except for the presence of scattered, presumably non

neoplastic dermal dendrocytes that are entrapped within the tumor. The vast majority of 

BFH tend to show diffuse and intense factor XI!Ia immunoreactivity, 'with an 

accentuation of the peripherally located tumor cells.19 

Bednar Tumor 

Bednar tumor or pigmented DFSP accounts for fewer than 5% of all cases of DFSP, and 

present similarly and have a similar recurrence rate to DFSP.20 These tumors are 

characterized by scattered darkly pi~ented, melanin-containing dendritic cells with long 

cytoplasmic processes. The number of melanin-containing cells varies greatly within 

these tumors. In some, the number ofpigmented cells is so. sparse that they can only be 

appreciated microscopically. The pigment has been confirmed to be melanin both by 

histochemical methods (Fontana stain) and ultrastructurally by the presence of mature 

membrane-bound melanosomes. These cells have numerous interlocking processes 

invested with basal laminae, suggestive of schwann cell differentiation; however, in the 

study by Dupree et al, S-1 00 protein was not found to be present within these cells.2° 

Due to the paucity of cases, it is difficult to assess the biologic behavior of this tumor. 

However, its strong similarity to non-pigmented DFSP suggests that the biologic 

behavior is comparable. 

The presence of melanin-bearing cells in a neoplasm with a monomorphic 

storiform pattern is virtually diagnostic of a Bednar tumor. Non-pigmented cases of 

DFSP may be more difficult to differentiate from other lesions including: 

A2 

Benign iibrous histiocytoma: This lesion typically has a more heterogeneous 

appearance than DFSP, and often has a variable number of giant cells, xanthoma 

cells. inflammatory cells, and siderophages. Dense keloid-like collagen is often 

found at the periphery of the lesion. A grenz zone is .often present, as well as 

reactive epidermal hyperplasia. Although BFH may infiltrate the subcutis at the 

base of the lesion, the pattern of infiltration characteristic of DFSP (as described 

above) is not present. Immunohistochemica11y, BFH is typically negative for 

CD34 and positive for factor XI!Ia. 
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Atypical Fibroxanthoma: This lesion often has a storiform pattern similar to 

that of DFSP; however, the cells are typically more pleomorphic and 

hyperchromatic, and often show an increased number of mitotic figures, including 

atypical mitoses. 

Neurofibroma (diffuse form): The diffuse form of neurofibroma may be 

difficult to differentiate from DFSP, particularly when it is in the plaque stage. 

The cells of neurofibroma have a distinct wavy appearance and are typically 

deposited in a loose myxoid background. Immunohistocbemically, the majority 

of cells are S-100 positive. 

Myxold sarcomas: The myxoid form of DFSP may be difficult to differentiate 

from other myxoid sarcomas, in particular myxoid liposarcoma and myxoid MFH 

(so-called myxofibrosarcoma). However, myxoid DFSP bas a more superficial 

location and lacks lipoblasts. It also lacks the nuclear pleomorphism 

characteristic ofmyxoid MFH. 

Fibrosarcoma Arising l n DFSP 

Case 10. In a small percentage of cases ofDFSP, a portion of the twnor may resemble a 

fibrosarcoma (FS). Prior to 1997, fewer than 40 cases ofDFSP-FS had been reported in 

the literature. In 1992, Connelly and Evans reported 6 cases of DFSP-FS, and found a 

similar rate of recurrence when compared to typical DFSP.21 However, 2 of th.e 6 

patients in their series died of disease, one with metastasis. In their review of the 

literature, 6 of 28 patients (21%) developed metastases or fatal recurrence, a rate 

significantly higher than that seen in typical DFSP. Mentzel eta/ reported 41 cases of 

DFSP-FS,22 and they also found a significantly increased rate of metastasis and death in 

those patients with DFSP-FS, when compared to DFSP alone. However, only a few of 

the patients in this series were treated initially with wide local excision, as most of the 

patients were treated with either an incomplete excision or local excision. Thus, it is 

possible that more extensive initial surgery may decrease the risk of metastasis in those 

patients with DFSP-FS. In our experience of 18 patients with DFSP-FS treated with wide 
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local excision and at least five years of clinical follow-up, none of the patients developed 

metastatic disease.23 

Histologically, a fibrosarcomatous component can be identified by its increased 

cellularity and arrangement into longer fascicles, often with a "herringbone" growth 
' 

pattern, similar to that seen in deep soft tissue fibrosarcoma. In many cases, there is an 

abrupt transition between the less cellular monotonous storiform pattern o[ OFSP into the 

more cellular fascicular pattern of FS, often with the FS area in the deep portion of the 

tumor. In some cases, however, this transition from a storiform to a fascicular growth 

pattern is gradual, and may be. difficul~ to recognize. The FS component has more 

cytologic atypia and mitotic activity when compared to the surroundi.ng DFSP, and the 

FS component is often CD34 negative, or less intensely positive than the DFSP 

component.24 

Giant Cell Fibroblastorna 

Case 11. A lesion which has several features in common with and is certainly related to 

DFSP is giant cell fibroblastoma (GCF), fust described in 1982 by Shmookler and 

Enzinger.25 Most GCF occur in young patients (the majority of which are less than 5 

years of age) with a male predominance, typically presenting as a painless, slowly 

enlarging subcutaneous mass. The anatomic distribution is similar to DFSP - that is, they 

occur most commonly on the trunk and less often on the extremities and head and neck. 26 

Review of the literature reveals that almost 50% of these lesions locally recur, although 

there have been no well-documented cases of metastasis (hence its designation under the 

heading of fibrohistiocytic tumor of intermediate malignancy). 

Histologically, these lesions typically involve the dermis and subcutis, and are 

characterized by hyperchromatic or stellate-shaped cells deposited in a collagenous to 

myxoid matrix. Scattered throughout the lesion are hyperchromatic multinucleated 

floret-like giant cells and characteristic "pseudovascular" or "angiectoid" spaces that are 

lined by the spindled and giant cells, as opposed to endothelial cells. In some areas, the 

lesion may closely resemble DFSP, with areas of increased cellularity and a more well

defined storiform pattern. Immunohistochemically, most cells express vimentin and 

CD34.17 
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There continues to be great controversy regarding the histogenesis of GCF, 

including theories of myofibrohistiocytic, fibrohistiocytic, fibroblastic and perineural 

origin. The possible relationship between GCF and DFSP was initially raised by 

Sbmookler eta/ in 1989, as indicated by the title of their paper "Giant cell fibroblastoma: 
' 

A juvenile form of dermatofibrosarcoma protuberans. "26 Although GCF tends to occur in 

younger patients than DFSP, these two entities share many clinical -~haracteristics, 

including a predilection for the trunk, and similar recurrence rates. In addition, there are 

many reports of tumoiS with histologic features overlapping GCF and DFSP.28 Finally, 

both tumors characteristically express CD34, and both have been found to harbor an 

identical t(l7;22) involving the COLlA! and PDGFB genes.28
"
30 

Angiomatoid Fib rous Histiocytoma 

Previously termed "angiomatoid malignant fibrous histiocytoma," the World Health 

Organization Committee for the Classification of Soft Tissue Tumors has renamed this 

entity "angiomatoid fibrous histiocytoma" to reflect the rarity of metastasis and excellent 

prognosis.' This tumor most commonly occurs in young patients, typically less than 20 

years of age, and is rarely found in patients over the age of 40 years.31 The lesion most 

often occurs as a well-circumscribed nodule in the deep dermis or subcutis of the 

extremities. They may be painful, and occasionally patients manifest systemic symptoms 

such as fever, anemia, and weight loss, possibly due to the production of cytokines by the 

neoplastic cells. 

Histologically, angiomatoid FH is typically nodular or multinodular and is 

surrounded by a dense fibrous pseudocapsule. The most characteristic feature is the 

presence of irregularly-shaped blood-filled spaces that are lined by tumor cells (not 

endothelium). The surrounding tumor cells may be spindled or have a round to ovoid 

shape, and resemble histiocytes, although their true nature remains unknown. These 

histiocyte-like cells have a faintly staining eosinophilic cytoplasm that often contains a 

dusky yellow-brown pigment, due to the phagocytosis of hemosiderin by tumor cells. 

Although most cases are characterized by a monomorphic population of these histiocyte

like cells, about 20% of cases show nuclear pleomorphism, usually as a focal feature. 31 
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Mitoses are present, but are not numerous. The nodules of histiocyte-like cells are 

typically surrounded by a dense lymphoplasmacytic infiltrate that may have germinal 

centers, and may cause confusion because of the striking resemblance to a lymph node. 

The differential diagnosis for angiomatoid FH is relatively ,limited. Firstly, the 

presence of a peripherally located lymphoplasmacytic infiltrate with germinal centers 

may cause confusion with a metastasis to a lymph node. More commonly, this lesion can 

be mistaken for a benign fibrous histiocytoma, particularly the aneurysmal variant. As 

mentioned previously, aneurysmal BFH tends to occur in older patients (as opposed to 

younger patients with angiomato!d FH), is not associated with systemic symptoms, is 

typically located in the dermis (as opposed to deep dermis and subcutis), and most 

importantly, will show other areas of typical BFH. 

Aogiomatoid fibrous histiocytoma does not have a characteristic 

immuoophenotype, thus causing controversy regarding its histogenesis. In 1991 , Smith 

et af evaluated the immuoophenotype of 19 cases of angiomatoid FH and found almost 

50% stained positively for KPl (CD-68).32 As Smith et af suggest, it is likely that KPI 

positivity represents the phenotypic expression of the acquisition of lysosomes and 

phagocytic activity, as indicated by the presence of hemosiderin in many of the tumor 

cells. Fletcher found desmin positivity in 5 of 6 cases, and suggested that this tumor may 

be of myoid origin.33 Fanburg-Smith and Miettinen evaluated the immunophenotype of a 

large number of cases of angiomatoid fibrous histiocytoma.34 Desmin positivity was 

noted in 51% of cases, most of which showed scattered similar desmin-positive cells in 

the surrounding lymphoid infiltrate adjacent to the tumor. Muscle-specific and smooth 

muscle actin were positive in 14% of cases. However, MyoDI and myogenin were 

negative in all tumors studied. Forty-five percent of cases stained for CD99. Fifteen 

percent of cases were positive for CD68 (KPI). All of the tumors were negative for 

CD21, CD35, SlOO protein, CD34 and cytokeratins. 

In Enzinger's original series {which be classified as angiomatoid MFH), II of 24 

(46%) patients developed local recurrence, 5 patients (21 %) developed metastatic 

disease, and 3 patients (13%) died of disease.35 How11ver, in a much larger study of 108 

patients by Costa et al, local recurrence developed in only 12% of patients, all of whom 

were cured by re-excision.l1 Only 5% of patients developed metastatic disease, and only 
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one patient died of disease. These authors explain this differimce in clinical behavior by 

the fact that their cases were diagnosed prospectively, and in most instances had been 

treated adequately with wide local excision. In the study by Fanburg-Smith and 

Miettinen,34 clinical follow-up on 86 patients indicated that only 911e patient was alive 

with a local nodal metastasis ( I% frequency of metastasis} within one year, and two 

others had local recurrence, all over a mean follow-up period of six years. 

Recently, several cases of angiomatoid FH have been reported to contain a 

t(l2;16}(q13;pll), resulting in the formation of a chimeric protein containing the N

terminus of the PUS gene and the DNA-binding domain of the ATFI gene.36.3
7 In 

addition, a single case of angiomatoid FH with an EWS/ATFl fusion has also been 

described. 38 

Table 1: Comparison of histologic features in DFSP and benign fibrous histiocytom a (BFB) 

DFSP BFH 
Monotonous storiform pattern + -
Secondary elements - + 
Polarizable collagen bundles - + 

Subcutis infiltration + -
Epidermal hyperplasia - + 

lmmunohistochenJistry CD34 Fl3a 
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Cases 12 and 13 

High-grade round cell tumors 

Case 12: A 46-year-old female present to the emergency room witli complaints of 
abdominal pain and feeling of fullness after meals. She also noted an increasing 
abdominal girth. CT scan of the abdomen and pelvis revealed a 25-cm pelvic mass, 
which was resected. 

Diagnosis: Ewing's sarcoma/PNET family of tumors 

Case 13: 17-year-old male with a 15-cm i:ntraabdominal mass. 

Diagnosis: Desmoplastic small round cell tumor 

Dl.scussion: 

The differential diagnosis of small round cell tumors is broad and includes 

rhabdomyosarcoma, neuroblastoma, poorly differentiated synovial sarcoma, 

mesenchymal chondrosarcoma, small cell osteosarcoma, round cell liposarcoma, 

lymphoma, Merkel cell carcinoma (and small cell carcinoma), desmoplastic round cell 

tumor, and finally the histogenetically-related entities of Ewing's sarcoma and peripheral 

neuroepithelioma (peripheral primitive neuroectodermal tumor). Although the light 

microscopic features are extremely useful in narrowing this differential diagnosis, very 

often, ancillary studies such as immunohistochemistry, electron microscopy, 

cytogenetics, and even molecular genetic studies may be useful in differentiating these 

entities. 

Case 12. A review of the literature over the past ten years reveals a remarkable 

evolution in the concepts regarding the histogenesis of osseous and extra-osseous Ewing's 

sarcoma (ES) and peripheral neuroepithelioma, also known as PNET. Through a slow 

accumulation of data, it bas become apparent that these entities are histogenetically 

related. Since its initial description by James Ewing in 1921 , ES was felt to arise only in 

bone, and it was not until 1975 when Angervall and Enzinger descnlled the first cases of 

extra-osseous ES. 1 PNET, since its initial description by Arthur Purdy Stout in 1918 as a 

CTTR 121 u Semi·Annual Slide Semin11r Sojl Tissue Tumors 51 



round cell tumor of ulnar nerve,2 has been documented in soft tissue unassociated with a 

nerve,3 as well as within bone.4 Thus, each of these lesions have histologic counterparts 

in both bone and soft tissue. As discussed below, these entities have histologic, 
'· 

immunohistochemical, ultrastructural, cytogenetic and molecular ge?etic features that are 

overlapping, further supporting the relationship between these neoplasms. 

In 1983, Aurias et al described a consistent primary chromosomal change, the 

reeiprocal t(ll;22)(q24;ql2) in ES.5 In 1984, Whang-Peng et al described the exact same 

translocation in PNET.6 Since then, numerous additional studies have found this 

translocation (or variants) in most cases (90-95%) of ES as well as PNET, and this 

translocation appears to be very specific for these entities. No 

The chromosomal breakpoints involved in this translocation have recently been 

identified at the molecular level and most cornmoruy involve the jUX:taposition of the FLI-

1 gene on chromosome II to the EWS gene on chromosome 22, resulting in the 

production of a novel chimeric EWS/FLI-1 gene.11 The gene in turn produces a chimeric 

transcript and protein, the function of which is unknown. Less commonly, the EWS gene 

is fused to the 3 portion of the ERG gene on 2lql212 or the ETVl gene on 7p22.13 

Although cytogenetic analysis is extremely useful for diagnostic purposes, there are some 

inherent problems with this technique. Fresh tissl.)e must be procured at the time of 

excision and handled immediately and in a proper manner. In addition, this technique is 

time consuming, labor-intensive, and requires expertise in interpretation. Most 

importantly, successful karyotypes are obtained in ES/PNET in less than 50% of cases. 

Thus, other molecular techniques such as Southern blotting, reverse transcriptase

polymerase chain reaction (RT-PCR) and fluorescent in situ hybridization (FISH) have 

been developed, which can be done using fresh or frozen tissues, are less time 

consuming, and are sensitive and specific. FoE example, using RT-PCR, Delattre et a/ 

amplified the fusion transcripts from 58/60 (97%) cases ofES, and 25/27 (93%) cases of 

PNET, whereas none of the other 12 round cell tumors tested were found to have this 

fusion transcript.14 More recently, these techniques have been applied using paraffin

embedded formalin-fixed tissue. 15 There is some suggestion that the type of fusion 

transcript formed is of prognostic significance, independent of tumor site, stage and 

size. 16 
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Numerous data have been published regarding the product of the MIC-2 gene 

known as the HBA-71 antigen, glycoprotein p30132, or CD99. The MIC-2 gene is a 

pseudoautosomal gene located on the short arms of the sex chromosomes.15 The product 

of this gene was initially characterized by Levy e/ a/ using the ~onoclonal antibody 

12E7. Since then, a number of other monoclonal antibodies have been developed that 

recognize this antigen, including RFB-1, HBA-71 and 013. Numerous studies have 

evaluated the utility of these monoclonal antibodies in the differential diagnosis of small 

round cell tumors. Cumulating this data (keeping in mind that different monoclonal 

antibodies were used in these various _studies), approximately 90 to 95% of ES/PNET 

have been found to stain for the MIC-2 gene product (membranous pattem).16 Although 

rare examples of rhabdomyosarcoma have been found to stain for this antigen, the vast 

majority of rhabdomyosarcomas, as well as cases of small cell osteosarcoma, 

desmoplastic round cell tumor, mesenchymal chondrosarcoma, and neuroblastoma are 

CD99-negative. The only major caveat is the frequent CD99 positivity in T -cell 

lymphoblastic lymphoma and T -cell acute lymphocytic leukemia. 17 Since lymphoblastic 

lymphoma may be negative for leukocyte common antigen, both B and T cell markers 

and TdT should also be included in the immunohistochemical panel. 

ES vs PNET: Is ther e really any difference in prognosis? 

All of the data presented above support the histogenetic relationship between ES and 

PNET, and both of these lesions can be thought of as lying on different ends of a 

spectrum of neuroectodermal differentiation. An important question to be answered is 

whether there is any clinical significance in differentiating between these lesions. 

Unfortunately, the answer is not yet completely known. The problem lies in the 

variability of criteria between these studies in clas8ifying these lesions as either a ES or a 

PNET.1a.23 While some studies require histologic evidence of rosette formation for a 

diagnosis of PNET, others require immunohistochemical evidence of neural 

differentiation, with or without rosettes. Thus, uniform diagnostic criteria must be 

established, and prospective studies with a large number of patients who are uniformly 

treated must be initiated in order to know the true difference in prognosis between ES and 
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PNET. Parham et a/ studied 63 ESIPNET from patients who were uniformly treated in 

order to determine the prognostic significance of neuroectodermal differentiation.22 

Tumors were classified as PNET if they showed either ro.settes and/or the 

immunohistochemical expression of at least two neural mark~IS. Using another 

classification scheme, tumors were classified as PNET if they showed rosettes and/or the 

immunohistochemical staining for at least four neural markers. Finally, using a third 

classification scheme, tumors that showed ultrastructural evidence of neural 

differentiation were also classified as PNET. However, using any of the above 

classification schemes, the authors were unable to show any difference in clinical 

outcome in those patients with and without neuroectodermal differentiation. 

ESIPNET: Clinical features 

Most patients with osseous and extra-osseous ES are adolescents or young adults, with 

the majority of patients being Jess than 30 years of age. Although the mean age of PNET 

is similar to that seen in ES, there tends to be a broader age range, with a significant 

number of patients over the age of 30 years. 18
•
23 There is a slight male predominance for 

both ES and PNET. While PNET has a predilection for the thoracopulmonary region 

(Askin tumor or malignant small round cell tumor of the thora.copulmonary region), ES is 

more common in the lower extremities and pelvis. 

ES/PNET: Light Micr oscopy 

Extra-osseous ES is histologically identical to ES of bone, and is composed of solidly 

packed, uniform small cells arranged in a lobular pattern separated by dense fibrous 

septa. At low magnification, there is nuclear uniformity, and nucleoli are inconspicuous, 

as are mitotic figures. The nuclear chromatin is fine and powdery, and there is a thin rim 

of pale cytoplasm that often is filled with glycogen (PAS-positive and diastase-sensitive). 

Hemorrhage and necrosis are often prominent. On the other end of the spectrum, PNET 

are characterized by more irregularity in nuclear size and shape, as well as a coarsening 

of the chromatin, more prominent nucleoli, and increased mitotic figures. In addition, 

rosettes of varying typeS, including Homer Wright, Flexner-Wintersteiner and 

perivascular rosettes are typically seen. However, in between these ends of the spectrum 
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are a variety of architectural and cytologic features in which it is unclear whether the 

lesion is best classified as an ES or a PNET. The entity of "atypical Ewing's sarcoma" 

has been proposed to include some of these cases between the two ends of the histologic 

speclrum.24 However, the cut-off between ES and atypical ES, and,'between atypical ES 

and PNET is unclear and somewhat arbitrary. 

ESIPNET: Ultrastructure 

Typical ES is a primitive neoplasm composed of uniform round cells devoid of specific 

features, and characterized by abuildant geposits of cytoplasmic glycogen. On the other 

end, PNET shows ultrastructural evidence of some degree of neural differentiation, 

including rare dense-core granules, neuritic cell processes, neurofilaments and 

neurotubules. Similar to that seen histologically, there is a broad spectrum of 

ultrastructural features between these two extremes that may be seen. The histologic and 

ultrastructural features of this spectrum have been summarized by Navarro et a/, but it is 

unclear where to draw the line between these various entities?4 

ES/PNET: Immunohistochemistry 

As mentioned above, the most specific marker of these lesions is the MIC-2 gene 

product, HBA-71 (or CD99). Numerous studies have evaluated the frequency of 

positivity of a variety of neural markers, including NSE, Leu-7, S-1 00, synaptophysin 

and PGP9.5. Although PNET tend to express one or more of these neural markers with 

greater frequency than that seen in ES, there is significant overlap in the expression of 

these markers. However, it must be kept in mind that in many of these studies, the 

immunohistochemical expression of neural markers is used as part of the criteria to 

differentiate ES from PNET. Several recent studies have found that these tumors express 

cytokeratin more often than had previously been realized.25 For example, in th.e study by 

Gu et a/, immunoreactivity to cytokeratin was present in 20% of ES, all of which were 

proven by molecular diagnostic studies. 25 
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Case 13 is an example of a DSRCf. In 1989 Gerald and Rosai described a 

unique polyphenotypic neoplasm that has become known as the desmoplastic small round 

cell tumor. 26 Typically, patients present with abdominal distention, ·and a large intra

abdominal mass with smaller peritoneal implants, particularly in the pelvis. Although 
' 

originally descn'bed as the "intra-abdominal" desmoplastic round cell tumor, these tumors 

have also been described as occurring outside of the abdomen (pleura, CNS, peripheral 

soft tissues).21 Histologically, the neoplasm is composed of sharply outlined islands of 

tumor cells that are separated by a "desmoplastic" stroma containing myofibroblasts and 

prominent vascularity. There is often a suggestion of peripheral palisading of these 

tumor islands, occasionally with central necrosis. The individual cells are relatively 

uniform, small and round to oval, with hyperchromatic nuclei, inconspicuous nucleoli 

and scanty cytoplasm. Mitoses are easily identified. Rarely, cells with peripherally 

located nuclei and increased eosinophilic cytoplasm with a perinuclear clear zone 

("rhabdoid" cells) are seen. Despite this classic histology, the morphologic profile of this 

tumor continues to expand, as Ordonez found that up to one-third of these tumors have 

atypical histologic features.28 

lmmunohistochemically, these lesions have a characteristic polyphenotypic 

profile, with coexpression of cytokeratin, virnentin, desmin and NSE. The pattern of 

desmin immunoreactivity is unique, \vith a characteristic perinuclear dot-like pattern of 

staining. Most cases studied thus far have been negative for CD99, although up to 20% 

of cases may show focal membranous staining/ 9 Interestingly, a characteristic 

cytogenetic abnormality has been associated with this neoplasm, t(ll;22)(pl3;ql2). The 

breakpoint on chromosome 22 in this tumor is the same as that seen in ES/PNET (EWS 

gene). However, the locus on chromosome II in the desmoplastic round cell tumor 

involves the Wilms' tumor gene (WTJ). TheEWS-WTI fusion transcript can be detected 

using RT-PCR/0 and an antibody that recognizes the carboxy terminus portion of the 

WTl gene product has recently been developed and appears to be highly sensitive and 

quite specific in recognizing this tumor.31 
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Alveolar Rhabdomyosarcoma 

Rhabdomyosarcoma, particularly alveolar rhabdomyosarcoma (A-RMS), is important to 

differentiate from ES/PNET, given the different therapeutic modalities which are used. 

Although there may be some overlap in the age distribution, A-~S often occurs in 

younger patients than in ES/PNET. A-RMS is composed of poorly differentiated round 

cells with hyperchromatic nuclei, inconspicuous nucleoli and scanty cytoplasm. These 

cells are separated by a regular framework of fibrous septa and typically, there is a central 

loss of cellular cohesion with the formation of "alveolar" spaces. The cells found in the 

center of these "alveoli" often show necr~sis or degeneration. These "alveoli" are 

typically found in the central portion of the tumor, whereas the periphery is often 

composed of solid areas. On occasion, the entire neoplasm is composed of these solid 

areas (solid variant of A-RMS), and this variant in particular may be extremely difficult 

to differentiate from the other round cell tumors. Unfortunately, rhabdomyoblasts are 

only present in approximately 30% of cases, although if one examines the neoplasm 

closely, one will often come across cells with an increased amount of eosinophilic 

cytoplasm, even if cross striations are not seen. Giant cells with a wreath-like 

configuration of nuclei are often prominent 

Histochemically, about 30% of RMS have glycogen, and thus, the presence of 

PAS-positive-diastase-sensitive material does not help to differentiate RMS from 

ES/PNET. Immunohistochemically, rhabdomyosarcomas typically express myogenic 

markers, including actin, desmin and the newly described MyoD I. MyoD I is part of the 

MyoD family of genes, which encode a series of DNA binding proteins that are involved 

in the initiation of myogenic differentiation.32 These genes are expressed at the earliest 

stages of commitment of a mesenchymal cell to striated muscle, and antibodies to 

MyoDI and myogenin appear to be the most sensitive markers of skeletal muscle 

differentiation.33 Rare cases of rhabdomyosarcoma express CD99, although the majority 

are negative for this antigen. The expression of neural markers, particularly NSE, has 

been described in rhabdomyosarcomas and should not necessarily dissuade one from 

making this diagnosis. Finally, alveolar rhabdomyosarcoma has a consistent 

translocation, t(2;13)(q35;ql4),34 resulting in the fusion of the PAX 3 gene on 
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chromosome 2 to the FKHR gene on chromosome 13.35 Downing et al utilized RT-PCR 

to detect the chimeric fusion trnnscript in A-RMS with a high degree of sensitivity and 

specificity.36 Recently, several studies have been able to identify the P.AX31FKHR fusion 

transcript using small fonnalin-fixed biopsies with a modified RT- P~R technique.37 

Once a diagnosis of rhabdomyosarcoma is established, it is important to properly 

subtype the tumor, given the prognostic implications. However, as noted by Asmar et al., 

pathologists are not particularly good at subclassifying rhabdomyosarcomas, as there is a 

fairly high degree of both inter and intra-observer variation in classifying these tumors?8 

These authors found that a modification of the conventional system proposed by Hom 

and Enterline39 showed the least degree of inter and intra-observer variation. Newton et 

at., in collaboration with the Intergroup Rhabdomyosarcoma Study (IRS), recently 

proposed a classification of rhabdomyosarcoma which shows both reproducibility and 

prognostic significance.40 Tumors having a superior prognosis include both botryoid and 

the recently recognized spindle cell variants of embryonal rhabdomyosarcoma. The usual 

type of embryonal rhabdomyosarcoma has an intennediate prognosis, whereas alveolar 

rhabdomyosarcoma, including the solid variant, has a poor prognosis. 

Metastatic Neuroblastoma 

Metastatic neuroblastoma may also be difficult to differentiate from these other round 

cell tumors, particularly PNET. Patients with neuroblastoma are typically younger than 

those with PN, with 90% of patients being diagnosed by the age of 5 years. 

Neuroblastoma is extremely rare in adolescents and adults. These patients often have 

elevated catecholamine metabolite levels in the urine. Neuroblastomas arise from either 

the adrenal gland, or extra-adrenal sympathetic ganglia, although metastases may be seen 

in virtually any location. 

Histologically, neuroblastomas that are composed virtually entirely of small, 

round, undifferentiated cells are particularly difficult to differentiate from PNET. These 

small cells have dark nuclei with clumped chromatin, inconspicuous nucleoli, scanty 

cytoplasm, and are often divided into small lobules by fibrovascular septa. Typically, 

some cells with peripherlllly located larger nuclei with vesicular chromatin and increased 

eosinophilic cytoplasm (representing inttnature ganglion cells) are seen. Similar to 
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PNET, neuroblastomas are characterized by rosettes of various types, including Homer 

Wright rosettes, with the cells deposited in a fibrillary background. Calcifications are 

often seen, and mature ganglion cells may be present Imm~ohistochemically, 

neuroblastomas do not stain for CD99, actin, or desmin. Although' the vast majority of 

neuroblastomas stain for neural markers, particularly NSE, the expression of neural 

markers overlaps with that seen in PNET. Miettinen et al. reported a high degree of 

sensitivity of the monoclonal anboody NB84 in recognizing neuroblastoma. 41 However, 

in addition to neuroblastoma, this marker was found in ES/PNET and DSRCT in 20% 

and 50% of cases, respectively. 

Neuroblastoma is also characterized by a consistent cytogenetic abnormality, with 

deletion of the short arm of chromosome 1 (Ip-).42 Finally, amplification of the N-myc 

gene is frequently seen in neuroblastoma, and is of prognostic value.43 

Mesenchymal Chondrosarcoma 

Mesenchymal chondrosarcoma is a rare neoplasm that typically occurs in young adults 

(second to third decade). Approximately 20% of these neoplasms are .extra-osseous, and 

are most common in the cranial or spinal meninges, orbit and soft tissues of the thigh.44 

Histological.ly, the neoplasm is characterized by a biphasic appearance of small nests or 

nodules of well-differentiated cartilage intimately admixed with undifferentiated round or 

slightly spindled cells with hyperchromatic nuclei and scanty cytoplasm. Frequently, a 

hemangiopericytoma-like vascular pattern is present. Although the bipbasic appearance 

is characteristic, this may not be seen on a small biopsy, making distinction from other 

round cell tumors difficult. Immunohistochemically, mesenchymal chondrosarcomas do 

not express cytokeratin or myogenic markers, but variably express neural markers, 

including S I 00 protein. Granter et a/. found II of II cases of mesenchymal 

chondrosarcoma to express the CD99 antigen.45 All cases showed strong reactivity 

involving more than 50% of the cells, with the characteristic membranous pattern of 

staining. In addition, there have been reports of mesenchymal chondrosarcoma with the 

t(J I ;22) translocation characteristically found in the ES/PNET family of tumors, raising 

the possibility that these are histogenetically related.46 
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Round Cell Liposarcoma 

Round cell liposarcoma is a poorly differentiated form of myxoid liposarcoma, and 

typically acts as a high-grade sarcoma. Histologically, the cells ~ relatively uniform, 

small and round with vesicular nuclei. The fine plexiform vasculature that is so 

characteristic of myxoid liposarcoma is often inconspicuous in the round cell ar~as. This 

neoplasm may be very difficult to recognize, particularly on a needle biopsy without a 

component of myxoid liposarcoma. We have found that a round cell component of >5% 

portends an increased risk of recutrence, metastasis, and death due to disease.47 As .in 

rnyxoid liposarcoma, round cell liposarcoma is also characterized by a t(l2;16)(ql3;pll), 

and the resultant CHOPIFUS fusion product can be detected using RT-PCR or FISH. 

Poorly Differentiated Synovial Sar coma 

Poorly differentiated synovial sarcoma is composed of small round-to-oval cells with 

little cytoplasm, often separated by a hemangiopericytoma-like vascular pattern. Unless 

one sees other areas of either biphasic or monophasic synovial sarcoma of lower grade, 

this lesion may be extremely difficult to separate from some of the other round cell 

sarcomas, particularly malignant hemangiopericytoma. In addition, the poorly 

differentiated form of synovial sarcoma is less likely to express cytokeratin.48 Further 

adding to the difficulty, some cases of poorly differentiated synovial sarcoma also 

express the CD99 antigen, making distinction from a ESIPNET exceedingly difficult.48
•
49 

We have found the use of cytokeratin subsets useful in this regard, as a substantial 

proportion of poorly differentiated synovial sarcomas stain for cytokeratins 7 and 19, 

while ESIPNET rarely, if ever, stain for these BQ.tigens.50 Detection of the resultant SSX-

1 or SSX-2/SYT fusion transcript by FISH or RT-PCR may serve as a diagnostic aide in 

these cases as well. 51 

Small Cell Osteosar coma 

Small cell osteosarcoma (SCOS) is also in the differential diagnosis of round cell tumors 

involving bone. This entity was fust described by Sim et a1 in 1979.52 These lesions 

typically occur in young patients ( <30 years), and are found in the same anatomic 
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locations as the usual osteosarcoma. Histologically, the neoplasm is composed of cells 

which are indistinguishable from those seen in typical Ewing's sarcoma, although 

variants which more closely resemble lymphoma (lymphoma-like small cell 

osteosarcoma) and spindled cell variants have also been descn0ed.53~ The diagnosis can 

only be made if definitive osteoid is identified. However, osteoid may be found only 

focally, and is often absent in small biopsies. Similar to many of the other small round 

cell tumors, the presence of glycogen has been documented in SCOS.53 

Immunohistochemically, CD99 has bee.n identified in only a small percentage of cases of 

SCOS. Rare cases have been found to expr~ss cytokeratin, muscle-specific actin, smooth 

muscle actin and neural markers (NSE and Leu-7). Interestingly, the same translocation 

as is typically seen in ESIPNET has been descn'bed in a case of small cell 

osteosarcoma,55 raising the possibility that this neoplasm is histogenetically related to 

those entities. 
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Case 14 

High-grade malignant epithelioid neoplasms 
' 
' 

Case 14: 75-year-old male with a 23-cm mass in the right buttock region. 

Diagnosis: High-grade epithelioid angiosarcoma 

Discussion: 

Case 14 is an example of a high-gra~e epithelioid angiosarcoma, and it is meant to 

discuss the differential diagnosis of high-grade malignant epithelioid neoplasms, 

including epithelioid vascular tumors. 

A variety of vascular lesions with epithelioid endothelial cells have been 

described, ranging from benign tumors (epithelioid hemangioma) to those of intermediate 

or borderline malignancy (epithelioid hemangioendothelioma) to those that are overtly 

malignant (epithelioid angiosarcoma). Angiosarcomas with a predominantly epithelioid 

morphology have been well desqibed in a variety of locations ~eluding the skin, 1 

thyroid, 2 deep soft tissues3•
4 and adrenal gland. s The epithelioid endothelial cells in these 

lesions may so closely resemble epithelial cells that an erroneous diagnosis of carcinoma 

is highly possible. Compounding the morphological resemblance to carcinoma is the 

immunohistochemical finding of cytokeratin expression in epithelioid vascular 

neoplasms. In 1987, Lothar et af' found cytokeratin immunoreactivity in non-neoplastic 

endothelial cells in humans using a broad panel of monoclonal antibodies for 

cytokeratins. The authors noted the endothelial cells that appeared plump (epithelioid) 

tended to be the ce1ls that were cytokeratin-positive. In 1990, Gray et al found 

cytokeratin positivity in 2 of 7 epithelioid vascular tumors, including one epithelioid 

hemangioendothelioma and one epithelioid angiosarcoma.7 Both cases were confirmed 

to be vascular neoplasms, both immunohistochemically and ultrastructurally. Since then, 

cytokeratin immunoreactivity has been found in epithelioid angiosarcomas in a variety of 

locations including the thyroid, deep soft tissues, adrenal gland and pulmonary artery. 8 

More recently, Miettinen and Fetsch more fully described :he distribution of cytokeratins 
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in normal endothelial cells as well as a spectrum of vascular· neoplasms.9 Specifically, 

cytokeratin 7 was detected in 6 of 17 epithelioid angiosarcomas. In addition, cytokeratin 

8, cytokeratin 18 and epithelial membrane antigen were detected in 7 of 18, 9 of 14 and 4 

of 16 cases of epithelioid angiosarcoma, respectively. 

If one is to arrive at the proper diagnosis of an epithelioid angiosarcoma in this 

case, one must think of performing markers that recognize vascular endothelial 

differentiation. Factor VIII-related antigen was the first widely used 

immunohistochemical marker of endothelium and is felt to be a highly specific marker in 

recognizing this cell type. However, despite its specificity, this marker lacks sensitivity, 

as some benign vascular lesions and a greater proportion of malignant vascular lesions 

have been found to be factor VITI-related antigen-negative. 1~12 In addition, this stain is 

often very difficult to interpret given the high level of background staining. 

CD34 is a cell-surface glycoprotein that is expressed by hematopoietic stem cells 

as well as endothelial cells.13 Numerous studies have confirmed the utility of CD34 in 

identifying both benign and malignant vascular tumors.1+16 In a comprehensive review 

of CD34, van de Rijn and Rouse found that CD34 stained the vast majority of 

hemangiomas, epithelioid hemangioendotheliomas and angiosarcomas, including 

epithelioid angiosarcoma.17 In addition, the vast majority of cases of Kaposi sarcoma 

extracted from the literature were also found to be positive for this marker, including the 

spindle cell component. However, CD34 suffers from a lack of specificity, as this 

antigen has also been found to mark a diverse group of mesenchymal neoplasms 

including DFSP, giant cell fibroblastoma, solitary fibrous tumor, hemangiopericytoma, 

epithelioid sarcoma and GIST. 

CD3 I or PECAM-1 is another fairly recently characterized immunohistochemical 

marker (or detecting vascular endothelial differentiation. DeYoung et a/ found CD31 

positivity in 10 of 10 hemangiomas and 12 of 12 angiosarcomas, including several 

examples of epithelioid angiosarcoma, but they found 194 other non-vascular tumors to 

be CD31-negative.'8 In a follow-up study, DeYoung et a/ evaluated CD31 

immunoreactivity in 290 malignant neoplasms, either carcinomas or mesotheliomas. 19 

All 9 pleural-based mesotheliomas were CD3 I -negative, and only 7 of 281 carcinomas 

stained focally for this antigen. Thus, CD31 is clearly a reliable marker of endothelial 
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differentiation and rarely marlcs other epithelioid neoplasms in the differential diagnosis. 

One pitfall that one must keep in mind is the fact that CD31 expression may be found in 

intratumoral macrophages, as reported by McKenney et a/.20 In. this study, CD31 

positivity was not detected in the lesional cells of any non-vascular ~eoplasm. However, 

CD3l-positive macrophages were identified in 48 of 59 cases (81%). In fact, in these 

cases submitted in consultatio.n, a vascular tumor was diagnosed or favored by the 

referrihg pathologist in IS of39 cases (38%). The misdiagnosis of a vascular neoplasm 

was based prinoarily or in part on the misinterpretation of CD31-positive macrophages as 

tumor cells. In all cases with CD34 ~d CD68 immunostains, the CD31-positive 

macropbages were CD34-negative and CD68-positive. Moreover, the pattern of CD31 

expression within intraturnoral macrophages is that of a granular, membranous pattern, 

which is distinct from that seen in ttue vascular tumors. 

Finally, Fli-1 protein, a member of the ETS family of DNA binding transcription 

factors, has also been found to be an excellent marker of vascular neoplasms, as reported 

by Folpe and colleagues.21 Approximately 90% of Ewing's sarcoma/primitive 

neuroectodermal tumors have a specific translocation, t( II ;22)( q24;q 12), which results in 

the fusion of the EWS gene on chromosome 22 to the Fli-1 gene on chromosome 11, 

resulting in the production of an EWS-Fli-1 fusion protein. It was noted in earlier studies 

of ESIPNBT that Fli- 1 expression was also detected in non-neoplastic endothelial cells. 

In the study by Folpe et a/, Fli-1 was expressed by 50 of 53 vascular tumors (94%), 

including 20 of 22 angiosarcomas, 11 of 12 hemangioendotheliomas, 7 of 7 

hemangiomas and all 12 examples of Kaposi sarcoma. In contrast, Fli-1 expression was 

not detected in the 68 non-vascular neoplasms evaluated, including 16 sarcomas, 7 

melanomas and 45 carcinomas. Thus, Fli-1 is a novel marker of both benign and 

malignant vascular neoplasms with a reported sensitivity and specificity of 94% and 

I 00%, respectively. 

There are relatively few clinicopathologic studies that have specifically evaluated 

the clinicopathologic features of angiosarcomas arising in the deep soft tissues. In 1991, 

Fletcher et a/ reported 8 cases of epithelioid angiosarcoma arising in the deep soft 

tissues.3 All of the patients were males (mean age: 58 years), and all of these tumors 
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arose within the limbs or limb girdle. Immunohistochem.ically, all 8 tumors coexpressed 

cytokeratins as well as markers of vascular endothelium. In 3 cases, endothelial 

differentiation was confirmed by ultrastructural analysis. Clini~ follow-up was 
•' 

obtained in six of these 8 cases. Four of these 6 patients developed metastatic disease, 2 
' 

of which also died from disease at 2 and 4 months. 

More recently, Meis-K.indblom et. a/ reported a series of 80 cases of angiosarcoma 

of soft tissue. 4 Most of these lesions occurred in the extremities, followed by the trunk 

and the head and neck region, with the thigh and the retroperitoneum being the most 

common sites. Seventy percent of .these tumors had focal or diffuse areas composed of 

epithelioid cells arranged in nests, clusters, papillae or gaping vascular channels. All 42 

cases tested showed at least focal immunoreactivity for factor XIJI-related antigen. 

CD34 and CD31 were detected in 74% and 33% of cases, respectively. hnportantly, 35% 

of cases coexpressed cytokeratins, although epithelial membrane antigen was not 

detected in any of these cases. Follow-up in 49 cases revealed that 53% of patients were 

dead of disease (median: ll months). There were local recurrences in 20% of cases and 

distant metastases in 49%, most commonly to the lungs, followed by the lymph nodes, 

soft tissues, bone and liver. Older patient age, retroperitoneal location, larger tumor size 

and Mib-1 index of?::IO% were associated with a poor prognosis. 

The differential diagnosis includes metastatic melanoma, metastatic carcinoma,. 

mesothelioma and other sarcomas with an epithelioid morphology, including epithelioid 

sarcoma and epithelioid malignant peripheral nerve sheath tumor. 

Immunohistochemistry plays an essential role in excluding these other lesions. As 

mentioned previously, cytokeratin immunoreactivity should not be taken as de facto 

evidence of a metastatic carcinoma, given the presence of cytokeratin staining in a 

significant percentage of epithelioid vascular tumors. This emphasizes the need to 

perform CD31, CD34 and Fli-1 immunostains in conjunctiOn with cytokeratins. SIOO 

protein and HMB45 would also be useful to exclude a metastatic melanoma, as neither of 

these markers is found in angiosarcoma. Similarly, one would expect strong S 100 

protein immunoreactivity in epithelioid malignant peripheral nerve sheath tumor, 

although this tumor typically does not express HMB45, Melan A or other melanosome

specific markers. Separating epithelioid angiosarcoma from some of the other sarcomas 
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with an epithelioid morphology may be a bit more difficult, particularly epithelioid 

sarcoma, given the overlapping immunophenotypes. Epithelioid sarcoma 

characteristically stains strongly for cytokeratins as weU as for CD34 in a significant 

number of cases. However, one would not expect to detect CD3l.immunoreactivity in 

epithelioid sarcoma. Furthermore, epithelioid sarcomas tend to occur in younger patients, 

in a more superficial location, often on the distal extremities and growing in a distinctive 

multinodular pseudogranulomatous pattem. Finally, ultrastructural analysis is useful in 

those cases in which the immunopbenotype is equivocal, as the presence of Weibei

Palade bodies is an extremely specific !Darker of vascular endothelial differentiation. 

In this particular case, given the location of the twnor on the pleura, a malignant 

mesothelioma is certainly a diagnostic consideration. Mesotheliomas strongly express 

epithelial markers, including cytokeratin 5/6. Importantly, however, even in the 

cytokeratin-positive epithelioid angiosarcomas, these twnors do not express cytokeratin 

516. Moreover, calretinin will typically discriminate malignant mesothelioma from 

epithelioid angiosarcoma. 
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Cases 15 and 16 

Gastrointestinal stromal tumors · 

Case 15: 52-year-old female with a 5-cm gastric mass. 

Diagnosis: Gastrointestinal stromal tumor, spindle cell type, histologically benign (low
risk) 

Case 16: 69-year-old male with a 10-cmjejunal mass. 

Diagnosis: Gastrointestinal stromal tumor, spindle cell type, histologically malignant 
(high-risk) 

Discussion : 

Cases 15 and 16. Perhaps no other area in surgical pathology has caused as much 

confusion and controversy as has the subject of gastrointestinal stromal tumors (GIST). 

These tumors are a heterogeneous group of neoplasms, and prediction of clinical 

behavior requires a multiparametric evaluation of gross and microscopic features. 

However, the same criteria for malignancy do not apply to stromal tumors from different 

sites within the gastrointestinal tract, and the relative importance of each of these features 

is somewhat controversial. 

In the past, cellular spindle cell neoplasms of the gastrointestinal tract have often 

been referred to as "leiomyoma" or "leiomyosarcoma" based upon their purported 

morphologic resemblance to smooth muscle tumors in other anatomic sites. With the · 

advent of electron microscopy and immunohistochemistry, an enormous number of 

publications attempted to analyze the characteristics of the constituent cells of these 

tumors. While a number of studies suggested that these tumors were either derived from 

or differentiated towards smooth muscle, an equal number of studies suggested neural 

derivation or differentiation. As discussed below, more recent evidence suggests that the 

vast majority (if not all) of these tumors are either derived from or differentiate toward 

interstitial cells of Cajal (ICC). The non-committal term "gastrointestinal stromal tumor" 

has been adopted to describe this heterogeneous group of neoplasms and is currently the 
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term of preference. Although a wide array of mesenchymal tiunors may arise within the 

gastrointestinal tract, GIST are by far the most common mesenchymal tumorS of this site. 

The recent intense interest in GIST stems from the fact t]J.at much has been 

learned about the molecular pathogenesis of this heterogeneous gr~l}p of tumors, and in 

fact, this tumor serves as the paradigm for targeted therapy based upon a detectable 

molecular genetic alteration. Recent studies have established that activating mutations of 

the KIT gene are present in up to 95% of GIST and likely play a fundamental role in the 

development of these tumors.1·8 Activating mutations of the KIT gene, most commonly 

occurring in the juxtamembrane 4omain in exon 11, result in ligand-independent 

activation of the tyrosine kinase activity, and this event appears to be central in the 

pathogenesis of these tumors. Much less commonly, mutations in exon 9 (extracellular 

domain) and ex on 13 (kinase domain) can be detected. 2.3 Mutations in the KIT gene are 

not found in other tumors that may potentially be confused with GIST, including 

leiomyosarcomas, fibromatoses and peripheral nerve sheath tumors. 

The central role of KIT mutations in the pathogenesis of GIST is underscored by 

the therapeutic success of the KIT inhibitor, imatinib.9'
11 It has been found that most 

patients with metastatic GIST show a major clinical ·response after treatment with this 

therapeutic agent. In fact, KIT positivity by immunohistochemistry (CDI 17) has been 

considered the gold standard for the diagnosis of GIST, and, at least for the initial clinical 

trials, immunoreactivity for this antigen has been used as an eligibility criterion for 

hnatinib therapy (discussed further below). 

Most recently, however, it has become apparent that not all GIST have mutations 

in the KIT gene or, for that matter, stain for CD117. Rather, activating mutations of the 

platelet derived growth factor receptor alpha (PDGFRA) gene appears to be an alternative 

mechanism critical in GIST pathogenesis.12
•
13 In a recent study by Heinrich et a/ 

evaluating the genotype of 127 metastatic GIST,14 112 cases were found to harbor 

mutations in the KIT gene (88.2%), including 23 cases with mutations 1n exon 9 and 85 

cases with mutations in exon 11. Six tumors (4.7%) were found to harbor PDGFRA 

mutations, none of which harbored mutations in the KIT gene, confirming that these are 

mutually exclusive mutational events. Importantly, patients with exon ll KIT mutations 

showed a partial response to imatinib therapy in 83.5%, whereas patients with mutations 
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in exon 9 of the KIT gene and those who harbored no mutations in either KIT or 

PDGFRA showed a partial response in 47.8% and 0%, respectively, suggesting 

differences in downstream signaling mechanisms which influence the response to 

imatinib therapy. 

Medeiros and colleagues15 studied 25 GIST-like tumors that did not express KIT 

by immunohistochemistry (CD 117}, which accounted for approximately 4% of all of the 

GIST they evaluated. Of these 25 CD 117 -negative GIST -like tumors, 4 tumors harbored · 

mutations in the KIT gene (16%), including 3 with mutations of exon II and 1 with an 

exon 9 mutation. Interestingly, the yast majority of CD117-negative tumors {18/25; 

72%) had detectable mutations in the PDGFRA gene, most commonly in exon 18 (15 of 

18 cases). Only 3 of these tumors did not have a mutation in either KIT or PDGFRA. 

No tumor had mutations of both KIT and PDGFRA, again confirming that these are 

mutually exclusive events. This group of CD117-negative GIST more commonly 

occurred in males, had a predominant epithelioid morphology and more commonly arose 

in extra-gastrointestinal sites, usually the omentum. 

The literature on the immunohistochemical features of GIST has evolved over the 

past 20 years. Earlier studies focused on the expression of myoid and neural antigens, 

and the results of these studies were often conflicting. CD34, a hematopoietic stem eell 

marker, was found to be expressed in the majority (approximately 70%) of GIST from all 

sites.1
6-

19 However, as previously mentioned, the product of the KIT gene as detected by 

CD 117 is clearly the most sensitive marker of GIST from aU sites.lo-23 Although some 

authors have equated immunoreactivity for CD117 as definitional of GIST, it is clear that 

not all GIST express this antigen, as shown in the study by Medeiros et a/. 15 Overall, 

approximately 95% of GIST express this antigen. As previously mentioned, many of 

these CD 117-negative GIST harbor mutations in the PDGFRA gene. Thus, Medeiros and 

colleagues emphasized that patients with CD 117-negative GIST should not necessarily be 

denied therapy with imatinib. 

Myoid markers may be found in a subset of GIST. Up to 20-30% of these tumors 

stain for smooth muscle actin, either focally or diffusely; expression of this antigen seems 

to be reciprocally related to CD34 expression. 6 Desmin is found in less than I 0% of 

CTTR 121~ Semi-Annual Slide Seminar Soft Tissue Tumors 73 



these tumors, and staining is typically limited to scattered tumor cells with more 

prominent staining in epithelioid GIST. Heavy caldesmon and actin-binding 

cytoskeleton-associated protein are also detected in a subset of these tumors, supporting 

at least partial smooth muscle differentiation. 24 

Neural antigens may also be detected in some of these tumors; S 100 protein is 

found in up to 10% of GIST, typically with focal immunoreactivity . . These tumors are 

usually negative for neurofilament protein and GFAP. Finally, although scattered tumor 

cells may stain for cytokeratins, particularly malignant epithelioid GIST, the co

expression of CD 117 should prevent confusion with a carcinoma. 

The prediction of clinical behavior of GIST is notoriously difficult. In fact, the 

recent article entitled, "The diagnosis of gastrointestinal stromal tumors: a consensus 

approach," published in Human Pathology by an esteemed group of pathologists, 2' states 

that, "Criteria for distinguishing benign from malignant GISTs, or at least to identify 

those lesions more likely to metastasize, have been sought, analyzed and disputed for 

many years. Many parameters have been proposed, but the morphologic features that 

have gained greatest acceptance. as being predictive of outcome are the. mitotic rate and 

tumor size." In this publication, Fletcher and colleagues proposed an easy-to-use 

approach for defining relative risk of aggressive behavior in GIST, utilizing only tumor 

size and mitotic counts as parameters. They categorize these tumors as "very low risk," 

"low risk," "intermediate risk" and "high risk," as noted in the table below. Obviously, 

these authors went to great lengths to avoid designating a tumor as benign and, 

conversely, they went to equal lengths to avoid calling any malignant, opting for "high 

risk." In the opinion of this author, although this approach has its appeal given the 

relative reproducibility of tumor size and mitotic counts as parameters, it is also believed 

to be an oversimplification of a complex group of tumors. The major reason for this 

objection is that this approach groups GIST from all sites together. In fact, if one gathers 

experience in evaluating GIST from different sites, one quickly comes to the conclusion 

that these tumors are quite distinct histologically, and numerous clinical studies have 

shown they are also distinct biologically. In my opinion, this would be akin to grouping 

gastric adenocarcinomas with colorectal adenocarcinomas in a single study evaluating 

their clinical behavior, something which presumably would never be published. 
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Although the "Fletcher classification" approach seems reasonab le and likely will catch on 

among pathologists, the problem still remains that these tumors are quite distinct from 

one another in different parts of the gastrointestinal tract. Thus, for tlie remainder of this 

discussion, I will admit my profound bias and provide you with info~ation that I think is 

important in understanding the histologic and clinical features of this heterogeneous 

group of tumors, separated by anatomic site. 

Table 1: Proposed Approach for DefiniDg Risk of Aggressive Behavior in GIST 

Tumor Size Mitotic Counts 
Very Low Risk <2cm <5/50HPF 
Low Risk 2-5 em <5/50HPF 
Intermediate Risk <Scm 6-10/50 HPF 

5-10 em <5/50HPF 
WgbRisk >Scm >5/50 HPF 

>10 em Any mitotic rate 
Any size >10/50 HPF 

From Fletcher CDM, Berman JJ, Corless C, et a/. Diagnosis of gastrointestinal 
stromal tumors: a consensus approach. Hum Pat hoi 2002;33:459-65. 

Clinical Features of GIST 

These tumors predominantly arise in middle-aged or elderly individuals and are 

quite rare in young adults, although there are reports of these tumors arising in very 

young patients, including congenital tumors. 26 The stomach is the most common site, as 

approximately two-thirds of these tumors arise in this location. Less than one-third of 

GIST arise in the small intestine, particularly the duodenum, and less than I 0% occur in 

the esophagus, colon and anorecturn. 6 It must also be kept in mind that identical tumors 

may arise in extra-gastrointestinal sites, including the omentum and mesentery. 27.28 

There does not appear to be a gender predilection, except for those rare gastric epithelioid 

neoplasms that arise in the setting of Carney's triad, nearly all of which occur in 

females.29 There are no known risk factors, although there may be some genetic 
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influence given rare reports of familial GIST,30 as well as tumors associated with von 

Recklinghausen's disease (neurofibromatosis type I; NFI). 

The presenting manifestations depend upon the site of invQlvement within the 

gastrointestinal tract, the size of the tumor and the portion of the gu~wall from which the 

tumor arises. A significant percentage of benign tumors are asymptomatic and are found 

incidentally at surgery performed for other reasons, probably because many of these 

lesions are quite small. However, it must be kept in mind that even benign tunlors can 

cause symptoms, the most common of which include gastrointestinal bleeding and 

abdominal pain. Malignant tumors .are rarely asymptomatic; most present with either 

gastrointestinal bleeding, abdominal pain or an abdominal mass. These signs and 

symptoms may lead to endoscopy and biopsy, and in some cases, a histologic diagnosis 

of GIST can be made if a deep enough biopsy is obtained or if the neoplasm infiltrates 

the overlying mucosa. Tumors that infiltrate the mucosa (and are thus identifiable in an 

endoscopic biopsy specimen) are virtually always malignant, although in general it is not 

necessary to distinguish a benign from malignant GIST on an endoscopic biopsy 

specimen, or for that matter in a frozen section. Radiographic imaging studies including 

barium contrast examination, computed tomography and endoscopic ultrasound are 

commonly used to evaluate and potentially diagnose these neoplasms. In fact, it has 

recently been suggested that a combination of features identified by endoscopic 

ultrasound may be highly predictive of malignant tumors.31 Some tumors can be 

diagnosed by fine needle aspiration cytology, although separation of benign from 

malignant is usually not possible with this technique. 32 

Gross Featur es of GIST 

These tuo3ors may be situated within any portion of the gut wall but most are 

centered within the submucosa or muscularis propria. Some are predominantly 

extramural, and extremely large tumors may even extend to or infiltrate adjacent organs. 

Most GIST are well ci.rcumscribed; some are multinodular. The overlying 

mucosa can be intact or ulcerated. On cut section, these tumors lack the characteristic 

gross appearance of uterine smooth muscle tumors in that they lack a bulging, whorled 
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cut surface; instead, the cut surface is typically granular and may show areas of 

hemorrhage, necrosis or cystic change. 

MiCJ'(Jscopic Features of GIST 

These tumors show a spectrum of histologic features and have distinctive 

appearances depending upon where they arise within the gastrointestinal tract Thus, 

rather than discussing these tumors as a group, they will be separated by site based upon 

their relative frequency of occurrence (stomach, small bowel, anorectum, large bowel, 

esophagus). 

Gastric GIST 

These tumors can essentially be divided into four main categories including 

benign (cellular spindle cell tumor) and malignant (spindle cell sarcoma) spindled tumors 

and benign and malignant epithelioid tumors. Each of these tumor types has a 

characteristic morphologic appearance and usually can be separated from one another by 

assessing a combination of histologic features. As such, the characteristic features of 

each of these tumor types will be discussed below, followed by a review of some of the 

morphologic parameters that are useful in separating benign from malignant gastric 

GIST. 

Cellular Spindle Cell Tumor 

These tumors are composed of highly cellular spindled cells with abundant pale to 

eosinophilic fibrillar cytoplasm. The cells are uniform in size and shape and are typically 

arranged into short fascicles or whorls with frequent nuclear palisading reminiscent of 

that seen in schwannoma. Perinuclear vacuoles are often present and indent the nucleus 

at one pole; these vacuoles are an artifact of fixation since they are not present in frozen 

sections. The nuclei are uniform with evenly distributed chromatin and inconspicuous 

nucleoli, and mitotic activity is typically low with two or fewer mitotic figures/50 HPF in 

virtually all cases. The cells are often separated by hyalinized or calcified stroma as well 
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as large areas of liquefactive necrosis with pools of acellular material separating 

perivascular tumor islands. 

Tumors with this characteristic pattern virtually always act in a clinically benign 

fashion. In the series of 48 "cellular Jeiomyomas" with follow-up IltPOrted by Appelman 

and Helwig,:13 only one tumor metastasized. Although this metastatic lesion 

histologically resembled all of the other tumors, it was 17 em and had 5 mitotic 

figures/50 HPF. 

Spindle CeU Sarcoma 

When compared to the cellular spindle cell tumor, spindle cell sarcomas are 

generally larger and more densely cellular as the constituent cells tend to be more 

crowded because they have less cytoplasm. The nuclei vary more in size and shape and 

are often vesicular in appearance. Perinuclear vacuoles are less conspicuous or even 

absent, and broad areas of tumor cell necrosis are typical. The cells may be arranged into 

fascicular or storiform growth patterns. Mitotic figures are easily found, usually more 

than 10 mitoses/50 HPF. Using a combination of these features, spindle cell sarcomas 

can usually be readily distinguished from cellular spindle cell tumors. 34 

Benign Epithelioid Gastric Stromal Tumor 

These tumors are the most common stromal tumor encountered in the stomach 

and are composed predominantly of epithelioid cells with arrangement into nests or 

sheets. The cells often have a condensed rim of eosinophilic cytoplasm adjacent to the 

nucleus with peripheral cytoplasmic clearing that is not present in frozen sections or on 

ultrastructural examination. 35 Some cases are composed of cells with abundant 

eosinophilic cytoplasm, and the nucleus is often pushed to an eccentric location. The 

nuclei are round with small nucleoli, although scattered· multinucleated giant cells or cells 

with bizarre nuclei may be present. Mitotic figures are exceedingly rare (usually two or 

fewer mitotic figures/50 HPF). Stroma1 alterations including liquefaction, hyalinization 

and calcification may also be seen. 

Malignant Epithelioid Gastric Stromal Tumor 
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These tumors are composed of cells with less cytoplaSm, and thus the cells are 

more tightly packed resulting in a more cellular appearance at low magnification. 

Cellular arrangement varies between different areas of the same tumor, as the cells may 

be arranged into large sheets or small acinus-like clusters de_posited in an acid 

mucopolysaccharide-rich myxoid stroma. The nuclei are more hyperchromatic than 

those seen in the benign counterpart, and in general, the nuclei are actually monotonous 

in appearance. Rare examples of this tumor are diffusely pleomorphic, but scattered 

bizarre cells are more commonly seen in benign epithelioid stromal tumors. Mitotic 

activity may overlap that seen in benign epithelioid tumors, and thus, unless mitotic 

figures are numerous, they cannot be used alone to separate benign from malignant 

epithelioid gastric stromal tumors. Importantly, benign-appearing areas are often 

encountered in these tumors, and thus extensive sampling of these lesions is required to 

identify the malignant component. 

A subgroup of gastric epithelioid stromal tumors occurs in patien.ts with Carney's 

triad (malignant gastric epithelioid stromal tumor, pulmonary chondroma and functioning 

extra-adrenal paraganglioma).29 These patients tend to be young women, and the tumors 

are often multifocal, purely epithelioid and have a low risk of metastasis. Even in those 

patients who develop metastatic disease, long-term survival is the rule. 

Assessment of Individual Parameters 

Tumor Size 

Although sarcomas tend to be larger than benign stromal tumors, there is 

significant overlap in the individual case, and size alone cannot be used to distinguish 

benign from malignant. However, when a gastric stromal tumor is felt to be 

histologically malignant based upon other parameters, tumor size is the single best 

predictor of metastatic risk. For example, in a study of 44 malignant gastric stromal 

tumors by Appelman and Helwig, metastases occurred in 20% of those tumors that were 

less than 6 em and in 85% of those that were 6 em or larger.34 Roy and Summers studied 

the relationship between tumor size and metastatic potential in 211 reported malignant 
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gastric stromal tumors as well as 30 of their own?6 Fifteen pe~cent of sarcomas less than 

2.5 em, 29% of those between 2.5 and 5 em, 65% of those between 5 and 10 em, and 

virtually all sarcomas larger than 10 em metastasized. No other ~stologic parameter 

co~lated as strongly with metastatic risk or survival. Thus, i~ ,is clear that larger 

malignant gastric stromal tumors metastasize more often than smaller ones, comparable 

to the relationship between tumor size and metastases for almost all other malignancies. 

Mitotic Counts 

Virtually all studies have foU)ld that increased mitotic counts are associated with 

decreased patient survival. l7,JS In a large study of 127 epithelioid gastric stromal tumors 

by Appelman and Helwig/9 all tumors with more than 10 mitoses/50 HPF ultimately 

metastasized. However, 13% of tumors with between 1 and 5 mitoses/50 HPF and 2% of 

tumors with no identifiable mitotic figures in 50 HPF metastasized. However, it is 

difficult to compare results among different studies since different methods of counting 

mitotic figures were used, including the number of fields counted (1 0 vs. 50 HPF) and the 

actual size of the HPF. Factors such as fixation time and the type of fixative may also 

account for variability in mitotic counts. Reproducibility in counting mitoses from one 

observer to the next is not optimal. Finally, there may be significant intratumoral 

variability; one area of the tumor may have few mitotic figures and another area may be 

mitotically active. In general, mitotic counts seem to be highest in the· most cellular areas 

of the neoplasm, and most studies perform mitotic counts in the most cellular portions of 

the tumors. In the study by Trupiano el a!, patients whose tumors had 5 or more 

mitoses/SO HPF were significantly more likely to develop metastatic disease or die as a 

direct result of their tumor.40 However, it must be kept in mind that some malignant 

tumors have very few mitotic figures (fewer. than 5/5.0 HPF), and thus this parameter 

cannot be used alone to separate benign from malignant, except when mitotic counts are 

high (I 0 or more mitoses/SO HPF). 

Cellularity 

Cellularity has be.en found to be an importarit histologic parameter in assessing 

clinical behavior of gastric stromal tumors. However, the ·same cellularity cannot be used 

across the board for all morphologic types in distinguishing benign from malignant. For 
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instance, cellular spindle cell tumors of the stomach, by definition, are highly cellular, 

and this feature alone does not appear to be useful in separating benign from malignant 

gastric spindle cell tumors. On the other hand, cellularity is among .the most important 

features in distinguishing benign from malignant gastric ep~thelioid neoplasms. 

Determination of cellularity is admittedly difficult and more subjective than other 

parameters. The separation of levels of cellularity (low vs. moderate and moderate vs. 

high) requires experience with these tumors. Furthermore, cellularity may vary 

significantly within different portions of the same tumor, and it is unclear how much of 

the tumor has to have "high cellularity" _to have an adverse effect on prognosis. 

Other Morphologic Parameters 

Several other features should also be evaluated in every GIST and are part of the 

multiparametric analysis required to accurately predict clinical behavior. Mucosal 

invasion with infiltration of tumor cells between and around mucosal glands is a highly 

specific marker of a malignant tumor.4043 However, this is not a particularly sensitive 

marker of malignancy, since many malignant GIST do not infiltrate the overlying mucosa 

in this manner. Furthermore, the presence of mucosal ulceration may make this 

evaluation more difficult since an ulcer can obscure the site of mucosal infiltration. 

Although tumor cell necrosis is more commonly seen in malignant tumors, large benign 

tumors may also have areas of necrosis. Marked nuclear atypia in a spindle cell lesion 

suggests a sarcoma. On the other hand, when evaluating gastric epithelioid tumors, 

scattered bizarre or multinucleated cells are more characteristic of benign lesions. 

Invasion of adjacent organs, although an uncommon finding, also appears to correlate 

with an aggressive clinical course. Finally, knowledge of whether or not the tumor has 

metastasized at the time of surgical excision is the single most important prognostic 

variable. Although intuitively obvious, this is · information that is not often sought or 

known by the surgical pathologist at the time of evaluation. 

Sarcoma Grading 

There is no uniform grading scheme that is used to separate low-grade from high

grade GIST. It is unclear whether features that are commonly utilized in the grading of 
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soft tissue sarcomas, such as cellularity, nuclear pleomorphism, mitotic counts and 

neerosis, are also useful in grading GIST. Thus, we do not routinely grade these 

sarcomas but, rather, use tumor size as the most reliable indicator of'metastatic risk in 

tumors that are felt to be histologically malignant, based upon, ,the aforementioned 

parameters. 

Summary of Gastric GIST 

The vast majority of gastric GIST can be comfortably categorized into one of the 

four major subtypes mentioned above. It has been our experience, based on our 

consultation practice, that the greatest difficulty pathologists have is not telling which 

tumors are malignant, but telling which are benign. Because of this uncertainty, tumors 

that are clearly benign are often diagnosed as being either of WlCertain malignant 

potential or as overtly malignant. Tumors that are likely to act in a clinically benign 

fashion can be diagnosed using a constellation of histologic features, as outlined above, 

thus minimizing the number of tumors that are of "borderline malignancy" or "Wlcertain 

malignant potential." 

Small Bowel GIST 

The small bowel is the second most common site of GIST, as approximately one

third of such tumors arise in this location. Although these tumors occur throughout the 

small bowel, a disproportionately large number occur in the duodenum given its short 

length in comparison to the jejunum and ileum. Unlike gastric GIST, most small bowel 

GIST are composed of spindled cells, and predominantly epithelioid variants are rare. As 

a group, a greater percentage of small bowel GIST are malignant when compared to those 

found in the stomach. These tumors have different histologic features than gastric GIST 

and thus should be evaluated independently. 

Benign Small Bowel GIST 

The "classic" benign small bowel GIST is small (<5 em) and is composed of a 

uniform population of cytologically bland spindled cells with abundant eosinophilic 

cytoplasm and an overall low tumor cellularity. The cells are usually divided into nests 

by fine fibrovascular septa resulting in an organoid growth pattern reminiscent of 
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paraganglioma. Eosinophilic collagen globules (so-called skeinoid fibers) are 

characteristic and are often numerous. Mitotic figures are low (fewer than 5150 HPF), 

and there is an absence of tumor cell necrosis and mucosal invasion. Tumors that fulfill 

all of the above criteria are predictably benign. 41
-"l 

Malignant StiJJll.l Bowel GIST 

Most malignant small bowel GIST are composed of a highly cellular proliferation 

of spindled cells with more overt cytologic atypia than that seen in their benign 

counterparts. The nuclei are larger and ~ave more coarsely clumped chromatin, and 

mitotic figures are usually easily identified (more than 5/50 HPF). The cells are typically 

arranged into longer fascicles, as opposed to the uniform organoid growth pattern seen in 

benign tumors. Skeinoid fibers are few in number or completely absent, and many (but 

not all) malignant small bowel GIST have tumor cell necrosis and/or mucosal in:fiJtration. 

In addition, tumors with a conspicuous epithelioid component comprising more than 25% 

of the tumor are virtually always malignant 41
•
42 Importantly, many malignant GIST have 

areas that resemble those seen in benign small bowel OJST, raising the possibility of a 

sequence of progression analogous to that seen in the dysplasia-carcinoma sequence 

found in some epithelial tumors. Most small bowel GIST can be categorized as either 

benign or malignant, and like the stomach, only rare small bowel GIST fit into the 

"borderline" or "uncertain malignant potential" category. 

Anorectal GIST 

The leiomyomatous polyp, composed of fully differentiated benign smooth 

muscle cells derived from the muscularis mucosae, is the most common mesenchymal 

tumor of the anorectum. Aside from these benign smooth muscle tumors, most 

mesenchymal neoplasms of the anorectum are spindle cell tumors that have similar light 

microscopic, immunohistochemical and molecular genetic alterations to GIST arising in 

other parts of the gastrointestinal tract. Much of the earlier literature on this group of 

tumors considered all anorectal GIST to be malignant, regardless of histologic 

appearance.44
•
45 However, several recent studies have shown that not all anorectal GIST 
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are necessarily malignant, and similar to GIST at -other sites, a constellation of features 

can be used to separate benign from malignant neoplasms in most cases.46-!18 

The most common form of anorectal GIST arises within the. muscularis propria 

and is characterized by fascicles of densely cellular, spindled ~e)ls with elongated, 

relatively uniform nuclei often showing prominent nuclear palisading. Unlike gastric 

GIST, anorectal GIST rarely have a predominant epithelioid morphology. Similar

appearing tumors may arise in the submucosa and, exceptionally, may present as 

polypoid tumors with mucosal invasion. 

Haque and Dean were the first to analyze a large group of these tumors in an 

attempt to correlate histologic features with clinical outcome.47 In that study, tumors that 

were centered in the submucosa with little or no infiltration of the muscularis propria and 

composed of tightly packed, uniform spindled cells with plump nuclei arranged in 

fascicles or a vaguely storiform growth pattern with very few mitotic figures (<1150 HPF) 

acted in a clinica1ly benign fashion. On the other hand, malignant tumors tended to be 

centered in the muscularis propria and had at least mild nuclear atypia and higher mitotic 

counts, usually >5/50 HPF. In a study of 22 anorectal GIST by Tworek et a/,46 tumor 

size >5 em and an infiltrative growth pattern into the muscularis propria correlated with 

an adverse outcome. However, unlike the study of Haque and Dean, nuclear 

pleomorphism, necrosis, mitotic count and intramuscular location did not correlate with 

clinical behavior. In a more recent study by Miettinen et a/,48 70% of patients with 

tumors larger than 5 em with more than 5 mitoses/50 HPF died of disease, whereas only 

one tumor <2 em and with fewer than 5 mitoses/50 HPF recurred, and none caused death. 

All studies noted a long latency period prior to recurrence and/or metastasis, thus 

emphasizing the need for long-term clinical follow-up. Distant metastases most 

commonly involve the liver, bones and lungs. 

Colonic GIST 

Aside from the esophagus, the colon is the least common site of GIST, and very 

few studies with a significant number of cases have been reported.49
•50 Histologically 

oenign colonic GIST are exceedingly rare. For example, in the study by Miettinen eta!, 5° 
four of 37 colonic GIST were small, incidental, polypoid serosal protrusions composed 
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predominantly of bland spindled cells without necrosis, · few mitotic figures and 

occasionally skeinoid fibers. Colonic GIST are more heterogeneous than those found at 

other sites and include highly cellular spindled tumors as well as pleomorphic sarcomas 

resembling malignant fibrous histiocytoma. Despite the morphologic heterogeneity, most 

are overtly histologically malignant, and the majority act in a clinically malignant 

fashion, often with metastases at presentation and death within a short period of time.49..so 

In the study by Miettinen el a/,50 nearly all patients whose GIST was I em or larger and 

more than 5 mitotic figures/50 HPF died of disease with a median survival time of only 

15 months. Although most of the patients i~ that series with tumors larger than 1 em but 

with 5 or fewer mitotic figures/50 HPF were alive without disease, some of the patients in 

this category followed a rapidly fatal course. In the study by Tworek et a/,49 an 

infiltrative growth pattern in the muscularis propria, mucosal invasion and high mitotic 

counts (>5/50 HPF) correlated significantly with metastasis and death from tumor. 

Coagulative necrosis and dense cellularity were found to be minor criteria in predicting 

an adverse outcome. 

Esophageal GIST 

Leiomyomas are by far the most common mesenchymal tumor of the esophagus 

and arise predoininantly in young (median age 30-35 years) males, usually in the lower 

one-third of the esophagus, often resulting in dysphagia. On the other hand, esophageal 

GIST have not been well characterized, and until the recent report by Miettinen et al, 51 

there were no studies reporting these tumors as a distinct group. 

Esophageal GIST arise in adult patients with a male predilection, and most 

present with dysphagia. These tumors typically arise in the distal esophagus and not 

infrequently involve the esophagogastric junction. Grossly, they have a soft consistency 

with a fleshy, variegated cut surface, often with central necrosis and cystic change. 

Histologically, these tumors are typically highly cellular spindled neoplasms composed 

of mildly atypical nuclei with a wide range of mitotic activity, although most have more 

than 5 mitotic figures/50 HPF. A variety of growth patterns may be seen, including 

sheets of spindled cells, nuclear palisades, prominent myxoid change and extensive 
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. 
hyaline degeneration. Coagulative necrosis and mucosal invasion are seen in a subgroup 

of.cases. 

In the study by Miettinen et a/,51 nine of 16 patients with follaw-up information 

died of disease with a median survival of 29 months. All patients wjth tumors larger than 

I 0 em died of disease, whereas none of the patients with tumors smaller than 5 em died. 

Additional studies with a larger number of cases and extended clinical follow-up are 

required to determine which parameters are of greatest prognostic significance in this rare 

group of tumors. 

Gastrointestinal Autonomic Nerve Tumors (GANT) 

GANT were originally deseribed under the name "plexosarcoma" based upon 

ultrastructural resemblance to cells of the autonomic nervous system. 52
•
53 These tumors 

have a heterogeneous histologic appearance similar to GIST and may arise anywhere in 

the gastrointestinal tracl The characteristic ultrastructural features include complex 

interdigitating cell processes with bulbous synaptic terminals, neurosecretory granules, 

rudimentary cell junctions and intermediate filaments. 54 Although originally believed to 

be distinct from GIST, recent evidence supports the concept that GANT merely 

represents a phenotypic variant of GIST. Lee et al found these tumors to be consistently 

CD 117 immunoreactive, and a substantial percentage were found to harbor GIST -specific 

gain-of-function mutations in the juxtamembrane domain of the c-kit gene. 55 Given the 

rarity of ultrastructural evaluation of GIST, this tumor is likely much more common than 

previously believed, since they can only be recognized (and in fact are defined) by their 

characteristic ultrastructural features. Similar to GIST, rare examples of GANT have 

been associated with Carney's triad (intestinal stromal tumor associated with extra

adrenal paraganglioma and pulmonary chondroma)56 and NF 1. 57 There is also a report of 

multiple familial GANT associated with intestinal neuronal dysplasia. 58 

Differential Diagnosis of GIST 

GIST with epithelioid features may be confused for a lymphoma, melanoma or 

carcinoma, particularly on a small endoscopic biopsy specimen. Immunohistochemical 

anaiysis is invariably required for this distinction. Expression of CD 117 would confirm a 
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diagnosis of epitheli?id GIST. On very rare occasions, an epithelioid GIST may express 

CD34 in the absence of CD 117. In addition, rare examples of epithelio\d GIST may 

show focal cytokeratin immunoreactivity, and thus the coexpressioo, of either CD34 or 

CD117 becomes critical in order to avoid misdiagnosing such cas~ as carcinoma. The 

absence of strong and diffuse S-100 protein immunoreactivity (as well as staining for 

melanocytic markers such as HMB45 and Melan-A) would militate against a diagnosis of 

malignant melanoma. 

Spindled GIST must be distinguished from other spindle cell proliferations of the 

gastrointestinal tract. Intra-abdominal ~bromatoses are spindle cell proliferations that 

usually occur in the mesentery or retroperitoneum, but may on occasion extensively 

involve the gut wall, mimicking GIST. Grossly, intra-abdominal fibromatoses are firm, 

tan and homogeneous, thus lacking the typical gross appearance of GIST. The 

constituent cells are monotonous spindled cells arranged into sweeping fascicles with 

bland nuclear features and scant mitotic figures. Although some authors have reported 

CD117 immunoreactivity in a significant percentage of intra-abdominal fibromatoses,s9 

most studies (and our own experience) have not found this antigen to be expressed in 

these lesions. These discrepant data have been ascribed to differences in antibody clone 

and antigen retrieval techniques. The distinction between an intra-abdominal 

fibromatosis and GIST is of clinical relevance, given that the former lacks metastatic 

capability, although it does have a propensity for local recurrence. 

True smooth muscle tumors of the gastrointestinal tract are much less common 

than GIST. Benign smooth muscle tumors (leiomyomas) are most common in the 

esophagus and anorectum, although identical-appearing tumors may occur anywhere 

throughout the gastrointestinal tract. Overtly malignant smooth muscle tumors 

(leiomyosarcomas) are exceedingly rare, and there are very few reports describing these 

tumors as an entity distinct from GIST. Like soft tissue leiomyosarcomas, these tumors 

are composed of cells with eosinophilic fibrillar cytoplasm and arrangement into 

fascicles. The cells are negative for CD 117 and CD34 but stain strongly and diffusely for 

smooth muscle actin and often for desmin. The absence of c-kit mutations in 

leiomyosarcomas supports the contention that they are distinct from GIST. 
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Benign and malignant nerve sheath tumors are also rare in the gastrointestinal 

tract. Schwannomas occur most commonly in the stomach, but occasionally arise in the 

esophagus and intestines. They usually arise within the submucosa and/or muscularis 

propria and are often covered by an intact mucosa. These tumo~ are composed of a 

proliferation of S-1 00 protein immunoreactive wavy spindled cells, often associated with 

a S!>rinkling of lymphocytes and a peripheral lymphoid cuff with germinal centers. 

Unlike GIST, these cells do not express CD117. Very rarely, a malignant peripheral 

nerve sheath tumor may arise in the gastrointestinal tract. These tumors resemble their 

counterparts in the peripheral so.ft tissues, do not express CD 117 and are variably 

immunoreactive for S-1 00 protein. 

Summary 

GIST are a heterogeneous group of tumors composed of either spindled or 

epithelioid cells that have distinctive histologic appearances and clinical behaviors in 

different portions of the gastrointestinal tract. These tumors should be evaluated in a site

specific fashion, and prediction of clinical behavior is best achieved by evaluation of 

multiple parameters. The vast majority of these tumors can be reliably placed into benign 

or malignant categories using a constellation of morphologic features. These tumors 

almost uniformly express CD117, and mutations of the KIT or, less commonly, PDGFRA 

gene are central to their pathogenesis and likely the key to effective therapeutic 

intervention. 
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Image Legends: 

Figure lA. Low-magnification view of a pleomorphic lipoma. These lesions are 
generally very well-circumscribed and surrounded by a pseudocapsule. 

Figure lB. Higher magnification view of a pleomorphic lipoma. Hyperchromatic nuclei 
are deposited in a myxoid stroma and surrounded by adipocytes. Ropey collagen is also 
apparent. 

Figure 1 C. Pleomorphic lipoma with atypical nuclei deposited in a myxoid stroma 
associated with ropey collagen bundles. 

Figure lD. Floret-like multinucleated giant cell in a pleomorphic lipoma. 

Figure 2A. Low-magnification view of an atypical lipomatous rumor I well-differentiated 
liposarcoma (ALTIWDL). Cytologic atypia is not apparent at this magnification. 

Figure 2B. Higher magnification view of an ALT/WDL. A single enlarged 
hyperchromatic nucleus is seen between adipocytes. 

Figure 2C. Thick-walled blood vessel with enlarged hyperchromatic nuclei within the 
vessel wall of an ALTIWDL. 

Figure 20. Multinucleated floret-like giant cell in an ALTIWDL. These cells are not 
pathognomonic of pleomorphic lipoma. 

Figure 3A. Dedifferentiated liposarcoma arising adjacent to the adrenal gland. On the 
right side, there is a highly cellular spindle cell sarcoma, indicative of dedifferentiation. 
On the far left, there is a less cellular proliferation of atypical cells deposited in a 
hyalinized stroma. The adrenal gland is found between these two components. 

Figure 3B. Low-grade (ALTIWDL) component of a dedifferentiated liposarcoma. 
Atypical nuclei are found within fibrous septa and between adipocytes. 

Figure 3C. Highly cellular fascicular component representing the dedifferentiated 
portion of this dedifferentiated liposarcoma. This area closely resembles a soft tissue 
fibrosarcoma. 

Figure 4A. Low-magnification view of an intramuscular myxoma. Although well
circumscribed, the myxomatous proliferation is seen infiltrating the surrounding skeletal 
muscle. 

Figure 48. Central portion of this intramuscular myxoma. The cells are widely 
distributed in an abundant myxoid stroma. Blood vessels are inconspicuous. 
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Figure 4C. More cellular area of this intramuscular myxoma. Many of these cells 
represent macrophages which are imbibing the myxoid stroma. 

Figure SA. Low-magnification view of a low-grade fibromyxoid sarcoma showing an 
abrupt transition between the fibrous and myxoid zones. 

Figure 5B. Higher magnification view of fibrous and myxoid zones in a low-grade 
fibromyxoid sarcoma. 

Figure SC. Low-grade fibromyxoid sarcoma showing uniformly bland spindled cells 
deposited in a fibromyxoid stroma. 

Figure SD. Prominent vascular pattern in a myxoid zone of a low-grade fibromyxoid 
sarcoma. These vessels show some perivascular accentuation by the neoplastic cells. 

Figure 6A. Low-magnification view of the low-grade zone of a myxoid liposarcoma. 
The cells are evenly distnouted in a myxoid stroma. Prominent cystic spaces are present, 
a frequent feature of this tumor. 

Figure 6B. Even distribution of bland spindled cells in a myxoid stroma associated with 
a plexiform vascular pattern and lipoblasts, characteristic of myxoid liposarcoma. 

Figure 6C. Hypercellular (transitional) zone of a myxoid liposarcoma. This area is 
clearly more cellular than the usual myxoid liposarcoma, but lacks all of the necessary 
criteria for a diagnosis of round cell liposarcoma. 

Figure 7 A. Low-magnification view of ischemic fasciitis. A large area of fibrinoid and 
fat necrosis is seen adjacent to a cellular zone composed of reactive myofibroblasts and 
blood vessels. 

Figure 7B. Higher magnification view of juxtaposition of necrotic zone and reactive 
zone in ischemic fasciitis. 

Figure 7C. Atypical cells in cellular zone of ischemic fasciitis. These cells have smudgy 
nuclei and represent reactive myofibroblasts. These cells may cause alarm for a sarcoma. 

Figure SA. Low-magnification view of a cellular schwannoma. The lesion is composed 
of a highly cellular spindle cell proliferation arranged into short intersecting fascicles. 

Figure 8B. Higher magnification view of cellular zone in a cellular schwannoma. A 
sprinkling of lymphocytes is seen amidst the neoplastic cells. 

Figure 8C. Thick-walled hyalinized blood vessels characteristic of cellular schwannoma. 
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Figure 80. Strong and diffuse S-100 protein immunoreactivity typical of cellular 
schwannoma. 

Figure 9A. Low-magnification view of a monophasic synovial sarcoma. A "marbled" 
growth pattern is subtle but apparent 

Figure 98. Myxoid zone in a monophasic synovial sarcoma. 

Figure 9C. Hyalinized zone of a monophasic synovial sarcoma. The neoplastic cells are 
being "squeezed out" by the hyalinized collagen. 

Figure 90. Higher magnification view of uniform spindle cell pattern seen m this 
monophasic synovial sarcoma. 

Figure 1 OA. Superfici.aJ portion of a dermatofibrosarcoma protuberans with 
fibrosarcomatous transformation. This area shows the less cellular superficial zone 
resembling a DFSP. 

Figure lOB. Low-magnification view showing juxtaposition of less cellular OFSP zone 
with the far more cellular fibrosarcomatous zone. 

Figure J OC. High-magnification view of atypical spindled cells in the fibrosarcomatous 
portion of this DFSP/fibrosarcoma. 

Figure 11 A. Low-magnification view of a giant cell fibroblastoma. There is a 
proliferation of spindled to stellate-shaped cells that are evenly deposited in a 
fibromyxoid stroma. 

Figure I lB. Central portion of this giant cell fibroblastoma. The cells are evenly 
deposited in a fibromyxoid stroma. 

Figure ll C. The cells of this giant cell fibroblastoma are seen infiltrating into and 
through the underlying subcutaneous tissue in a manner similar to that seen in OFSP. 

Figure liD. High-magnification view of a giant cell fibroblastoma. Slit-like 
pseudovascular spaces are seen. Scattered floret-like giant cells are also present. 

Figure 12A. Low-magnification view of a Ewing sarcoma/primitive neuroectodermal 
tumor (ESIPNE1). This portion of the tumor is composed of a solidly cellular 
proliferation of malignant round cells. 

Figure 12B. This portion of this ESIPNET shows large hemorrhagic spaces surrounded 
by malignant round cells. 
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Figure 12C. Higher magnification view of an ES/PNET, composed of fairly uniform 
malignant round cells. 

Figure 120. Strong membranous C099 immunoreactivity in this ES/PNET, 
charlicteristic of this family of tumors. 

Figure 13A. Low-magnification view of a desmoplastic small round cell tumor 
(OSRCT). There are variably sized nests of cells deposited in a predominantly fibrous 
stroma. 

Figure 13B. OSRCT composed of variably sized nests of cells with cleared-out 
cytoplasm deposited in a fibrous stroma. 

Figure 13C. l:ligh-magnification view of more cellular zone of this DSRCT, composed 
of malignant round cells, some of which show cytoplasmic vacuolization. 

Figure 130. Characteristic pattern of perinuclear desmin immunoreactivity m this 
OSRCT. 

Figure l3E. Strong nuclear immunoreactivity for the Wilms' tumor gene product, also 
characteristic ofOSRCT. 

Figure 14A. High-grade epithelioid angiosarcoma composed of a sheet of malignant 
epithelioid cells. 

Figure 14B. Higher magnification view of malignant epithelioid cells in this epithelioid 
angiOsarcoma. 

Figure 14C. Epithelioid angiosarcoma composed of malignant epithelioid cells forming 
primitive vascular spaces, many of which are filled with red blood cells. 

Figure 140. Patchy cytokeratin immunoreactivity in this epithelioid angiosarcoma. This 
is a common finding and can cause confusion with a poorly-differentiated carcinoma. 

Figure I SA. Low-magnification view of this "cellular spindle eell tumor," a particular 
variant of gastrointestinal stromal tumor that arises in the stomach. 

Figure 15B. Higher magnification view ·of this gastric spindled GIST. A central 
hypocellular zone is seen surrounded by nests of bland spindled cells. 

Figure JSC. High-magnification view of uniform spindled cells, some of which show 
perinuclear vacuoles, in Uris benign spindled gastric GIST. 

Figure 16A. Low-magnification view of highly cellular spindle cell GIST of the small 
bowel. This degree of cellularity is worrisome for a. malignant small. bowel GIST. 
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Figure 166. Higher magnification view of malignant spindle cells in this malignant 
spindled GIST of the small bowel. Although not strikingly atypical, this degree of atypia 
in a small bowel GIST is worrisome for malignancy. 

Figure I6C. High-magnification view of a cellular zone in this malignant small bowel 
GIST. There is variable nuclear hyperchromasia and pleomorphism. 

Figure 160. Strong CD 117 (Kl11 immunoreactivity in this malignant GIST of the small 
bowel. 
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