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CASE 1
(0030781 ): A 43 year old man with no significant prior medical history was seen for right
sided chest pain and shortness of breath. A chest X-ray revealed a right pleural effusion and
consolidation of the right lower lobe of lung. A CT scan showed an infiltrative mass extensively
involving the diaphragmatic and costal margin of the pleura. A core biopsy was done which showed a
high-grade spindle cell neoplasm suspicious for a sarcoma. An extrapleural pneumonectomy with
resection of pericardium, right hemidiaphragm and right chest wall was carried out. The resection
specimen showed a firm, plaque-like thickening involving the lower two-thirds of the anterior, posterior,
medial, lateral and diaphmgrnatic pleura without involvement of lung parenchyma.
CASE 2
(0030782): A 49 year o ld woman with no significant past medical history was seen for
persistent cough. A chest X-ray revealed a spiculated right upper lobe mass. A n endoscopic biopsy was
done with a diagnosis of "undifferentiated carcinoma, favor small cell type". A right upper lobectomy
was carried out. The resected specimen showed a 3.8 x 3.7 x 3.0 em tan-grey, well circumscribed mass
with areas of hemorrhage and necrosis located 0.5 em beneath the pleural surface and l em away from the
bronchial margin.
CASE 3
(0030783): A 56 year old man w as seen for shortness of breath and chest pain. A CT scan
revealed a large anterior mediastinal mass. A video-assisted thomcoscopic biopsy with frozen section
examination was read as a "small round blue cell neoplasm". A study of permanent sections showed
scattered keratin-positive cells favoring a diagnosis of thymoma. A total thymectomy was performed.
The resected specimen consisted o f a well-circumscribed, encapsulated mass measuring 8.4 em. in
greatest diameter, with a gray-white, homogeneous c ut section v.-ithout areas of hemorrhage or necrosis.
CASE 4
(0030784): A 66 year old roan was s een for progressive shortness of breath. A CT scan
showed a large anterior mediastinal mass. 111orough radiological and clinical examination did not reveal
evidence of tumor elsewhere. Endoscopic examination of the bronchi was negative. An anterior median
thoracotomy with thymectomy was undertaken. At surgery, a lobulated, 13.5 em anterior mediastinal
mass focally adherent to the left lung was resected. A partial left upper lobectomy was also done. Cut
sectioning s howed tan, focally hemorrhagic and partially encapsulated gray-white tissue focally
infiltrating tbe pleum and invading the underlying lung parenchyma.
CASE 5
(0030785): A 45 year old man was seen for the development of a palpable right thyroid
nodule. A fme needle aspiration showed "follicular cells consistent with follicular process". A right
thyroid lobectomy was performed. The operative specimen showed a tan brown, well-circumscribed
nodule that meas ured 7.0 em in greatest diameter s\111'9unded by a thin rim of normal thyroid parenchyma.
CASE 6
(0030786): A 36 year old woman was seen for a palpable left thyroid nodule. A fine needle
aspiration was non-diagnostic. A left thyroid lobectomy was performed that showed a multinodular, red
beefY parenchyma with one well-circumscribed 3 em. nodu.le located in the lower pole. There were no
other significant findings.
CASE 7
(0030787): A 63 year old woman was seen for epigastric pain and weight loss. Endoscopic
studies and radiologic examination revealed a large mass attached to the wall of her s mall bowel. An
exploratory laparotomy showed a large, pale tan lobulated soft tissue mass attached to t11c bowel wall that
measured 8.3 em. in greatest dime115ion. A segmental resection was done. No evidence of t\Jrnor
elsewhere could be demonstrated at Lie time of s urgery and during the immediate postoperative exams.
CASE 8
(0030788): A 51 year old mao was seen for right flank pain. An intravenous pyelogmm
revealed a mass io the right lower pole of the kidney. A right nephrectomy was performed. The
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specimen showed a well-circumscribed mass in the lower pole of the kidney that did not appear t6
infiltrate the capsule or perinephric fat. The mass measured 17 em. in greatest diameter and had extensive
areas of hemorrhage and necrosis. The viable portions of the tumor at the periphery bad a soft and friable
tan grey homogeneous cut surface. The tumor did not appear to involve the renal vein or renal pelvis.
CASE 9
(0030789): An 82 year old man was seen for right flank pain and progressive weight loss.
Radiographic studies revealed a right renal mass. There was no evidence of tumor elsewhere. A right
nephrectomy was performed showed a 4.5 em in greatest diameter, well-circumscribed yellow-brown
mass in the lower pole of the kidney. The mass showed focal areas of hemorrhage and necrosis but did
not show evidence of invasion of the renal capsule or renal pelvis.
CASE 10 (0030790): A 59 year old woman with no significant past history was seen for hemothorax
resulting from a car accident. A splenic mass was identified incidentally on routine radiographic and
clinical examinatio.n. The resected spleen weighed 324 gr. and measured 14 x II x 5.5 em. Cut section
showed an 8 x 7 x 5 em, well-circumscn'bed, tan pink, rubbery mass with areas of hemorrhage and
necrosis.
CASE 11 (0030791): A 29 year old woman with no significant past medical history was seen for a soft
tissue mass in her right groin. Pelvic ultrasound and cr scan of the abdomen was negative for tumor.
The resected specimen showed a 3 em, well-circumscribed, homogeneous rubbery mass without any
evidence of hemorrhage or nec.rosis.
CASE 12 (0030792): An 87 year old woman was seen for a large scalp mass of undetermined duration.
A clear past medical history could not be elicited. Physical examination showed several previous surgical
scars, inc luding a small incisions! longitudinal scar in the lefi lower back approximately 5 em. in
diameter, a right upper quadrant lumpectomy scar in her right breast, a cholecystectomy scar, and a
median laparotomy scar. Physical examination did not reveal any adenopathy or other evidence of tumor
elsewhere at the time of admission. The mass was resected and showed a nodular, exophytic, tan-pink
rubbery tissue measuring 4 em. in greatest diameter and extending 2 em above the skin surface and
grossly involving the deep resection margin.
CASE 13 (0030793): A 38 year old female with no significant past medical history was seen for a
slow-growing soft tissue mass in the subcutis of her right hip. A wide excision was performed for the
suspicion of malignancy. The resected specimen showed a well-circumscribed, thinly encapsulated, tan
fleshy tumor that measured 12 x 11.5 x 8.5 em. The cut surface showed tan white homogenous rubbery
tissue with about 300/o areas of yellow discolomtion and small foci of hemorrhage. The lesion was
located above the fascia and did not involve the underlying skeletal muscle.
CASE 14 (0030830): A 50 year old woman was seen for a slow-growing mass in her left thigh. The
patient did not have any previous significant history and was otherwise unremarkable on physical
examination. A core biopsy of the lesion was performed that was diagnosed as "malignant spindle cell
tumor with neural features". A complete resection was carried out. The specimen measured 13 x 7 x 6
em, was well-circumscribed but showed a few small multiple satellite nodules in the surrounding
fibroadipose tissue. On cut section, approximately 70% of the tumor appeared necrotic, with white,
semiliquid, somewhat gelatinous central portions.
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INTRODUCTION
Numerous changes· in our understanding of neoplastic diseases )lave taken place
over the past few years as new concepts have continued to emerge, particularly as a result
of the widespread use of new diagnostic techniques. This progress in our thinking about
pathologic processes has been further accelerated by the introduction of modem
molecular techniques into the armamentarium of surgical pathology.
These changes have affected almost every field in surgical pathology, but none
with more impact than in oncologic surgical pathology. Newer studies have constantly
revised, renewed lll)d extended diagnostic criteria, explained morphologic features that
were previously misunderstood, and in many cases, identified new categories and
subtypes oftumors that had previously gone unrecognized.
Obviously time constraints as well as the presenter' s own Limitations precludes a
comprehensive and all inclusive overview of the many areas in which important changes
in concepts and advances in our understanding of disease have taken place in the broad
field of diagnostic pathology. However, the present list of cases will attempt to review a
broad representation of some of the areas in tumor pathology in which significant
advances or controversies have impacted our daily work in surgical pathology, in
particular in thoracic, endocrine and soft tissue pathology.
I hope you will enjoy these cases and will forgive the obvious bias of the speaker
for certain topics that are very close to .his personal sphere of interest. ln the end, I )lope
that each one of these cases will illustrate how our specialty continues to enrich the world
of medicine and helps to keep us all young, engaged and on out toes when it comes to the
study of human pathology.

Saul Suster, M.D.
Milwaukee, WI.
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Case 1
Clinical History:
A 43 year old man with no significant past medical history was seen for rightsided chest pain and shortness of breath. A chest X-ray revealed a right pleural effusion
and consolidation of the right lower lobe of lung. A CT scan showed an infiltrative mass
extensively involving the diaphragmatic and costal margin of the pleura. A core biopsy
showed a high-grade spindle cell neoplasm suspicious for a spindle cell sarcoma. An
extrapleural pneumonectomy was performed.
Gross Features:
The specimen consisted of an extrapleural pneumonectomy with resection of the
pericardium, right hemidiaphragm and right chest wall. The resection specimen showed
a plaque-like thickening of the pleura that varied ·from 0.1 to 2.5 em in thickness and
iftvolved the lower two-thirds of the anterior, posterior, medial, lateral and diaphragmatic
pleura without involvement of the lung parenchyma.
Histologic Findings:
The pleural surface was thickened and replaced by multiple nodules composed of
a spindle cell proliferation displaying a focally prominent storiform pattern. The tumor
cells showed elongated, hyperchromatic nuclei with occasional prominent eosinophilic
nucleoli. There was marked nuclear pleomorphism and scattered mitotic figures. The
tumor cells were set against a fibrotic stroma with nunierous inflammatory cells,
including small lymphocytes, plasma cells and histiocytes. There was no evidence of
invasion of the underlying lung parenchyma. However, in some areas, intravascular
tumor plugs were present within pleural lymphatics that were composed of clusters of
large, pleomorphic epithelioid cells with nuclear atypia which seemed in areas to adopt
an abOrtive pseudoglandular configuration.
Special Studies:
A panel of immun.ohistochemical stains was performed. The atypical spindle
tumor cells showed cytoplasmic positivity for cytokeratin AEl/AE3 and focally for
CK5/6, calretinin and SMA. Stains for vimentin were also strongly positive in the tumor
cells. Stains for polyclonal CEA, MOC31, EMA, TTFl, CK7, CK20, S-100 protein,
desmin, H-caldesmon, HMB45, CD31, CD34, bcl-2, p63 and WTl were negative in the
tumor cells. A MJB-1 proliferation marker showed nuclear positivity in - 50% of the
tumor cells.
Electron microscopy was performed from a fresh tissue sample fixed in
glutaraldehyde. Thin sections showed a population of non-cohesive oval to spindle cells
with elongated nuclei, peripheral margination of chromatin and occasional prominent
nucleoli. The cytoplasm contained abundant intermediate filaments, occasional rough
endoplasmic reticulum, poorly-developed Golgi apparati, and a few scattered ribosomes.
The cell membranes showed occasional abortive cytoplasmic prolongations and a few
immature desmosomal-type cell junctions. A few cells showed occasional small abortive
microvilli. There was no evidence of intracellular glandular lumen formation, glycocalyx,
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secretory granules, premelanosomes, microfilaments with focal densities, or other
specific organelles.
Cytogenetic studies by fluorescence in-situ hybridization (FISH) was carried out
for the X; 18 translocation with negative results.
Clin.ieaJ Follow-up:
Extensive clinical studies and radiographic evaluation failed to identify any
evidence of tumor elsewhere. Careful clinical history did not reveal any evidence of
other malignancy from his past history. It was found that the patient had worked for
several years in his youth in a factory where he had been exposed to asbestos. The
patient died of progressive local disease eight months after the operation.

Diagnosis: SPINDLE CELL (SARCOMATOID) MALIGNANT MESOTHELIOMA.
Discussion :
Spindle cell (sarcomatoid) malignant mesothelioma represents one of the three
standard categories among the major histologic types of mesothelioma classically
described in most major textbooks. It has been felt to account for J 0-30% of all cases of
malignant mesothelioma of the pleura. This diagnosis, however, has been applied rather
indiscriminately in the past to any sarcomatous spindle cell tumor of the pleura that
shows a diffuse, plaque-like growth pattern reminiscent of conventional malignant
mesothelioma.

ln the majority of instances, sarcomatoid mesothelioma has been a diagnosis
rendered by default, many times on incompletely or only superficially studied cases and
someti mes based on circumstantial evidence alone. The truth is that there are very little
adequate studies on this tumor published ijJ. the literature, and criteria for their diagnosis
are still very loose and oftentimes arbitrary. This diagnosis bas thus been used and
abused for many years in the setting of spindle cell pleural proliferations as a result of
several misconceptions.• The first one is the notion that any history that is even remotely
suggestive of asbestos exposure is automatically accepted as proof that the patient has
mesothel.ioma. The fact is, not all exposure to asbestos leads to the development of
mal.ignant mesolhelioma (in fact, the vast majority of exposed individuals never develop
mesothelioma). Moreover, the clinical history provided to lhe pathologist is often vague,
incomplete, or unsubstantiated. It is also frequently forgotten that trivial or brief
exposure to asbestos is highly unlikely to cause malignant mesothelioma, and that a
significant latency period (15-30 years) is usually the norm for the development of these
tumors (as opposed to having briefly worked with asbestos only a few years prior to the
development of symptoms).
The second misconception is that the clinical presentation of a diffuse, plaque-like
growth over the pleura with repeated pleural effusions is synonymous with mesothelioma.
Although this clinical presentation is characteristic of malignant mesothelioma, it is not
exclusive for it or diagnostic. The diffuse, plaque-like erowth pattern of malignant
mesothelioma is the result of coelomic spread of the tumor cells along the pleural surface,
during which process the underlying mesothelial surface basically serves as a "culture
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medium" for the spread of the tumor. This type of growth can be observed in virtually
any type of neoplasm involving the pleUia, and has been described for metastatic tumors,
lung adenocarcinoma, synovial sarcoma, angiosarcoma, leiomyosarcoma, thymoma, and
other neoplasms involving the pleura.
Another common misconception has been the notion that certain
immunohistochemical markers can pennit a definitive diagnosis of malignant
mesothelioma. The latter issue has been the subject of much debate and controversy in
the literature. However, the fact is that the diagnosis of malignant mesothelioma remains
a diagnosis of exclusion that requires the use of a panel of antibodies to rule out other
possibilities before a diagnosis of mesothelioma can be rendered.2 Yet, many studies
published in the literature have based their diagnoses of sarcomatoid mesothelioma on the
premise that certain combinations of positive markers (such as keratin and vimentin),
with or without support of clinical· or radiographic findings, can be accepted as evidence
for the diagnosis of malignant mesothelioma.
In recent years a number of malignant spindle ceil neoplasms involving the pleura
have been identified and characterized. Such conditions may present with virtually
identical clinical and radiographic features as malignant mesothelioma (including a vague
"history" of asbestos exposure and diffuse.plaque-like growth on the pleural surface), yet
they will follow a different clinical behavior. Su.ch tumors include sarcomatoid (spindle
cell) carcinoma metastatic to the pleura, monophasic synovial sarcoma, malignant
solitary fibrous tumor, angiosarcoma, metastases of spindle ceil sarcomas to the pleura,
pleural malignant smooth muscle tumors, spindle cell thymoma, and metastases of
spindle ceil melanoma (Table I).1·6 Ruling out these possibilities thus becomes
mandatory before attempting a diagnosis of sarcomatoid mesothelioma not only because
of the different management options and clinical behavior, but also because of th.e
medicolegal inlplications involved in making a diagnosis of malignant mesothelioma.

Table I: Spindle Cell Tumon of the Pleura
Metastatic snlndle cell carcinoma
Snlndle cell svnovlal sarcoma
Mallv:oaut solitary fibrous tumor
Other nrlmarv soindle cell sarcomas of the nleura
Solndle cell thvmoma
Metastases of snlndle cell melanoma
Sarcomatoid malitmant mesothelioma

The vast majority of sarcomatoid mesotheliomas are described grossly as plaquelike, diffuse growths along the pleural surface, although multiple small tumor nodules or
a single, infiltrative mass have also been described. The histologic appearance of
sarcomatoid malignant mesothelioma can be quite variable. In general, the tumor is
characterized by an atypical spindle cell proliferation that resembles a sarcoma, with
fascicular, herringbone and storiform patterns being descn'bed.
Non-spindled,
pleomorphic tumor cells similar to those seen in malignant fibrous histiocytoma can also
be seen. The presence of areas which look distinctly epithelioid, showing either a tubular

4

Advances in S11rgico/ Pathology

CTTR 123"' Semi-Annual Slide Seminar

or papillary growth pattern, however, already qualify a tumor as mixed (biphasic). A
subset of these tumors can show a highly collagenized, desmoplastic stroma with
minimal or subtle cytologic atypia; such tumors have been designated as desmoplastic
malignant mesothelioma.
Because neither the gross appearance nor the histology of these tumors is
exclusive to malignant mesothelioma, their diagnosis becomes strictly one of exclusion.
Immunohistochemistry has played a major role in the diagnosis of conventional
epithelioid malignant mesothelioma. However, the role of immunohistochemistry for the
diagnosis of the sarcomatoid variant of mesothelioma has been much more Iimited. Loss
of expression of some of the more common "positive" markers for mesothelioma is a
common occurrence in these tumors and parallels the difficulties encountered on
ultrastruc.turaJ examination due to the loss of specific organelles of differentiation
characteristic of mesothelial cells. 7•8 nie most consistently expressed markers reported in
the literature have bee11 keratin and vimentin. It appears that nearly I 00% of cases of
sarcomatoid mesothelioma show this combination of markers. Unfortunately neither of
these markers is specific for mesothelioma and can also be expressed in a wide range of
other tumors that enter in the differential diagnosis.
A review of the literature shows thai 75% of sarcomatoid mesotheliomas stained
for pan-cytokeratin, 57.8% for calretinin, 39% for thrombomodulin, 30% for HBME-1,
25% for WT1 , and 19.6% for CKS/6. 3-I Z 1n comparison with conventional epithelioid
mesothelioma, the immunoreactivity of these tumors for some of the currently available
mesothelioma-associated markers is thus significantly reduced, denoting very poor
sensitivity. Moreover, in the context of the histologic differential diagnosis for these
tumors the level of utility and reliability of these markers also becomes greatly reduced.
A tumor that has been recently described occurring as a primary pleural neoplasm
is monophasic synovial sarcoma. This tumor shares with sarcomatoid mesothelioma a
similar growth pattern as well as coexpression of keratin and vimentin intermediate
filaments. They can additionally also show positivity for CK5/6 and calretinin. These
markers can be additionally expressed in other spindle cell sarcomas and sarcomatoid
carcinomas involving the pleura. lll one study, calretinin was found to be positive in 17%
of spindle cell sarcomas and in 60% of sarcomatoid carcinomas, whereas
thrombomodulin was positive in 38% of sarcomas and in 40% of sarcomatoid
carcinomas.8 Distinguishing between monophasic synovial sarcoma and sarcomatoid
mesothelioma on the basis of staining for keratin, vimentin, calretinin and CK5/6 can
thus be quite unreliable and problematic. In some instances, molecular studies may be
needed to identify the X; 18 translocation characteristic of synovial sarcoma.
Another tumor that may present as a diffuse pleural neoplasm and shares keratin
positivity with sarcomatoid mesothelioma is primary or metastatic spindle cell thymoma
of the pleura. These tumors have also been shown to express calretinin positivity, thus
increasing the potential for misdiagnosis with sarcomatoid mesothelioma. Separation of
sarcomatoid mesothelioma from a sarcomatoid carcinoma of the lung or other organs can
also be quite difficult. Several studies have shown that the former can also express
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mesothelioma-associated markers su<;h as calretinin and thrombomodulin in addition to
keratin and vimentin. A particular problem is posed by metastatic sarcomatoid renal cell
carcinoma to the pleura, which can coexpress not only keratin and vimentin, but may also
be 11ositive for calretinin and other markers. Additionally, cases of sarcomatoid
mesothelioma have been described in the literature that were positive for CD I0 and renal
cell carcinoma antigen, two markers frequently associated with renal cell carcinoma. 12
Another potential diagnostic pitfall is with malignant smooth muscle tumors of
the pleura. First, smooth muscle tumors can express cytokeratin and EMA in a
significant percentage of cases. Second, several studies have shown that cases of
sarcomatoid mesothelioma can be positive for smooth muscle markers; in one study, 60%
of cases of sarcomatoid mesothelioma showed positivity for smooth muscle actin.8 Use
of additional smooth muscle markers such as H-caldesmon and calponin may be
indicated to support the smooth muscle nature of the neoplasm. Electron microscopy,
when available will help establish a definitive diagnosis by showing smooth muscle
ultrastructural features such as bundles of cytoplasmic microfilaments with focal
densities.
Metastases to the pleura of spindle cell malignant melanoma can also present with
diffuse pleural spread mimicking malignant mesothelioma. Because of the enormous
polymorphism of melanoma and its ·ability to aberrantly express a variety of epithelial
markers, such as keratin, EMA and CEA, caution should be observed in interpreting the
results of immunohistochemical stains in such tumors. Inclusion of melan.oma-associated
markers such as S-1 00 protein and HMB45 are indicated. Finally, another problem that
needs.to be acknowledged..is that of cases of keratin-negative sarcomatoid mesothelioma.
Although only a reduced percentage of cases will fall under this circumstance, separation
of sarcomatoid mesothelioma from a primary or metastatic spindle cell sarcoma of the
pleura may become impossible or arbitrary.
Given the extensive overlap in the antigenic expression of positive mesothelioma
markers (including cytokeratin, calretinin and thrombomodulin) with other spindle cell
malignancies, including synovial sarcoma, and sarcomatoid carcinomas, the diagnosis of
sarcomatoid mesothelioma of the· pleura should be strictly one of exclusion. Also,
because a.variety of spindle cell tumors are capable of metastasizing to the p1ema, careful
clinical history and radiographic studies are always indicated to rule out the possibility of
a metastasis from an occult or remote primary.
When confronted with a malignant spindle cell neoplasm of the 11leura, the
pathologist's charge should be to first rule out alternate diagnostic possibilities before
rendering a diagnosis of sarcomatoid mesothelioma. Rendering a diagnosis of
sarcomatoid mesothelioma based solely on positive staining for calretinin, CKS/6,
thrombomodulin or any of the other positive mesothelioma markers could result in a
premature and incorrect diagnosis and prevent the patient from having the opportunity to
get appropriate treatment for their condition. The diagnosis of sarcomatoid mesothelioma
requires careful consideration of the clinical history, gross configuration of the tumor,
thorough clinical and radiologic work-up of the patient to rule out the possibility of a
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missed primary tumor elsewhere, and full histopathologic work-up including
immunohistochemistry, electron microscopy and cytogenetics to rule out alternate
diagnostic possibilities.
"Take-Home" Message:
• Sarcomatoid mesothelioma is a diagnosis of exclusion and should not be
automatically rendered on any spindle cell tumor of the pleura.
• Immunohistochemical stains are of limited value in the evaluation of
sarcomatoid malignant mesothelioma, and the usual panel of stains used for
conventional epithelioid mesothelioma cannot be applied with similar results.
• Ruling out alternative conditions, such as sarcomatoid carcinoma, synovial
sarcoma, and metastases of other spindle cell neoplasms, is always indicated.
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Case2
CUnlcal History:
A 49 year old woman with no significant past medical history was seen for
persistent cough. A chest X-ray revealed a spiculated right upper lobe mass. An
endoscopic biopsy was carried out with a diagnosis of "undifferentiated carcinoma, favor
small cell carcinoma". A right upper lobectomy was performed.
Gross Features:
The.resected specimen showed a 3.8 x 3.7 x 3.0 em tan"gray, well-circll:mscribed
mass with areas of hemorrhage and necrosis located 0.5 em. beneath the pleura and 1 em,
away from the bronchial margin.
Histologic Findings:
On scanning magnification the tumor grew as sheets of monotonous tumor cells
with extensive, irregular areas of necrosis·. On higher magnification the tumor showed a
vague "nested" architecture but was mostly disposed in sheets of monotonous tumor cells.
Focal crush artifact was present. The tumor cells showed round to oval nuclei
surrounded by a scant rim of cytoplasm. The nuclei contained dispersed chromatin with
frequent round, prominent eosinophilic nucleoli. The tumor cells were 2 - 3 times the
size of normal red blood cells. Mitoses were frequent and averaged >I 0 per 10 high
power fields, Numerous apoptotic cells could be seen scattered throughout. There were
foci of vascular and perineurial invasion. The tumor couid be seen in close proximity to
the bronchi.
Special Studies:
Inununohistochemical stains showed focal positivity of the tumor cells for
cytokeratin AEl/AE3 and MOC3l, and strong nuclear positivity for p63. Stains for
TTFl, chromogranin, synaptophysin, CEA, CKS/6, monoclonal NSE, CD57, CK7 and
CK20 were negative in the tumor cells. A proliferation marker, MIB-1, showed -70%
nuclear positivity in the tumor cells.
Electron microscopy showed. a cohesive population of round to polygonal tumor
cells with large, round nuclei containing dispersed chromatin and prominent nucleoli, and
surrounded by abundant cytoplasm. The cytoplasm showed scant organelles, including
intermediate filaments, scattered ribosomes, Oolgi apparati, and occasional bundles of
tonofilarnents. The cell membranes contained occasional poorly-formed intercellular
junctions. No dense-core mem~rane-bound neurosecretory cytoplasmic granules could
be identified on extensive search.
Diagnosis: POORLY-DiFFERENTIATED SQUAMOUS CELL CARCINOMA,
SMALL CELL VARlANT.
Discussion:
Prim~

··

lung neoplasms characterizt~d by a monotonous small round cell
population are relatively rare, witl;i the majority of such tumors corresponding to the
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"small cell lung cancer" category. Small cell lung cancer is nowadays recognized as
forming part of the spectrum of neuroendocrine carcinomas, and belongs in the poorlydifferentiated category of such tumors. Although much progress has been made in their
characterization, particularly at the molecular level, confusion and uncertainty still
surround their classification, nomenclature and diagnosis.
The classification and nomenclature of small cell carcinoma has continuously
changed over the years. Since the initial description by Barnard in 1926 of "oat cell
carcinoma",1 a number of alternate designations were introduced over the years for these
tumors. It was also soon appreciated that the morphology of these lesions could exhibit a
wide range of appearances, from the traditional "oat cell" type, to tumors with larger
nuclear diameters, more abundant cytoplasm, and even anaplastic and large pleomorphic
cellular elements. Terms such as small cell carcinoma, intermediate cell variant,
polygonal cell type, spindle cell variant and mixed type have been variously applied to
these tumors. Tumors showing admixtures of small cell elements with large cell
anaplastic components have also been described as well as mixed tumors containing
small cell carcinoma elements with other types of non-small cell carcinoma. Most
authors, however, currently consider the entity of small cell cancer as a poorlydifferentiated variant within the spectrum of neuroendocrine neoplasms.2"'
The concept that "small cell carcinoma" is composed of small cells is a historic
misconception that stems from the original observations on the "oat cell" or
"lymphocyte-like" variant. The crowding of the cell nuclei, abundance of apoptotic cells,
and almost total absence of cytoplasm contributes to impart the impression of small cells
in these neoplasms. The size of the cells in these tumors, however, can range from 2 to 3
times the size of a small lymphocyte or a normal red blood cell. In fact, the cell size in
many of these tumors is far from "small'~. Morphometric analyses have confirmed the
wide variations in size that the individual tumor cells can display in these neoplasms.
Cytologically, small cell neuroendocrine carcinomas can show a spectrum of
features. The current definition in the latest WHO book on the classification of tumors of
the lung is that of a "malignant epithelial tumor consisting of small cells, finely granular
nuclear chromatin, and absent or inconspicuous nucleoli". 5 It bas been traditionally
observed that to make the diagnosis of small cell carcin.oma, the nuclear chromatin must
appear primitive or "smudged" with lack of clear nuclear detail, and nucleoli must be
absent or very inconspicuous. However, the nuclear chromatin in these tumors may
range from finely granular and uniformly distributed with a "salt and pepper" quality, to
very dark and smudgy with poor definition. The distinction between neuroendocrine
tumors that display a more well-defined nuclear chromatin pattern, with distinct and wellformed nucleoli, and often with abundant cytoplasm can be sometimes problematic as
tumors with such features have been variously included in the small cell category
("intermediate or polygonal cell type"), or more recently under the rubric of "atypical
carcinoid" or moderately-differentiated neuroendocrine carcinoma.4 An additional
category of poorly-differentiated neuroendocrine tumor that has been described in recent
years and that can show morphologic overlap with the above is the "large cell
neuroendocrine carcinoma".6
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•
A number of other tumors have been described in the lung that may be also
composed primarily of a uniform population of "small cells". These include basaloid
carcinoma, lymphoepithelioma-like carcinoma, and the small cell variant of poorlydifferentiated squamous cell carcinoma.

Basaloid carcinoma was described by Brambilla et af in 1992. It is currently
regarded as a poorly-differentiated variant of squamous cell carcinoma characterized by
islands of tumors cells displaying prominent peripheral palisading of nuclei reminiscent
of cutaneous basal cell carcinoma. It is not clear yet whether this indeed represents a
separate an<! distinctive type of lung cancer as there may be considerable overlap between
this tumor and so-called "atypical carcinoid" of the lung and "large cell neuroendocrine
carcinoma". It is lil5:ely that these l:l;unors may simply correspond to part of the spectrum
of neuroendocrine lung cancers with a particularly exaggerated basaloid disposition of
nuclei at the periphery of the tumor cell islands.
Lymphoepithelioma-like carcinoma of the lung is characterized by a monotonous
proliferation of poorly-differentiated round to oval neoplastic epithelial cells admixed
with a prominent lymphoid stroma. 8 The cells display vesicular nuclei and small, round
eosinophilic nucleoli. These tumors are essentially similar to their nasopharyngeal
~unterparts and are commonly regarded as poorly-differentiated variants of squamous
cell carcinoma. A relationship with Epstein-Barr virus has been demonstrated in some
cases.
The small cell variant of squamous cell carcinoma is a tumor composed
predominantly or almost entirely of relatively small, uniform cells that retain
morphologic characteristics of non-small cell carcinoma; i.e., they lack the smudged
nuclear chromatin pattern and display prominent and distinctive nucleoli, with more
abundant rim of cytoplasm. The characteristically sharp cell borders and pavement-like
architecture of squamous cell carcinoma, however, is absent.9•11 Because of their
monotonous cell population, their sheet-like growth pattern, frequent areas of
"geographic" necrosis, focal crush artifact, and absence of keratinization they can be
often confused for moderate or poorly-differentiated variants of neuroendocrine
carcinoma, in particular small cell lung cancer. Because of the differences in patient
management for these two conditions, making a distinction between the small cell variant
of squamous cell carcinoma and poorly-differentiated small cell neuroendocrine
carcinoma is of clinical significance.
Unfortunately, the small cell variant of poorly-differentiated squamous cell
carcinoma has received little attention in the literature. Few deta_iled studies are available
that define objective morphologic parameters for distinguishing this tumor from
conventional small cell lung cancer, and the molecular genetics. or immunohistochemical
characteristics of these tumors have not yet been adequately explored.
We recently had the opportunity to study a series of I 0 cases of small cell variant
of squamous cell carcinoma (unpubl.ished data). The tumors occurred in 5 men and 5
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women ranging in age from 54 to 78 years (mean=65}. The tumors presented as wellcircumscribed intraparenchymatous nodules ranging from 22 to 4.5 em in greatest
diameter, usually in association with a bronchus. All tumors were characterized by a
monotonous population of "small" "round to oval cells with extensive areas of necrosis.
In some of the tumors, areas displaying peripheral palisading of nuclei reminiscent of socalled basaloid carcinoma were present.
In some cases, a more pronounced
"neuroendocrine" pattern of growth with cords and ribbons of monotonous tumor cells
could be discerned, further highlighting the similarity with poorly-differentiated
neuroendocrine carcinoma. lbree cases showed small, abortive foci of clear-cut
squamous differentiation.
Immunohistochemical assays in these tumors were extremely helpful for ruling
out neuroendocrine features of differentiation and for identifying them as poorlydifferentiated variants of squamous cell carcinoma. The tumor cells in aU cases showed
strong cytoplasmic positivity i.n the majority of the tumor cells with cytokeratin AEI/AE3
and MOC31, and also showed focal positivity in the tumor cells for CKS/6, polyclonal
CEA, and nuclear positivity for p63. The tumor cells were unreactive with antibodies to
chromogranin, synaptophysin, monoclonal NSE, CD 57, CK20, CK7 and TTF 1.
Although poorly-differentiated small cell carcinoma belongs in the spectrum of
neuroendocrine carcinomas of the lung. the expression of neuroendocrin.e markers in
these tumors can be greatly diminished because of the scantiness of the cytoplasm, and
may be on occasion very difficult to demonstrate? Other markers, however, may be
utili7.ed in equivocal cases to arrive at a diagnosis. Two markers that have been shown to
be consistently expressed in the majority of these tumors are CK7 and the thyroid
transcription factor-1 (TTF1). 12' 13 The vast majority of small cell neuroendocrine
carcinomas show a distinctive dot-like paranuclear pattern of positivity for CK7, and
strong nuclear positivity for TTFL In contrast, squamous cell cancers are uniformly
negative for these markers. Likewise, CKS/6 and MOC31 are almost universally
expressed across the full spectrum of squamous cell carcinomas, whereas they are almost
never observed in neuroendocrine carcinomas of any type.
Another useful marker for distinguishing squamous cell carcinomas from
neuroendocrine carcinomas is the oncogene p63. This marker is usually present in most
cases of well and moderately-differentiated squamous cell carcinomas, although the
staining reaction diminished with progressive loss of differentiation. This molecule, on
the other hand, has not been observed in poorly-differentiated small cell neuroendocrine
carcinomas.
Electron microscopy can also be of aid in this particular instance by
demonstrating abortive features of squamous differentiation and ruling out the presence
of dense-core neurosecretory granules.
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"Take-Home" Message:
•
•
•

Not all small cell tumors in the lung represent small cell neuroendocrine
carcinoma.
Attention to nuclear detail is important for distinguishing small cell cancer from
its mimics.
Immunohistochemistry can sometimes be of help in such cases by demonstrating
absence of staining for markers associated with small cell carcinomas such as
TTFl and CK7, and positivity for squamous epithelium-associated markers
such as p63, MOC31 and CK5/6.
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Case3
C linical History:
A 56 year old man was seen for shortness of breath and chest pain. A cr scan
revealed a large anterior mediastinal mass. A video-assisted thoracoscopic biopsy with
frozen section examination was read as a " small round blue cell neoplasm". Study of
permanent sections showed scattered keratin-positive cells against a sea of lymphocytes
favoring a diagnosis of thymoma. A total thymectomy was performed.

Gross Features:
The resected specimen consisted of a well-circumscribed, encapsulated tumor
mass measuring 8.4 em in greatest d.i ameter. The cut section was gray-white,
homogeneous and without areas ofhemotrhage or necrosis.
Histologic Findings:
Scanning magnification showed a lobulated tumor mass composed of small blue
cells. The tumor lobules were separated by broad bands of fibroconnective tissue. On
higher magnification the cell population consisted of two intimately admixed cell types.
One consisted of small lymphocytes without any significant nuclear irregularities or
mitotic activity. The second cell population was composed of oval to spindle cells with
fmely dispersed chromatin pattern, occasional small chromocenters, and scant rim of
amphophilic cytoplasm. In some areas, the spindle cells adopted a focally fascicular
architecture and were clearly segregated from the surrounding lymphocyte population.
The majority of the tumor, however, showed an even admixture ofboth cell components.
The tumor was encapsulated and well-circumscribed without evidence of invasion into
the surrounding structures. Multiple small perithymic mediastinal lymph nodes were free
of tumor.
Sp ecial Studies:
Immunohistochemical stains showed strong positivity of the spindle cells for
cytokeratin AEI/AE3, CK.S/6 and CK19. Many of the spindle cells also reacted with bcl2 and p63 antibodies. Stains for CDS, EMA, MOC3 1, smooth muscle actin, S-100
protein, vim en tin, desmin and CD34 were negative in the spindle cells. Stains for CD Ia,
CD3, TdT and CD99 were positive in the majority of the small lymphocytes. Stains for
CD20 highlighted a few scattered clusters of lymphoid cells.
Electron microscopy done from a fresh tissue sample fixed in glutaraldehyde
showed a dense population of lymphocytes circumscribing scattered spindle cells. The
spindle cells showed small, elongated nuclei with dispersed nuclear chromatin. The
cytoplasm of the cells contained scattered intermediate filaments, ribosomes and
mitochondria. The cell membranes showed occasional desmosomal-type cell junctions
and frequent tonofilarnents bundles adjacent to the plasma membrane. There were no
other specialized organelles present in the spindle cell population
Diagnosis: LYMPHOCYTE-RlCH SPINDLE CELL THYMOMA (WHO TYPE-AB).
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Discussion:
The diagnosis and classification of thymoma remains to this day a controversial
topic in pathology. This tumor family has eluded for many years a rational and clear
understanding by pathologists. A plethora of classification schemes have been offered
over the years, none of which have had lasting acceptance.
The morphologic classification of thymomas that enjoyed the widest popularity
for the longest period of time was the one proposed by Bemat:z and colleagues from the
Mayo Clinic in 1961. 1 This classification divided these tumors on the basis of their cell
shape and the relative proportion of lymphocytes into 4 categories: lymphocyte-rich
thymoma, epithelial-rich thymoma, mixed (lymphoepithelial) thymoma, and spindle cell
thymoma. Several other scbemas based on histogenetic, cytologic, immunohistochemical
and gross features have been subsc:quently presented over the years.
The most recent classification was the one published by the WHO in 1999 under
the direction of Dr. Juan Rosai,2 which has been recently ratified with minor
modifications in the latest 2004 WHO monograph. 3 This classification is based on a
combination of letters and numbers, and was initially proposed not as a histologic
classification scheme but as a framework for translating the other various existing
histologic classifications into a common language.
The basic premise of the WHO classification is that there are 2 main types of
thymoma: I) those composed of a neoplastic cell population characterized by elongated,
oval to spindle-shaped nuclei, and 2) those composed of a neoplastic population
characterized by epithelioid cells that contain round nuclei. The tumors composed of
spindle cells are designated as type A, and the tumors composed of round, epithelioid
cells are designated as type B. The latter are further subclassified (at least according to
the initial rationale presented by Dr. Rosai) on the basis of their progressive loss of the
lymphoid cell component and increasing degree of cytologic atypia of the epithelial cells
into B I, B2 and B3. As per the stated criteria listed by the WHO monograph, tumors
showing admixtures of both cell types are designated as type AB.
Based on the description provided in the current WHO histologic classification of
thymic epithelial neoplasms, the present case would fall under the category of thymoma
type AB. In fact, review of the WHO monograph reveals that the illustrations provided
as examples of the type AB thymoma are virtually indistinguishable from the present
case. It is no wonder th.en that the AB category of thymoma should be deemed to have an
identical behavior and prognosis as type A according to the authors of the WHO
monograph. However, critical review of the definitions provided by the WHO
45
monograph reveals several contradictions. •

In the original proposal introduced by Dr. Rosai in 1999,2 it is stated in the
introduction (page 4} that "there are two major types of thymoma depending on whether
the epithelial cells are spindle/oval (type A) or plump, "epithelioid" (type B). Tumors
containing these two morphologies are designated as type AB". However, in page I 0 this
tumor is described as "a tumor in which foci having the features of type A thymoma are
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admixed with foci rich in lymphocytes". No mention is made in the definition that the
foci rich in lymphocytes should contain neoplastic cells that are not spindled and that
show the features of type B thymic epithelial cells (i.e., round, plump, epithelioid). In
fact, the picture chosen to illustrate type AB thymoma shows a tumor identical to the
present case.
Further confusion ensues in the subsequent edition of the WHO monograph on
tumors of the thymus,3 in which it is stated at the beginning of the chapter under the
heading of "principles of thymoma classification" (page 152) that "thymomas containing
type A with B !-like or (rarely) B2-like features are designated type AB". Moreover, later
on in page 157, the authors provide the following definition: "Type AB thymoma is an
organotypical thymic epithelial neoplasm composed of a mixture of lymphocyte-poor
type A component and a more lymphocyte-rich type B-like component". Thus, the new
edition of the WHO is essentially defining this tumor as a "type AB-Iike thymoma", and
has completely disregarded the original definition of type AB thymoma. The authors go
even further to elaborate "the tumor cells in the type B-like component are composed
predominantly of small polygonal epithelial cells with small round or oval or spindle
nuclei showing dispersed chromatin and inconspicuous nucleoli, and are smaller and
paler that those ofB 1 and B2 thymomas". This description of the type B-like component
is essentially that of the conventional spindle cell seen in type A thymoma.
The reality is that tumors conforming to the original definition of the WHO type
AB, i.e., tumors that contain areas composed of spindle cells (type A) and areas
composed of round cells (type B) within the same neoplasm do exist. Such tumors are
the ones that would qualify as "mixed" or type AB thymomas according to the basic
WHO premise that there are 2 types of thymomas depending on cell type. The tumors
that the current WHO monograph has declared as examples of type AB are actually
nothing other than type A thymomas (i.e., spindle cell thymomas) that happen to contain
a high density ofT lymphocytes. In all fairness to the authors of the WHO classification,
a tumor with such characteristics had not been previously formally recognized.
As with most (type A) spindle cell thymomas, these tumors also observe a rather
indolent behavior and are for the most part encapsulated and well-circumscribed. It is
mainly the latt.er feature that accounts for their relatively indolent behavior. Biologically,
it would simply not make sense for a tumor that contains a significant component of
cellular constituents that are otherwise deemed to have a more aggressive biologic
behavior (such as type B thymoma cells) to observe a better prognosis simply because of
the presence of type A elements within the tumor. The reason ll'{by the reported cases of
thymoma type AB have a better prognosis is because they is not really a type AB but a
type A thymoma with abundant lymphocytes.
A word of caution should be added, however, regarding the behavior of these
tumors. The new WHO monograph3 has made the claim that thymoma type A and AB
are "benign" tumors, presumably without capability for aggressive behavior. This is
based on a single study from China done in collaboration with Dr. Muller-Hermelink in
which favorable behavior was observed for these two types of tumors in 200 cases.6 This
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approach, however, can be quite misleading, since there are numerous instances
documented in the literature of spindle cell thymomas that were invasive and
metastasized causing the patient's death.1-1o Caution should be invested before declaring
a tumor "benign" on the basis of the cytologic characteristics, particularly on small
biopsy samples in which the pathologist has not had the opportunity to examine the entire
capsule. Although these tumors belong in the lower spectrum of aggressiveness for
thymoma, their behavior will generally be detennined by the status of capsular integrity
(staging) not by their cell type.
The differential diagnosis for these tumors is quite limited. Sarcomas, either
primary or metastatic to the mediastinum do not usually contain such a dense lymphoid
cell population, and even if they do they will type as B-lymphocytes rather than Tlymphocytes. The lymphohistiocytic variant of malignant mesothelioma, however
deserves mention. Such rumors can occasionally present as a predominantly mediastinalbased mass due to extensive compromise of the mediastinal pleura. The cell population
in those cases, however, will display more significant pleomorphism with a prominent
histiocytic component and a predominantly B-ee!! lymphoid population. A potential
pitfall is calretinin staining, because this marker can be expressed in both thymic
epithelial cells and in mesotheliomas. Attention to the cytologic features of the epithelial
cell infiltrate {polymorphous in mesothelioma and monotonous in thymoma) will be of
help in this setting, as well as clear communication with the clinician and the radiologist.

"Take-Home" Message:
•
•
•

Not all spindle cell thymomas are characterized by paucity or absence of
lymphocytes.
Not all thymomas that contain abundant lymphocytes are WHO type B.
Status of capsular integrity is still the best predictor of prognosis in thymic
epithelial neoplasms.
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Case4
Clinical History:
A 66 year old man was seen for progressive shortness of breath. A CT scan
showed a large anterior mediastinal mass. Thorough radiological and clinical
examination did not reveal evidence of tumor elsewhere. Endoscopic examination of the
bronclti was negative. An anterior median thoracotomy with thymec~omy was
undertaken. At surgery, a large, lobulated mass that was seen to focally infiltrate the left
upper lobe oflung was resected. A partial left upper lobectomy was also done.
Gross Findings:
The tlimor measured 13.5 x I0.8 x 8 em. Cut section showed tan, focally
hemorrhagic and partially encapsulated gray-white tissue focally infiltrating the pleura
and invading the underlying lung parenchyma.
Histologic Findings:
Scanning magnification showed a lobulated cellular proliferation infiltrating the
surrounding adipose tissue and lung parenchyma. The tumor was composed of a
monotonous population of cells that were large, cohesive and contained abundant
cytoplasm. The cell nuclei were large, round to oval, with a dense chromatin pattern and
prominent eosinophilic nucleoli. Scattered normal and abnormal mitotic figures could be
identified. Occasional cells with enlarged nuclei and multiple eosinophilic nucleoli were
also present. The cytoplasm of the tumor cells was abundant, finely granular and showed
sharp cell borders. In some areas, the tumor cells adopted a cord-like trabecular growth
pattern. Occasional dilated "Perivascular spaces could be identified that contained small
lymphocytes in their lumen. Perivascular palisading of tumor cells could b"e seen in some
of these areas. Admixed with the epithelial cell population was a sprinkling of small
lymphocytes.
Special Studies:
Immunohistochemical stains showed strong positivity of the tumor cells for
cytokeratin AEI/AE3 and CKS/6. Many of the tumor cells also stained with CK19.
Stains for CD3 and CD51lighlighted the small lymphocytes admixed with the tumor cells.
The lymphocytes were negative for CD99 and TdT. Stains for EMA, polyclonal CEA,
MOC31, CK7, CK20, CDX2, TTFl, calretinin, WTl, CD34, CD31, thyroglobulin, SMA,
S-1 00 protein, chromogranin, synaptopbysin and NSE were unifoi1Dly negative in the
tumor cells. A stain for the proliferation marker, MIB-1, showed focal nuclear positivity
in. about 5% of the tumor cells.
Diagnosis: ATYPICAL THYMOMA, INVASIVE (WHO TYPE B3).
Discussion:
Atypical thymoma was a tei1D introduced by us to designate a tumor occupying an
intermediate stage in the spectrum of differentiation of th:v.mic epithelial neoplasms.'
Such tumors had been previously designated as epithelial-rich thymoma, clear cell
thymoma, thymoma of polygonal cell type, and as well-differentiated thymic carcinoma
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in the "histogenetic" classification of Kirschner and Muller-Hermelink.2 These tumors
correspond to the category of thymoma type B3 in the WHO classification, which per
their stated definition is reserved for lesion that are composed of round, epithelioid cells
and in which the epithelial elements predominate over the lymphocytes and there is a
corresponding increase in the degree of cytologic atypia of the epithelial cells. 3
Unfortunately, there is still some controversy regarding the exact definition and
biologic potential of this tumor. According to the WHO's latest edition,3 this tumor is
said to represent a very aggressive type of thymoma with poor prognosis equivalent to
thymic carcinoma. Although atypical thymoma is indeed more aggressive that the other
well-differentiated variants of thymoma, the above view may be a bit overstated. The
majority of clinical studies have shown that atypical thymoma consistently behaves more
aggressively than other types of thymoma, but they are still closer to conventional
thymoma in their behavior than to thymic carcinoma.4-6 In fact, in a large multicenter
study from Germany only minor differences in prognosis could be noted between type B3
thymoma and the other WHO histologic types, whereas there was a dramatic difference
noted between this tumor and thymic carcinoma. 6
One of the reasons for some of the discrepancies reported in the literature is the
somewhat vague and ambiguous current definition given by the WHO for type B3
thymoma. This tumor is said to be composed of medium sized polygonal cells, in which
the round or elongated nuclei are often folded or grooved and characteristically smaller
with less prominent nucleoli than in B2 thymomas. 3 This stands in contrast with the
original definition proposed by Dr. Rosai in the first WHO monograph on thymic
epithelial neoplasms in which it was stated that B3 thymoma was characterized by the
paucity of lymphocytes and increase in the cytological atypia ofthe epithelial cells. 1
Atypical thymoma (WHO B3) is characterized by progressive loss of the
organotypical features of thymic differentiation (i.e., lobulation, dual cell population of
epithelial cellsllymphocytes, perivascular spaces, areas of "medullary" differentiation, etc)
with the concomitant and progressive appearance of cytologic features of atypia in the
epithelial cells.8 The tumors usually grow as sheets of cohesive round to polygonal cells
with or without lobulation and fibrotic bands. Perivascular spaces are usually numerous
and show a tendetlCy to display prominent peripheral palisading of tumor cells. There is
usually a minor lymphocytic component, with a sprinkling of lymphocytes most
commonly observed in the vicinity of dilated perivascular spaces.
On higher magnification, the tumor cells are large and contain large nuclei that
are often larger than the nuclei of type B I and B2 thymomas. The nuclei are
characterized by a dense chromatin pattern, as opposed to the finely dispersed chromatin
observed in type B I and B2 tumors. The nuclear to cytoplasmic ratio is markedly
increased in comparison with type B l-B2 thymoma. Another characteristic feature is the
irregularity of the nuclear membrane that often imparts the nuclei with a raisin-like
appearance. Many of the cells contain prominent eosinophilic nucleoli, which may be
sometimes multiple. Enlarged, bizarre nuclei can also be observed, as well as
multinucleated or multilobated cells. Another common occurrence is the presence of foci
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of epidermoid differentiation, including areas showing concentric whorls and obvious
keratinization. Mitotic figures, including tripolar and atypical mitoses, are also presenl
The tumors are often invasive and show a marked association with myasthenia gravis.
Metastases, however, are extremely rare. The well-encapsulated tumors which are
devoid of capsular invasion usually behave in an indolent fashion and may be cured by
complete surgical excision.
A recent multicenter study from Germany showed that the various histologic
subtypes of thymoma in the WHO classification did not display statistically significant
differences in prognosis.6 Significant differences among these tumors, however, were
observed when the four categories of type A, AB, Bl and B2 thymoma were collapsed
into a single category, separate from B3 and thymic carcinoma. It was proposed that the
current subdivision into the various types proposed by the WHO was of little prognostic
significance and that simplifying the schema into three categories would afford better
correlation with clinical outcome as well as improved interobserver reproducibility for
diagnosis. 6 This proposal is basically similar to the proposal that was presented by us
several years ago that thymic epithelial neoplasms should be separated into low-grade or
well-differentiated tumors (thymoma), intermediate grade or moderately differentiated
tumors (a~ical thymoma) and high-grade or poorly-differentiated tumors (thymic
carcinoma). ·89 It appears that the point in the spectrum of differentiation of thymoma
when the tumors already show a more advanced stage in their progression to malignancy
and grows a step closer to thymic carcinoma is with atypical thymoma (WHO 83). 1 •~
This has been supported by recent observations using comparative genomic hybridization
which demonstrate genomic losses in chromosome 6q in both 83 tumors and thymic
carcinoma. 10
The differential diagnosis for this tumor is quite limited. Other things that could
remotely look like this include metastases from thyroid follicular carcinoma or adnexal
carcinomas of the skin. However, none of those tumors would present with a large
anterior mediastinal mass in the absence of signs and symptoms of a primary tumor, or
would result in a bulky mediastinal mass from an occult or unapparent primary. The
main differential diagnosis for this tumor is thus with a well-differentiated squamous cell
carcinoma of the thymus.
Distinction of atypical thymoma from well-differentiated squamous cell
carcinoma of the thymus can be quite difficult and in some instances somewhat arbitrary.
In fact, a significant number of tumors previously reported under the category of welldifferel!tiated squamous cell carcinoma of the thymus would be reclassified today as
atypical thymoma using current criteria.• Well-differentiated squamous cell carcinoma of
the thymus would be expected to grow as irregular cords and islands of squamoid cells
with well-developed intercellular bridges and foci of keratinization that infiltrate the
stroma in an irregular fashion. The desmoplastic stroma would contain abundant plasma
cells and B-lymphocytes. Atypical thymoma, on the other hand, usually grows as sheets
or lobules of tumor cells that do not infiltrate in an irregular fashion and are literally
devoid of stroma, forming continuous sheets interrupted only by dilated perivascular
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spaces. The lymphoid cells in atypical thymoma are mostly mature T-cells and are seen
intimately admixed with the epithelial cells rather than restricted to the fibrous stroma.

In rare instances, however, particularly in cases with extensive and confluent foci
of squamous differentiation, drawing a line between atypical thymoma and welldifferentiated squamous cell carcinoma can become arbitrary. Even in cases without
clear cut foci of keratinization, the sharply delimited cell membranes in atypical
thymoma can impart the tumor with a pavement-like architecture highly reminiscent of
squamous cell carcinoma. Another problem is posed by the existence of tumors in which
well-differentiated squamous cell carcinoma can be seen to arise from preexisting areas
of atypical thymoma. 11
Immunocytochemistry can be of help by showing a
predominance of T-lymphocytes over B-lymphocytes in the lymphoid cell population.
Also, presence of well-developed, dilated perivascular spaces will favor a diagnosis of
atypical thymoma over that of squamous cell carcinoma.

"Take-Home" Message:
•
•
•

Atypical thymoma/WHO 83 thymoma is characterized by sheets of cells
that are larger and more atypical than the other types of thymoma.
They can often display foci of squamous differentiation - not to be
confused with well-differentiated squamous cell carcinoma.
Always think of this tumor in a mediastinal biopsy showing monotonous
sheets of epithelioid cells with sharply defined cells borders, large
hyperchromatic nuclei with prominent nucleoli, and scattered mitotic
figures -look for perivascular spaces!
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Case 5
Clioical History:
A 45 year old man with no significant past medical history was seen for the
development of a palpable right thyroid nodule. A fine needle aspiration showed
"follicular cells consistent with follicular process". A right thyroid lobectomy was done.
Gross Features:
The resected specimen showed a tan-brown, well-circumscribed nodule that
measured 5.0 em in greatest diameter and was surrounded by a thin rim of normal thyroid
parenchyma.
Histologic Features:
Scanning magnification showed a predominantly follicular proliferation sharply
separated from the surrounding thyroid parenchyma and surrounded by a thin fibrous
capsule. The inside of the nodule was composed of dilated thyroid follicles of varying
sizes filled with colloid. The follicles were separated in areas by hyalinized or edematous
coMective tissue stroma The cells lining the follicles were mostly small, round, and
showed round nucle i with dense chromatin pattern and small eccentric nucleoli. Small
fo<:i containing small abortive papillary structures could be identified. Focal areas of
calcification and occasional round, concentric calcific concretions essentially
indistinguishable from psammoma bodies were also present. In a few areas, the cells
lining the follicles adopted a strikingly different appearance characterized by prominent
clearing of the nuclear chromatin with accentuation of the nuclear envelope reminiscent
of so-called "Orphan Annie" nuclei. Closer examination, however, revealed that the
nuclei contained finely scattered chromatin and small eosinophilic nucleoli. Longitudinal
grooves were extremely rare and intranuclear pseudo inclusions could not be identified.
Special Studies:
None.
Diagnosis: THYROID FOLLICULAR ADENOMA WITH PSEUDOCLEAR NUCLEI.
Discussion:
Follicular nodules of the thyroid constitute the most common type of thyroid
pathology examined by surgical pathologists. The vast majority of them represent
hyperplastic nodules or adenomatous hyperplasia of the thyroid. Some cases, however,
can pose significant difficulties for diagnosis.'
The past 20 years have witnessed great progress in our understanding of thyroid
neoplasia. In particular, cytologic criteria for the diagnosis of thyroid tumors have been
refined and expanded. The most notable of these changes has been the switch in
emphasis from architectural growth pattern to the cytological features for the diagnosis of
papillary thyroid carcinoma. 2.3 Whereas in the past a well-developed papillary
architecture was the principal criterion for making this diagnosis, current thinking has
lent more weight to the nuclear features than to architecture. This has resulted in the
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recognition and acceptance of the follicular variant of papillary thyroid carcinoma
(FVPTC) as a distinctive form of papillary thyroid cancer in which the growth pattern is
predominantly or exclusively composed offollicles rather than papillae.4
Although the nuclear features of papillary carcinoma have been well-delineated in
many textbooks and articles on the topic, it is often not appreciated that they can show
some degree of overlap or variability. The characteristic nuclear features of papillary
carcinoma include enlargement, oval shape, elongation and overlapping of nuclei. The
typical description of the nucleus is one characterized by clearing (or disappearance) of
the nuclear chromatin or showing a ground glass appearance. Nuclear infoldings
resulting in longitudinal nuclear grooves and pseudonuclear cytoplasmic inclusions are
also characteristic features of papillary thyroid carcinoma. ) .S
Although the above characteristics are the ones most commonly stressed, in real
practice, a diagnosis of papillary carcinoma is mostly rendered on mid or scanning
magnification by recognizing a constellation of changes that characterize these tumors
rather than by focusing on a single feature. Critical examination of conventional
examples of papillary thyroid carcinoma will demonstrate, for example, that when
viewed under high magnification, there is great variability in the size, shape and nuclear
chromatin content of the nuclei. Many papillary thyroid carcinomas do not show clearing
of the nuclear chromatin at all, and are primarily composed of elongated to oval cells
with very dense, hyperchromatic nuclei, with or without longitudinal nuclear grooves.
The diagnosis in such cases is established because of the typical papillary architecture,
the characteristic stromal changes, infiltrative borders and abundance of psammoma
bodies.
In 1979, Drs. Hapke and Dehner6 presented a study in which they analyzed 100
consecutive cases of thyroid tumors (exclusive of papillary carcinoma) to evaluate clear
nuclear features. In their study, the authors made a distinction between "true" clear
nuclei of papillary carcinoma and what they termed "pseudoclear" nuclei. Clear nuclei
were strictly defined as nuclei showing condensation of nuclear chromatin material at the
periphery with thickening of the nuclear envelope, and in which the central portions of
the nuclei were completely devoid of chromatin material and thus completely empty.

Pseudoclear nuclei were defined as nuc1ei in which strands of nuclear chromatin or
scattered clumps of chromatin or chromocenters could still be identified within the
central portions of the nuclei, and that also lacked the sharp outlining of the nuclear
membranes seen in papillary thyroid carcinoma. The authors noted that ''pseudoclear"
nuclei were very frequently seen in a variety of circumstances ranging from normal
thyroids to diffuse hyperplasia, and were present in 65% of their cases. They concluded
that when the clear nuclei were present as a diffuse change in a thyroid neoplasm it was a
reliable sign of papillary carcinoma, but that when the clear nuclei were only focal, "the
lesion should be evaluated in the overall context of the pathologic process and not
disproportionately weighed in the direction of papillary carcinoma"

In real life, the same range of clearing of the nuclei described by Hapke and
Dehner can be observed in bona-fide examples of thyroid papillary carcinoma as well as
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in several other benign thyroid conditions. A "pseudoclear" nuclear appearance can also
be created or enhanced by changes in the cytoplasm of the cells, such as clearing or
vacuolization of the cytoplasm. Clearing of the nuclei is a frequent occurrence in
entrapped follicular elements in lymphocytic thyroiditis, in particular Hashimoto's
thyroiditis. 7 It is not yet clear whether these may represent a precursor stage of papillary
thyroid carcinoma or whether they are a secondary effect of the underlying autoimmune
process, similar to the induction of oxyphilic changes of the cytoplasm observed in these
cases. The restricted focal nature of the clear nuclear changes, the absence of clear
papillary architecture, and the lack of infiltrative quality and seamless merging with the
surrounding normal thyroid follicular cells facilitate separation of these foci from
papillary carcinoma.
A significant problem arises in well-circumscribed follicular nodules in which
clear nuclear changes are observed only focally or are not yet fully developed. Such
cases represent a "gray zone" about which we currently have very little information.
Opinions are divided among experts as to whether encapsulated follicular nodules
showing incompletely developed or only focal clear nuclear features belong in the
category of the FVPTC or simply represent follicular adenomas with focal degenerative
changes. 1 This lack of agreement was highlighted in a publication that studied observer
variation in the diagnosis of follicular variant of papillary thyroid carcinoma. 8 This study
consisted of a panel ofl 0 expert endocrine pathologists who reviewed 87 examples of
follicular tumors of the thyroid Interobserver agreement between the consultants was
very low, with all I 0 experts agreeing on the diagnosis in only 39% of cases. Diagnostic
opinions ranged from those who diagnosed I00% of the tumors as examples of papillary
thyroid carcinoma, to those who regarded fewer than 46% of the cases as belonging in
that category.
The controversy generated by this topic has continued to ensue in the literature,
with experts on either side. Dr. John Chan in 2002 published his recommendations
explaining his criteria for making a diagnosis of encapsulated FVPTC.9 Dr. Chan
proposed both major and minor criteria for diagnosis (Table I). Application of these
stringent criteri.a, he declared, would ensure avoiding overdiagnosis of FVNC.

oUicles
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The uncertainty involved in the histopathologic diagnosis of such cases has been
addressed by the Chemobyl Pathologists Group, a multinational group of experts headed
by Prof. Dillwyn Williams who were entrusted with reviewing the cases of thyroid
10
tumors resulting from the Chemobyl nuclear accident This panel of experts found that
there was a small number of tumors in their study that were characterized by a wellcircumscribed and encapsulated follicular proliferation without any evidence of vascular
or capsular invasion that displayed focal or questionable nuclear features of papillary
thyroid carcinoma. They observed that since follicular tumors with only capsular
invasion carry an extremely good prognosis, as do encapsulated variant of FVPTC, such
cases should not be subjected to further treatment (i.e., total thyroidectomy + radioactive
iodine) since lobectomy with clear margins was generally curative. They thus proposed
the terminology of " follicular tumor of undetermined malignant potential" for such
cases. 10
The above terminology would seem to be a reasonable alternative to calling all
tumors with equivocal features carcinoma, particularly given the morbidity and
sociaVfinancial consequences. of a diagnosis of carcinoma for the patient. However, this
proposal has not been universally accepted and there are still experts who will diagnose
any tumor with partial, focal, questionable or suggestive features of papillary carcinoma
as cancer. Given the extremely ·indolent behavior of the encapsulated tumors with
equivocal features of papillary carcinoma, it would seem best at this time to err on the
benign side than to subject these patients to unnecessarily morbid treatment, as proposed
by the Chemobyl Pathologists Group.

"Take-Home" Message:
•
•

•

Clear nuclear features in nodules of the thyroid per se and in isolation are
not diagnostic of papillary thyroid carcinoma.
Focal clear nuclear changes can be seen in a variety of ·conditions other
than _papillary carcinoma, including nodular hyperplasia, follicular
adenoma, and Hashimoto's thyroiditis.
The diagnosis of papillary thyroid carcinoma is established based on a
constellation of findings including nuclear features, architecture, and
stromal changes, not on the basis of any single feature.
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Case 6
Clinical History:
A 36 year old woman was seen for a palpable left thyroid nodule. A fine needle
aspiration was interpreted as non-diagnostic. A left thyroid lobectomy was performed.
Gross Features:
The thyroid lobe showed a multinodular red beefy parenchyma with a 3 em.
dominant nodule located in the lower pole. There were no other significant findings.
Pathologic Findings: •
Scanning m agnification showed multiple small, well-circumscribed but
unencapsulated follicular nodules 6howing a predominantly macrofollicular architecture.
On higher magnification the nodules were composed of follicles displaying the same
cytological features as those of the surrounding normal parenchyma. Occasional
infoldi!lgs composed of an accumulation of microfollicles could be seen protruding into
the lumen of dilated follicles (Sanderson's polsters). Some of the nodules were
composed of a well-circumscnbed but unencapsulated papillary proliferation admixed
with scattered follicular structures filled with colloid. The papillary structures showed
complex branching and well-developed fibrovascular cores, and were lined by round cells
with basally oriented nuclei. The cells contained round nuclei with dense nuclear
chromatin and occasional small nucleoli. There was no evidence of clearing 4i..f the
nuclear chromatin, enlargement or elongation of nuclei, longitudinal nuclear grooJes, or
intranuclear pseudoinclusions. No psammoma bodies could be Identified. There was no
evidence of stromal, capsular or vascular invasion.
Special Studies:
None.
Diagnosis: FLORID PAPILLARY HYPERPLASIA IN NODULAR GOITER.

Discussion:
The present example illustrates another pitfall in the diagnosis of thyroid nodules.
Papillary structures observed in thyroid tumors were synonymous for many years with
papillary thyroid carcinoma. Although it is commonly acknowledged that certain benign
processes such as nodular hyperplasia and diffuse hyperplasia of hyperthyroidism can
have small abortive papillary projections, diffuse papillary structures are always a cause
for concern.' Common wisdom dictates that when papillary projections are present in
hyperplastic nodules,. these must be small, facing the lumen, and should not contain welldeveloped fibrovascular cores (i.e., in essence, representing "pseudopapillae''). Florid
papillary hyperplasia with well-developed fibrovascular cores, such as the present
example, can be a significant source of difficulty for rendering a final diagnosis.
Conditions that can present with papillary architecture in the thyroid include:
papillary carcinoma, papillary hyperplasia, benign encapsulated tumors with papillary
architecture, diffuse hyperplasia of hyperthyroidism, oxyphilic (Hurthle cell) tumors,
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medullary carcinoma and dyshonnonogenic goiter. Attention to the overall morphologic
features and clinical setting can facilitate in most instances an accurate diagnosis.
Papillary structures in papillary thyroid carcinoma are typically complex and
branching and contain well-developed tibrovascular cores. 2 The fibrovascular cores can
be edematous or hyalinized. The papillae are lined by cells showing the characteristic
features of papillary thyroid carcinoma and can be of two basic types: l) large, oval, with
elongated hyperchromatic nuclei disposed perpendicular to their base and surrounded by
scant cytoplasm, or 2) large, round to oval nuclei with clearing of the nuclear chromatin
or "ground-glass" nuclei. The spindle, hyperchromatic nuclei can frequently show
infoldings of the nuclear membrane resulting in longitudinal nuclear grooves, and the
round or oval cells with clear chromatin can display intranuclear invaginations of the
cytoplasm resulting in pseudonuclear inclu~ions.
Papillary hyperplasia in nodular goiter is usually a focal event, with small,
abortive papillary-like structures that are most often devoid of well-developed
fibrovascular cores and are seen projecting into the lumen of distended follicles.
However, in some instances, the papillary proliferation can be very florid and extensive
resulting in complex, branching papillae with well-developed fibrovascular cores.
Attention to the nuclear detail of the cells lining the papillae can help resolve the problem.
The nuclei lining the papillae are usually round, basally located and show a dense
chromatin pattern without accentuation of the nuclear membrane with a single prominent
nucleolus. An occasional nuclear groove or pseudonuclear inclusion can be observed in
some cases but are of no significance in the overall context of the lesion (Table 1).

Papillary hyperplasia can occasionally be the predominant finding in thyroid
nodules. In cases in which the papillary structures are not focal but make up the bulk of a
well-circumscribed nodule, such as the present case, they may lead to diagnostic
difficulties. The well-circumscnbed nodule containing the papillary proliferation can be
either encapsulated or non-encapsulated. The encapsulated nodules represent a particular
challenge for diagnosis. Current dogma has determined that there is no such thing as a
papillary adenoma of the thyroid.3 Yet, the literature documents cases in which wellcircumscn'bed papillary proliferations completely surrounded by a well-formed fibrous
capsule have been described.4 Such lesions have been termed ''papillary adenoma", but
•
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their existence and nosology has been disputed.3.s Well-circumscribed nodules that are
unencapsulated, on the other hand, are felt to be a manifestation of nodular hyperplasia,
and could be equally termed "adenomatoid papillary nodules".6 The unencapsulated
papillary nodules can be single or multiple, and are usually associated with features of
common nodular hyperplasia in the rest of the gland. The nuclear features in such cases
correspond to those of normal follicular cells, such as the current case.
Encapsulated tumors composed of a papillary proliferation can fall into 2
categories: true encapsulated papillary carcinomas, and adenomas with papillary
architecture. Although the tenn "papillary adenoma" would be most fitting for the latter,
strong objections have been voiced to the use of this terminology on the grounds that the
papillary structures do not qualify for the designation of papillae because of the absence
of fibrovascular cores?.S Yet, som~ of the cases we have seen and some of the cases
illustrated in the literature display well-formed fibrovascular cores. The terminology
favored by Dr. Rosai for these lesions is that of adenoma with papillary hyperplasia or
hyperplastic papillary adenoma? Encapsulated papillary carcinoma is a term otherwise
reserved for well-circum.scnOed and completely encapsulated tumors displaying the
distinctive nuclear features of papillary thyroid carcinoma. Vickery7 has stated that an
encapsulated thyroid tumor with a papillary architecture is statistically more likely to be a
hyperplastic follicular adenoma than a papillary carcinoma. He recommended that if the
histologic diagnosis is equivocal, a benign interpretation should be favored.
Other conditions that can display prominent papillary architecture in the . i d
include diffuse hyperplasia ofhyperthyroidism, and dyshormonogenetic goiter. In diffuse
hyperplasia of hyperthyroidism (Grave's disease), florid papillary structures 'WI be
observed focally, particularly facing the lumen of cystically dilated cavities. The piiflillae
in these cases are usually lined by columnar follicular cells with basally located
hyperchromatic nuclei that resemble those of the remainder of the gland. The nuclear
features of papillary thyroid carcinoma are not seen. In dyshormonogenetic goiter, a
genetically determined group of lesions resulting from the absence of one of the enzymes
involved in the synthesis of thyroid hormones, in addition to focal papillary structures,
the cell proliferation can be hypercellular and accompanied by large, hyperchromatic
atypical nuclei. However, the absence of the characteristic nuclear features of papillary
carcinoma, the diffuse enlargement of the gland, and the young age of the patient should
be of help in aniving at the correct diagnosis.7
Oxyphilic (Hurthle cell) nodules can also occasionally display a prominent
papillary architecture.8 The papilla are lined by a single layer of cells with either
cuboidal or columnar shape containing abundant granular eosinophilic cytoplasm. The
nuclei are usually small, hyperchromatic, with condensed chromatin pattern and small
nucleoli. These tumors can be completely encapsulated without any evidence of invasion.
The terminology for such tumors remains controversial. They could be viewed as
oncocytic adenomas with papillary hyperplasia, or as oncocytic papillary adenomas. The
noncommittal terminology of encapsulated papmary oncocytic neoplasm has been
proposed by Dr. Rosai for such lesions? These tumors should be distinguished from the
onoooytic variant of papillary thyroid carcinoma, in which cells with prominent oncocytic
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cytoplasmic features display the characteristic nuclear features of papillary thyroid
carcinoma. 9
·
Finally, another condition that must be considered in the differential diagnosis of
thyroid papillary tumors is medullary carcinoma} 0 The papillary variant of medullary
carcinoma is a rare tumor characterized by slender papillae that are lined by neoplastic
parafollicular cells. Immunohistochemical reactivity for calcitonin and chromogranin
helps distinguish these tumors from other papillary processes in the thyroid.

"Take-Home" Message:
•
•

Not all that is papillary in the thyroid necessarily represents papillary
thyroid carcinoma.
Overall architecture, stromal response and nuclear features must be all
weighed in before making a diagnosis of papillary thyroid carcinoma.
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Case7
Clinical History:
A 63 year old woman was seen for epigastric pain and weight loss. Endoscopic
studies and radiographic examination revealed a large mass attached to the wall of her
small bowel. An exploratory laparotomy showed a large, pale tan lobulated soft tissue
mass attached to the bowel wall that measured 8.3 em. in greatest diameter. A segmental
resection was done.
Gross Findings:
The resected specimen consisted of a segment of terminal ileum with attached
tumor mass. The tumor showed a lobulated, smooth and glistening outer surface and was
seen to infiltrate the entire thickness of the bowel wall. Cut section showed a tan white,
lobulated, hemorrhagic homogeneous rubbery tissue with focal areas of necrosis.
Histologic Findings:
Scanning magnification showed a dense, homogeneous cellular proliferation with
areas of hemorrhage and necrosis set against a myxoid stromal background. On higher
magnification, the tumor cell population showed a biphasic appearance, with large,
multinucleated tumor cells scattered against a background population of smaller
mononuclear cells. The large, multinucleated cells varied considerably in size and shape,
and contained numerous (from 6 to 12) nuclei. Many of the cells resembled "floret" cells
' seen in lipomatous tumors. Others had the appearance of "Touton" giant cells, with
multiple small, benign-appearing nuclei circumscribing densely eosinophilic cytoplasm.
A significant number of the giant cells, however, displayed overt cytologic atypia with
large, often bizarre.hyperchromatic nuclei and abnormal mitotic figures. The background
population of mononuclear cells also varied in size from small, round cells with scant
cytoplasm to larger, round to oval cells with hyperchromatic or vesicular nuclei
displaying frequent abnormal mitoses. Some of the mononuclear cells showed focal
spindling of the nuclei.
Special Studies:
Immunohistochemical stains showed strong positivity of the tumor cells for
vimentin, CD34 and bcl-2. CD 117 (c-kiO also showed cytoplasmic positivity in a large
number of the giant cells and in the mononuclear cells in the background. Stains for
cytokeratin AEIIAE3, MOC31,EMA, LCA; SMA, desmin, MyoD I, FVIll-RA, S-100
protein, HMB45, and MDM2 were 1.1nifonnly negative.
Diagnosis: GASTROINTESTINAL STROMAL SARCOMA (GISS)IMALIGNANT
GASTROINTESTINAL STROMAL TUMOR.
Discussion:
The topic of gi!Strointestinal stromal tumors (GIST) has generated considerable
attentio11 in recent years due to the significant dis·covery that they harbor activating
mutations in the KIT receptor tyrosine kinase gene. 1 This has led to the successful
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application of targeted therapy for these patients using the c-kit inhibitor imatinib
(Gleevec)? A significant amount of literature has been generated over the past few years
regarding GIST, its treatment, diagnosis and defining criteria.
The present case is unusual in its morphology because of the presence of a
significant multinucleated giant cell component. The histologic spectrum that GIST ca:n
assume can be quite variable.3•4 In addition to the conventional spindle and epithelioid
cell morphology, GIST can assume a large number of other unusual appearances,
includinj tumors with rhabdoid, clear cell, plasmacytoid, signet-ring and granular cell
features . .s GIST with multinucleated giant cells are extremely rare.
We reported the first three examples of tumors with prominent multinucleated
cells in a study of myxoid GIST.6 . Although the study was published prior to the
availability of the immunohistochemical markers currently used for the diagnosis of
GIST, the clinicopathologic features of the tumors, gross appearance and behavior
conformed to the diagnosis of GIST. Additional cases collected since then that have
displayed identical morphologic features have all show the appropriate immunostaining
pattern consistent with GIST. A more recent study utilizing molecular mutational
analysis found that tumors with multinucleated giant cells often correlated with PDGFRA
mutations? Although the majority of GIST with floret-type multinucleated cells belong
in the conventional, low-grade category of GIST, we have seen two cases (including the
present one) that were characterized by striking cytologic atypia and overt cytologic
features of malignancy in the multinucleated tumor cell component, thus qualifying for a
diagnosis of gastrointestinal stromal sarcoma (GISS). 3
Criteria for the diagnosis of GIST have continued to evolve in recent years. The
demonstration of c-kit expression in the majority of GIST by immunohistochemical
methods initially led to this tumor being diagnostically defined by its positivity for c-kit
antibodies. 8 However, some of the problems associated with this approach have included
the increasing recognition of c-kit negative stromal tumors and kit-positivity in nonGIST.4 It has been estimated that up to 10% of gastric GIST and 2% of intestinal GIST
can be KIT-negative. 4 It has also been recently demonstrated that some of the kitnegilti.ve ~astric ~ors. ex~bit PDGFRA (platelet-.derived .growth ~actor r~eptor)
mutations.
The identification of PDGFRA mutation by mununohistochetrucal or
molecular means could thus·be of aid in the diagnosis of c-KIT-negative tumors in certain
cases.
Another problem involved in the evaluation of GIST lies in the interpretation of
CD117 immunostains. In general, CD117 immunostaining in GIST should be strongly
and diffusely positive. The staining can be cytoplasmic, membranous, or present as dotlike perinuclear positivity in some cases. The intensity of staining for CD I 17, however,
can vary in different areas of the same tumor, or may be quite weak and focal in otheJ;S.
CD 117 positivity was required in the protocols for the inclusion of patients in early trials
of imatinib. However, some caveats have been raised about this marker. First, the
CD117 antibody must be properly titered to avoid overstaining of tissues and
overdiagnosis of GIST. Secondly, the intensity ofCD117 staining can be quite variable
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and no standard criteria have been adopted yet to de~rmine c~offs or minimal
intensity/degree of staining that is acceptable as a positive stain. Third, staining intensity
does not predict response to treatment with imatinib, and fourth, other non-GIST tumors
~~~b~~~
.
For many of the above reasons, Fletcher10 has recently recommended that KIT
immunoreactivity should no longer be used as an absolute requirement for diagnosis of
GIST, and that lack of expression should not be used as grounds for denying patients
kinase inhibitor therapy. The recently published update of the National Comprehensive
Cancer Network (NCCN) taskforce on clinical practice guidelines for patients with
gastrointestinal stromal tumors has recommended that suspected cases of Kit-negative
GIST be referred to pathologists with experience in this area. 11 Factors that need to be
considered in making this diagnosi~ include the location and morphology of the tumor,
detailed clinical history and imaging studies to rule out other possible sources, results of
other immunohistochemical stains, and, increasingly, the use of mutational analysis for
the KIT and PDGFRA genes.
Mutation status can be determined only through molecular analysis. About I 015% of GIST are negative for KIT and PDGFRA gene mutations; these tumors are often
referred to as "wild-type" GIST. Tumors with mutations in exon ll of the KIT gene are
associated with a worse outcome than tumors with other KIT or PDGRFA mutations. 12
Tumors exhibiting exon 9 KIT mutation arise predominant1y in the smaU bowel and
colon and appear to be clinically more aggressive than tumors with exon ll mutations. 13
Tumors with PDGFRA mutations are less aggressive than those with KIT mutations. 14
Kinase genotyping also has predictive significance with regard to response to imatinib
therapy. The presence of exon 11 KIT mutation was the single best predictor of a
favorable response to imatinib in several studies. Currently, mutational analysis is
recommended for patients with unresectable or metastatic disease prior to initiation of
therapy with imatinib. 11
Other stains that are commonly expressed in GIST include vimentin, CD34 and
bcl-2. Vimentin is a ubiquitous intermediate filament with wide distribution in human
tumors and therefore is of very limited value for diagnosis. From 60 to 70% of GIST,
however, will stain with CD34, and from 60 to 90% of cases will show strong positivity
for the oncogen~ bcl-2. 12 The addition of these two markers can therefore be of help
when evaluating unusual morphologic variants ofthese tumors. They are also helpful in
cases of KIT-negati:ve GIST, in which strong positivity with these two markers in a tumor
with otherwise typical features of GIST ~ help establish the diagnosis. The use of a
panel of markers is always recommended when dealing \Vith unusual or high-grade
variants of stromal tumors to make sure that other cell lineages are excluded. New
immunohistochemical markers thal are bein~ explored for the diagnosis of GIST include
protein kinase theta, PDGFRA and DOG-I. 1 Additional studies are necessary, however,
to asses their ultimate role in the diagnosis of these tumors.
The differential diagnosis for these tumors includes other neoplasms that can
involve the wall of the small bowel and display marked nuclear pleomorphism and
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multinucleated giant cells. In the present case, the combination of floret and Touton-type
giant cells surrounded by a small round cell population against a myxoid background
raised the possibility of pleomorphic liposarcoma. Liposarcomas of the abdominal cavity,
particularly arising in the omentum or the wall of the intestine are extremely rare. The
absence of well-differentiated areas of liposarcoma admixed with the tumor, lack of
atypical lipoblasts, and the negative staining for mdm-2 in our case were all features
against the diagnosis of liposarcoma. Additionally, the focal strong positivity for CD34,
bcl-2 and c-kit all supported the diagnosis of a gastrointestinal stromal tumor.
Pleomorphic malignant fibrous histiocytoma (pleomorphic high grade sarcoma) is
another condition that should enter in 1he differential diagnosis. This diagnosis becomes
one of exclusion in this setting. Such tumors have been described in a wide variety of
anatomic settings, although the most favored sites are in the soft tissue of the extremities.
Although high grade pleomorphic sarcomas are capable of aberrantly expressing a wide
variety of immunohistochemical markers, the concurrence of three markers that are
closely associated with GlST to the exclusion of other markers in the present case makes
a strong argument in favor of the latter diagnosis.
Other tumors that could also more remotely enter in the differential diagnosis
include metastases of malignant melanoma and anaplastic carcinoma. Nuclear
pleomorphism, malignant giant cells and myxoid stromal background are all features that
can be displayed by metastatic melanoma; however, melanoma-associated markers such
as S-1 00 protein and HMB45 should be expected to show at least focal positivity in the
tumor cells. The lack of keratin staining and reactivity for other epithelium-associated
markers (such as MOC31 and EMA) helped rule out the possibility of an anaplastic
carcinoma in our case. Rare multilobated large 8-cell lymphomas have been described in
the literature but such tumors usually show a more dense population of cells devoid of a
myxoid stroma
"Take-H ome" Message:
•

Multinucleated pleomorphic, floret-type, or Toulon giant cells can be a
prominent component of gastrointestinal stromal tumors.
• C-kit immunoreactivity is no longer considered an absolute criterion for
diagnosis - a small percentage of GIST can be negative for c-kit
immunostaining.
• We still haven't heard the last on GIST histogenesis, diagnosis,
immunohistochemistry or treatment - prepare for changes in future
seminars!
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CaseS
Clinical History:
A 51 year old man was seen for right flank pain. An intravenous pyelogram and
abdominal ultrasound revealed a mass in the right lower pole of the kidney. A right
nephrectomy was performed. There was no evidence of tumor elsewhere on thorough
clinical and radiographic evaluation.
Gross Features:
The.resected specimen showed a well-circumscribed mass in the lower pole of the
right kidney that did not appear to infiltrate the capsule or perinephric fat. The mass
measured 17 em. in greatest diameter and showed extensive areas of hemorrhage and
necrosis. The viable portions of the tumor at the periphery showed a soft and friable tan
gray homogeneous cut surfuce. The·tumor did not involve the renal pelvis or renal vein.
Histologic Findings:
The tumor was composed of tightly packed parallel arrays of small tubules with
collapsed, elongated lumens that were lined by small cuboidal to oval epithelial cells with
round to oval nuclei showing nuclear irregularities and small eosinophilic nucleoli. The
nuclei were surrounded by a scant rim of lightly eosinophilic granular cytoplasm with
indistinct cell borders. The stroma surrounding the tubules focally showed deposition of
pale mucinous or myxoid material. In areas, the tumor cells appeared confluent and
adopted a spindle-shaped configuration. Inflammatory cells could be seen scattered in
the stroma but there was no evidence of pleomorphism, atypia or mitotic activity. The
central portions of the tumor showed extensive hemorrhage and necrosis.
Special Studies:
Immunohistochemical stains showed strong positivity of the tumor cells for
vimentin and cytokeratin AE11AE3. Some of the cells showed focal positivity for CK7,
Ulex europaeus and EMA. Stains for renal cell carcinoma antigen, CDIO, CD15, and ckit (CD 117) were negative. The intercellular matrix showed focal positivity with Alcian
blue that was not abolished with hyaluronidase.
Diagnosis: MUCINOUS TUBULAR AND SPINDLE CELL CARCINOMA.
Discussion:
This case is an example of another field that has experienced unprecedented
growth in recent years, that of renal neoplasia. The last I 0-15 years has seen a significant
increase in the number of new, previously undescribed or poody understood renal
neoplasms. In fact, the new WHO classification of renal cell tumors lists a total of 12
types, several more than in previous classifications. 1 The very fact that there is still an
"unclassified" category is a clear indication that we have not yet heard the end of this tale.
Mucinous tubular and spindle cell carcinoma is a peculiar and rare variant of renal
cell carcinoma that is most commonly associated with a good prognosis and low-grade
malignant behavior. The first series on these tumors was presented in abstract form at the
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United States and Canadian Academy of Pathology meeting in 1999 by Srigley and
colleagues.2 It was subsequently adopted by the WHO as a distinct form of renal cell
carcinoma. 1 The tumors can present over a broad age range but are most common in
middle aged adults with a marked female predilection. Some tumors may show a strong
association with nephrolithiasis.3 The majority of tumors are asymptomatic but they may
occasionally present with flank pain or hematuria. The tumors are characterized by gross
circumscription and lack of infiltration into SlllTOunding·structures. They generally have
an indole1;1t behavior, with metastases seen only in exceptional instances.
The histologic features of mucinous tubular and spindle cell carcinoma can be
quite variable. The classical picture is that of a tumor composed of tightly packed,
elongated tubules lined by small, cuboidal to spindled cells with low nuclear grade, with
areas of spindling that may resemble a smooth muscle tumor, and with areas displaying
prominent mucinous stromal matrix. However, variations on this theme characterized by
tumors in which one or the other component predominates (i.e, spindle vs. tubular areas)
are also frequently encountered. Other unusual features that have also been described
and can pose difficulties for diagnosis include "mucin-poor" tumors, focal collections of
foamy macrophages, focal small papillary areas, focal clear cells in the tubules, focal
oncocytic tubules, heterotopic bone formation and psammoma bodies. 3 Extensive areas
of necrosis, such as in the present case, has also been previously documented in some
examples.
·
Mucinous tubular and spindle cell carcinoma needs to be distinguished from other
. rare types of renal neoplasms. In the past, these tumors were frequently mistaken for
spindle cell sarcomas or sarcomatoid renal cell carcinoma due to the prominent spindling
of the tumor cells. Predominantly spindled examples of mucinous tubular and spindle
cell carcinoma may closely simulate a spindle cell neoplasm such as leiomyoma,
angiomyolipoma or spindle cell sarcoma.. Immunohistochemical stains help to
distinguish leiomyomas and angiomyolipomas from the former. Sarcomatoid renal cell
carcinoma·is characterized by more atypical spindle cells with marked nuclear atypia and
mitotic activity, unlike the bland appearance of the cells in mucinous tubular and spindle
cell carcinoma.

Mucinous tubular and spindle cell carcinoma with a predominant tubular pattern
must also be distinguished from collecting duct carcinoma. The latter are highly
aggressive renal ·neoplasms that are often infiltrative and necrotic with infiltration of
perirenal fat and renal vein. They are histologically characterized by a tubular or
tubulopapillary growth pattern in which irregular glands infiltrate the renal parenchyma
eliciting a prominent desmoplastic stromal response. 1 Small papillary infoldings and
microcystic changes can be observed. Solid, cord-like patterns and sarcomatoid features
can also be encountered. The cells lining the ducts are usually ~fhigh nuclear grade. By
immunohistochemistry the tumors react with various types of cytokeratin and vimentin
and are characteristically positive. for Ulex europaeus lectin. The absence of stromal
desmoplasia, infiltrative growth pattern and high nuclear grade separate these tumors
from mucinous tubular and spindle cell carcinoma.
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Another important differential diagnosis for these tumors is with papillary renal
cell carcinoma. The latter are described as renal neoplasms characterized by the
formation of papillary structures and tubules in varying proportions.' Signs and
symptoms are similar to clear cell renal cell carcinoma and their biologic behavior
appears to be also the same. Two morphologic types have been described: Type I tumors
are characterized by papillary structures lined by a single layer of small basophilic cells
with scanty cytoplasm and low-grade nuclei, and type II tumors are characterized by
papillary cores containing pseudostratified nuclei of higher grade. 5 Spindle cell
sarcomatoid transformation has been observed in up to 5% of cases in both types.
Aggregates of foamy macrophages are a common finding. A solid variant of these
tumors has also been described that is characterized by a proliferation of tubules or short
papillae. 6 The latter variant is most commonly associated with the type I tumors and can
closely resemble mucinous tubular and spindle cell carcinoma due to the shared presence
of sharp circumscription, compact tubular architecture, focal papillations, foam cells and
spindle cell morphology.
Immunohistochemical markers have been increasingly utilized in recent years to
better characterize these neoplasms. 7 In general, there seems to be great overlap with
other types of Tenal cell carcinoma. In a recent study, a-methylalcyl-CoA racemase
(AMACAR or P504S), a marker previously thought to be specific for papillary renal cell
carcinoma, was also found to be consistently expressed in mucinous tubular and spindle
cell carcinoma.8 Another recent study has proposed that mucinous tubular and spindle
cell carcinoma may represent a variant of papillary renal cell carcinoma with spindle cell
features on the basis of a shared antigenic profile suggestive of proximal tubular
differentiation.9 A comparison of the immunostaining patterns between mucinous tubular
and spindle cell carcinoma and other kidney tumors is presented in Table I.
Table I: ImmunohistochemiCil! Profile in Renal CeO Carcinomas•
Tumor Type
Mucinous tubular
and spindle cell
carcinoma
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Sarcomatoid renal
cell carcinoma
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N/A
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N/A

N/A

Distinction of mucinous tubular and spindle cell carcinoma from collecting duct
carcinoma is best accomplished on morphology, since all other immunohistochemical
markers seems to show significant overlap between the two. Sarcomatoid renal cell
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carcinoma has not been extensively studied with some of the newer markers such as
AMACAR and is therefore also heavily dependent on morphologic distinction. Vimentin,
however, appears to be more consistently and strongly expressed in the former tumor.
Distinction between mucinous tubular and spindle cell carcinoma and papillary renal cell
carcinoma is also hindered by the great overlap in staining patterns. The only
discriminating marker between the two appears to be CDlO, which has been found to be
expressed in 80% of papillary renal cell carcinomas as opposed to 15% of mucinous
tubular and spindle cell carcinoma. 8
Molecular genetic studies have also been employed in recent years to characterize
these tumors. Mucinous tubular and papillary carcinomas have shown losses involving
1
chromosomes I, 4, 6, 8, 13 and 14 and gains of chromosome 7, 11, 16 and 17. Papillary
renal cell carcinoma on the other hand are characterized by trisomy 7, trisomy 17 and loss
of chromosome Y, as well as gains in cl;lromosome 7p and l7p. One study found
multiple numerical chromosome aberrations but no clear-cut karyotypic abnormalities in
these tumors. 10 Another recent study found that renal mucinous tubular and spindle cell
carcinomas lacked the gains of chromosomes 7 and 17 and losses of chromosome Y that
are typical of papillary renal cell carcinoma, and suggested that analysis with centromeric
probes using fluorescent in-situ hybridization (FISH) may be a reliable way to distinguish
11
mucinous tubular and spindle cell carcinoma from papillary renal cell carcinoma.

"Take-Home" Message:
•

•
•

Mucinous tubular and spindle cell carcinoma is a rare low-grade variant
of renal carcinoma that may be confused for sarcomatoid carcinoma,
collecting duct carcinoma or the solid variant of papillary renal cell
carcinoma.
Distinction from the solid variant of papillary renal cell carcinoma may
be often difficult and sometimes arbitrary.
We may not be yet at the end of the line of renal cell carcinoma
reclassification- be ready for new variants in future seminars!
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Case9
Clinical History:
An 82 year old man was seen for right flank plli.n and progressive weight loss.
Radiographic studies revealed a right renal mass. There was no evidence of tumor
elsewhere. A right nephrectomy was performed.
Gross Features:
Examination of the resected specimen showed a well-circumscribed yellowbrown mass 4.5 em in greatest diameter located in the lower pole of the kidney. The
mass showed focal areas of hemorrhage and necrosis but did not show any evidence of
invasion of the renal vein or infiltration through the renal capsule or renal pelvis.
Histologic Findings:
On scanning magnification the tumor was composed of a monotonous population
of large epithelioid cells with extensive areas of hemorrhage and necrosis. Confluent
blood lakes with pooling of red blood cells within distended vascular spaces were a
common finding. On higher magnification, the tumor cell population consisted of sheets
of large round to polygonal tumor cells with abundant granular eosinophilic cytoplasm.
The tumor cells showed enlarged and irregular nuclei with prominent eosinophilic
nucleoli and occasional intranuclear cytoplasmic inclusions (Furhman grade IT-ill). In
some areas the tumor cells adopted a nested growth pattern and seemed to merge with
cells displaying conventional clear cell features of renal cell carcinoma. Papillary
formations were not identified. Small clusters of smaller, spindly cells with whorling
effect could also be identified.
Special Studies:
Iirununohistochemical stains showed positivity of the tumor cells for cytokeratin
AEI/AE3 and vimentin and focal positivity for CDIO. Stains for CK7, MOC31, and
CD 117 were negative. Histochemical stains for colloidal iron 'vith digestion were also
negative.
Electron microscopy was performed from fresh tissue fixed in glutaraldehyde.
Thin sections showed large tumor cells with abundant cytoplasm. The cytoplasm of the
cells was filled with large numbers of mitochondria. Many mitochondria showed
flocculent densities. In occasional cells, central clearing was noted with intracytoplasmic
lipid droplets. Obvious glycogen was not identified; however, preservation was not
optimal.

Diagnosis: RENAL CELL CARCINOMA WITH GRANULAR CELLS.
Discussion:
The present case illustrates another pitfall in the diagnosis of renal <:ell neoplasms.
Renal cell tumors characterized by cells with abundant granular eosinophilic cytoplasm
form a complex gro~p of lesions that can display significant-mol'phologic overlap and be
the source of major difficulties for diagnosis. Three major types of tumors .in the kidney
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can be characterized by displaying oncocytic features: renal cell carcinoma with granular
cells (formerly known as granular cell renal cell carcinoma), the eosinophilic variant of
chromophobe renal cell carcinoma, and renal oncocytoma. In addition to these, a fourth
tumor occurring in children and young adults with gnmular cells has also been recently
delineated that is characterized by a specific chromosomal translocation, t(6;11).
Because all these tumors are associated with specific clinical behavior and different
treatment modalities, correct and specific diagnosis is of importance.
Unfortunately, many of these tumors can often show overlapping features making
correct distinction nearly impossible. In previous years, renal cell carcinoma was often
divided into granular cell and clear cell types based on the presence or absence of
eosinophilic granular cytoplasm in the tumor cells. Despite its exclusion from the current
classification scheme of renal cell neoplasms, the term "granular cell renal cell
carcinoma" is still widely used. In.a histopathological study by Yang et al2 of 58 cases of
renal tumors previously diagnosed as "granular cell" renal cell carcinoma, the authors
were able to reclassify half of the cases based on current criteria as examples of
chromophobe renal cell carcinoma, papillary renal cell carcinoma, oncocytoma and
angiomyolipoma. The remaining 50% still had to be classified as the granular cell
variant of renal cell carcinoma. A molecular gene expression profile on 6 of those tumors
showed that 4 had the expression pattern of clear cell renal cell carcinoma, one showed
the expression pattern of chromophobe renal cell carcinoma, and one had to be
reclassified as an unusual. intrarena! paraganglioma. 2
The most difficult differential diagnosis for these tumors is with renal
oncocytoma. Renal oncocytoma is currently defined as a benign renal neoplasm
composed of large cells with mitochondria-rich eosinophilic cytoplasm.3 Histologically
they are characterized by compact nests, acini, tubules or rnicrocysts. The predominant
cell type is round to polygonal with densely granular eosinophilic cytoplasm, small round
nuclei with evenly dispersed chromatin, and centrally placed nucleoli. Rare clusters of
cells with large hyperchromatic nuclei may also occasionally be present. Mitoses are
extremely rare or absent. Oncocytomas are characterized by immunohistochemical
reactivity for pan-cytokeratin and negative staining for vimentin and CK7 (Table I).
Recent studies have also demonstrated C-kit positivity in these tumors.4 At the
ultrastructural level the tumor cells contain numerous mitochondria and are devoid of
cytoplasmic microvesicles, the latter being the characteristic features of chromophobe
renal cell carcinoma. Genetic studies have shown. a mixed population of cells with
normal and abnormal karyotypes. In a few cases, a translocation t(5;ll) has been
demonstrated.
Chromophobe renal cell carcinoma is a renal neoplasm characterized by wellcircumscribed tumors with a brown-tan cut surface that are composed of a population of
large, polygonal cells with sharp cell membranes and clear to amphophilic cytoplasm.3
The eosinophilic variant of chromophobe renal cell carcinoma is characterized by cells
that contain abundant granular, eosinophilic cytoplasm. 5 The nuclei of the cells is round
to oval, with dense chromatin pattern and small nucleoli, and the cell membranes are
often wrinkled res.ulting in a raisin-like appearance ("raisinoid" nuclei). Perinuclear
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cytoplasmic halos and binucleation are a frequent finding. Sarcomatoid transformation
has also been described in these tumors.6 Hybrid forms between renal oncocytoma and
chromophobe renal cell carcinoma have also been demonstrated. 7 A distinctive feature
described for these tumors is strong cytoplasmic staining with colloidal iron.
Immunohistochemical stains in chromophobe carcinomas show positive staining of tumor
cells for pan-cytokeratin, CK7 and C-kit (CD117). 8 Notably, vimentin and COlO are
largely negative (Table I). At the ultrastructural level, the cytoplasm is filled with
glycogen and numerous microvesicles that resemble those of the intercalated cells of the
cortical collecting duct.3 At the genetic level, they are characterized by extensive
chromosomal losses involving chromosomes I, 2, 6, 10, 13, 17 and 21. Mutations of the
p53 tumor suppressor gene have been demonstrated in 27% of these tumors.9
At the light microscopic level, granular or oncocytic renal cell carcinoma can be
distinguished from renal oncocytoma ·because of the high nuclear grade of the tumor cells.
Although foci of cells with high nuclear grade can be seen in oncocytoma, it should not
be as widespread as in renal cell carcinoma. Oncocytoma also has a tendency to always
display, at least focally, a distinctive small nested growth pattern. Granular renal cell
carcinoma, in contrast, will always show the characteristic blood lakes of renal cell
carcinoma which are not a feature seen in oncocytoma. Chromophobe carcinoma will be
distinguished from granular renal cell carcinoma due to the sharply deLineated cell
membranes, perinuclear halos, "raisinoid" nuclei and binucleation. Chromophobe
carcinoma may occasionally show high nuclear grade and can also be associated with
sarcomatoid transformation as in conventional renal cell carcinoma. Some degree of
. overlap between the two conditions can occur. Histochemical stains for colloidal iron,
and immunohistochemical stains may be of help in such instances. Ultrastructural
examination may also be of aid in separating the two (Table 1).

Table I: DifferentW Dillgnosis ofRenal Granular Renal Cell Neoplasms.

Histology

High nuclear gnule
Large blood lakes

Low nuclear grade

Small nesting pattern

t~Raisinold" nuclei

Immunohistochemical staining may show some degree of overlap in these tumors
that will mirror the morphologic overlap observed under light microscopy. It appears that
a combination of vimentin-positive and c-kit-negative results can help separate granular
renal cell carcinoma from oncocytoma and chromophobe carcinoma. Positivity of the
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tumor cells for CK7 should favor a diagnosis of chromophobe carcinoma, particularly if
the staining is diffuse and with a distinctive membrane accentuation. 10 Renal
oncocytoma, in contrast, will only show focal staining in a few scattered cells without the
peripheral accentuation seen in chromophobe carcinoma. A caveat for the interpretation
of immunoperoxidase stains in these tumors is that tissues rich in mitochondria contain
increased levels of endogenous biotin which may result in high background staining.
Care must be taken to perform appropriate blocking of endogenous peroxidase when
evaluating such cases. 10
Another condition that must be included in the differential diagnosis of renal
tumors with granular cells is renal carcinoma associated with Xp 11.2
11 12
translocations/TFE3 gene fusions. • These tumors predominantly affect children and
young adults, although some cases hav& been reported in older patients. The most
distinctive histologic feature is a papillary growth pattern with clear celts, but they pan
also have a nested growth pattern composed of large cells with abundant granular
cytoplasm. Psammoma bodies are frequently present and are ~ distinctive feature; they
are usually numerous. The most distinctive immunohistochemical feature for these
tumors is nuclear staining for the transcription factor TFB3. 12 The tumors are also
positive for CD I0 and the renal cell carcinoma antigen, and about SO% stain for pancytokeratin and BMA These tumors are defined by several different genetic
translocations involving chromosome Xp 11.2, all resulting in gene fusions involving the
TFE3 gene. Such tumors should be considered when dealing with renal tumors in
children and young adults, and either immunostaining for TFB3 or molecular genetic
studies should be undertaken.

"Take-Home" Message:
•
•

•

Granular eosinophilic renal cell neoplasms may show conside.r able overlap
in morphologic features and cause great difficulties for diagnosis.
A combination of morphologic features, immunohistochemistry, electron
microscopy and cytogenetics may be needed for proper classification in
some cases.
Not everything that is "oncocytic" is an oncocytoma in the kidney.
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Case 10
Clinical History:
A 59 year old woman with .no significant medical past history was seen for
hemothorax resulting fi:om a car accident. A splenic mass was identified incidentally on
routine clinical and radiographic examination. A splenectomy was performed.
Gross Features:
The resected spleen weighed 324 gr. and measured 14 x 11 x 5.5 em. Cut section
showed an 8 x 7 x 5 em, well-circumscribed, tan-pink, rubbery mass with areas of
hemorrhage and necrosis.

H istologic Findin gs:
Scanning magnification showed a well-circwnscribed area showing Joss of the
normal corticomedullary architecture. This area contained a mixed population of cells
composed of small lymphocytes, histiocytes and plasma cells admixed with a
collagenized spindle cell stroma. The areas of collagenization varied from field to field
and went from subtle with focal deposition of strands of acellular collagen to confluent
with extensive areas of perivascular coilagenization and sclerosis. The· central portion of
the mass showed extensive areas of necrosis and degeneration. Closer scrutiny of the
spindle cell areas showed fibroblast-like cells with oval to spindled nuclei, fine chromatin
pattern and occasional small nucleoli. No nuclear pleomorphism, abnormal cells or
mitoses could be identified. The surrounding normal splenic parenchyma showed mild
congestion but was otherwise within normal limits.
Special Studies:
Histochemical stains for organisms, including acid-fast, gram, PAS and GMS
were negative. hnmunohistochemical stains showed positive staining of the spindle cells
with vimentin, CD21 and CD35. A few scattered S-100 protein positive and SMA
positive spindle cells were also seen. Stains for desmin, cytokeratin AE1/AE3, CD34,
bcl-2 and H-caldesmon were negative. CD20 and CD45 stains were positive in the
lymphoid cells. Immunohistochemical stains for kappa and lambda showed a polyclonal
plasma cell population. Stains for CD15 and CD30 were negative. CD68 highlighted a
few scattered histiocytes. An immunohistochemical stain for ALK-1 was negative.
Immunohistochemical stains for CMV and EBV were negative.
Tests for TCR beta and lgH gene (V-D-J) rearrangement by PCR technique were
negative for clonality. A DNA-in-situ hybridization study for Epstein-Barr virus (EBER)
showed very strong nuclear positivity in a large number of cells within the lesion.
Diagnosis: INFLAMMATORY PSEUDOTUMOR-LlKE DENDRITIC CELL TUMOR.
Discussion:
This case is llllOther example of how concepts have changed at a rapid pace over
the past few years providing us with a new perspective into old problems·.
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Dendritic cell neoplasms are a heterogeneous group of lesions composed of cells
belonging to the category of "immune accessory cells" that are present in lymphoid and
nan-lymphoid organs. 1 These cells serve a function as antigen-presenting and antigenprocessing cells in lymphoid tissues, and include follicular dendritic cells, interdigitating
dendritic cells, histiocytes and Langerhans cells. Dendritic cells are antigen-presenting
cells which are involved in B cell and T cell-mediated immune responses. Dendritic
follicular cells are located in B-zones and characterized by desmosomes without
tonofilaments at the ultrastructural level, and by their immunoreactivity for CD21, CD35,
Ki-MP4 and Ki-FDRC I p. Dendritic interdigitating cells are involved in T-cell mediated
immune responses and are characterized by their location in T-zones of lymphoid organs,
and by prominent nuclear membrane irregularities, complex interdigitating cell
prolongations with cell junctions, and iinmunoreactivity for S-100 protein, COlla, CD18
and Casein.
Two types of dendritic cell tumors have been categorized: 1) follicular dendritic
cell tumor (FDCT)/sarcom11, and 2) interdigitating dendritic cell tumor (IDCT)/sarcoma.
Follicular dendritic cell tumor/sarcoma (also known as dendritic reticulum cell sarcoma)
is a neoplastic proliferation characterized by a spindle to ovoid cell population that forms
fascicles, meningothelial-like whorls, or exhibits a storiform pattern of growth.2·3 The
cells contain oval, vesicular nuclei with finely dispersed chromatin and small
inconspicuous nucleoli and are surrounded by an ample rim of lightly eosinophilic
cytoplasm with indistinct cell borders. Warthin-Finkeldy type multinucleated giant cells
can also be seen. Another common feature is the presence of pseudonuclear cytoplasmic
inclusions. Mitotic activity is almost always present and may vary from low to 10
mitoses per I 0 HPF. A constant feature of these tumors is the intimate admixture of
small lymphocytes and plasma cells with the spindle tumor cells throughout the lesion.
Entrapped lymphoid follicles with germinal centers can also be seen.
The diagnosis of follicular dendritic cell tumor/sarcoma is made through a
combination of histologic, immunohistochemical and ultrastructural features (Table 1).
The tumor cells usually react with normal follicular dendritic cell markers such as CD21,
CD23 and CD35, and are also positive for vimentio, desmoplakin and fascin.3.4 The
tumor ceils can sometimes be positive for S-100 protein, actin, CD20 and CD45.

Electron microscopic examination shows elongated nuclei with cytoplasmic
invaginations. The most distinctive feature is that of long, slender· cytoplasmic processes
that are often joined by mature desmosomes without tonofilaments. The tumors most
often involve lymph nodes but e:dranodal presentation is not uncommon. FDCT can also
occur in association with Castleman's diseaSe of the hyaline vascular type. 5 The clinical
behavior of these tumors is akin to that of a low-grade sarcoma, with local recurrences in
about 40% of cases and distant hematogenous metastases in about 25% of patients.
Cases presenting as an intraabdominal tumor, with significant cytologic atypia, large
tumor si;te (>6 em), and necrosis have a poorer prognosis.
Interdigitating dendritic cell tumor/sarcoma is much rarer and more difficult to
characterize (Table 1). These tumors have a similar clinical distribution and presentation
as FDCT w;~d are characterized by a very similar cellular proliferation that form fascicles,
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whorls and storiform pattems.6•7 The tumor cells can sometime adopt a round, epithelioid
appearance. Cytologic atypia may vary from case to case and mitotic activity is generally
low (<5 per I 0 HPF). The tumor cells consistently express S-1 00 protein and vimentin
but are negative for the more common follicular dendritic cell markers CD21 and CD35,
and for EMA, cytokeratin, CD20, CD30, CD34, CD45RO and myeloperoxidase.6•8 A
distinctive feature is that the admixed lymphoid cell infiltrate in the tumor is almost
always ofT-cell lineage with very scah~ presence of B cells. By electron microscopy the
neoplastic cells show complex interdigitating cell processes without any cell junctions.
The clinical behavior can vary from a very low-grade indolent tumor to very aggressive
disease with widespread metastases. 6
Inflammatory pseudolumor (a.k.a. plasma cell granuloma) is a condition of
unknown etiology that may present in. any organ or location in response to an
undetermined stimulus. The tumors corrunonly arise at sites containing lymphoid tissue;
such as the lymph nodes and spleen, but are also ~::ommonly described in the lung, and
less frequently in soft tissue, liver, larynx, prostate and other locationsY>·ll More recent
studies have identified a prominent myofibroblastic component in the spindle cell
proliferation that accompanies this frocess, prompting a change in terminology to
inflammatory myofibroblastic !umor. 1 The exact nature of this condition is still a subject
of debate and some people think it may represent a neoplastic proliferation due to
presence of occasional clonal chromosomal changes involving the ALK gene,
particularly in children and young adults. 12
Inflammatory pseudotumor of the spleen is usually asymptomatic and presents as
an incidental finding. The lesions are usually single, well-circumscribed and can measure
up to 12-cm. in greatest diameter. Cut section shows a firm, tan white surface with areas
of hemorrhage or necrosis. 13 The histological features are very similar to those of
inflammatory pseudotumor at other locations (Table I).
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Immunohistochemical and molecular genetic studies have suggested that
inflammatory pseudotumor of the spleen and liver differ from those at other sites. These
studies have found that up to two thirds of splenic tumors show evidence of Epstein-Barr
virus in the spindle cells and Southern blot studies have demonstrated that the virus DNA
is monoclona1. 14 An increased number of follicular dendritic ceUs have also been
identified in these cases. A study by Cheuk et al described 9 patients in which a
significant follicular dendritic cell component was identified; the authors introduced the
term "inflammatory pseudotumor-like dendritic cell tumor" for this condition. 15 Three
out of 9 patients in that study developed recurrences. It thus appears that the emergence
of a dendritic cell component may have imparted the lesion with a more aggressive
biologic behavior, unlike conventional inflammatory pseudotumor that usually behaves
as an indolent and self-limiting pr~cess.
The present case illustrates how progress in our understanding of one condition
may potentiate our ability to understand other related processes. The close association
between inflammatory pseudotumor of the spleen with the emergence of a potentially
aggressive dendritic cell clonal expansion highlights the Iole that immune accessory cells
may have both in the immunologic reaction to inflammation as well as in neoplasia.
Further, the role of Epstein-Barr virus as a possible promoter of oncogenesis is
highlighted by these cases.
The differential diagnosis for this condition in the spleen includes splenic
hamartoma, Hodgkin disease, and mycobacterial spindle cell pseudotumor. 16 Splenic
hamartoma can be easily identified grossly from inflammatory pseudotumor by the color
of the lesion, which is similar to that of normal splenic parenchyma in the former.
Hodgkin lymphoma may have a similar cellular background but should display ReedSternberg cells or cells with the characteristic immunophenotype of Hodglcin cells (i.e.,
CD15/CD30+). Mycobacterial spindle cell pseudotumor can be seen in AIDS patients
and can look grossly and histologically ·very similar to inflarumatory pseudotumor of the
spleen. Histologically, however, in addition to the spindle cells there will also be
numerous foamy macropbages. An acid fast stain will highlight the organisms in such
cases. 16

"Take-Home'' Message:
•

•
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Think of the possibility of .a follicular cell tumor whenever you see a
mixed population of spindle cells with vesicular nuclei and mild atypia
admixed with abundant lymphoid cells.
Think of the possibility of follicular cell tumor whenever you encounter an
inflarnmatory pseudotumor in the spleen - make sure to order an EBER
study for Epstein-Barr virus.
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Case 11
Clinical History:
A 29 year old woman with no significant past medical history was seen for a
slow-growing soft tissue mass of undetermined duration in her right groin. Pelvic
ultrasound and CT scan of the abdomen was negative for tumor. The resected specimen
showed a 3 em. well-circumscribed, homogeneous rubbery mass without any evidence of
hemorrhage or necrosis.
Thorough clinical and imaging studies carried out
postoperatively failed to identify any evidence of tumor elsewhere. Three year follow-up
has not shown any eviden.ce of recurrence or metastasis.
Histologic Findings:
The tumor was composed o£ a neoplastic proliferation of large, epithelioid cells
with abundant clear cytoplasm. The tumor cells showed focally a striking perivascular
distribution. A distinct nested pattern could be appreciated in many areas, with the tumor
nests being separated by thin slrands of fibrovascular stroma. The tumor cells showed
large round to oval nuclei with dense, finely dispersed chromatin and single Large
eosinophilic nucleoli. The cytoplasm was abundant and ranged from water-clear to finely
granular and eosinophilic with indistinct cell borders. In the clear cell areas, however,
the cell membranes were sharply demarcated. Focal spindling of the tumor cells was also
observed. Occasional cells could be seen that displayed marked nuclear pleomorphism,
with enlarged, hyperchromatic nuclei and enlarged, single or multiple eosinophilic
nucleoli. Abnormal mitotic figures could be seen scattered throughout the lesion; mitotic
counts, however, were low (2-3 per 10 HPF). Focal areas of tumor cell necrosis were
also present.
Special Studies:
Immunohistochemical stains showed focal positivity for HMB45 and Metan-A,
and positive staining for smooth muscle actin. Stains for cytokeratin AE1/AE3, CEA,
EMA, renal cell antigen, inhibin, desmin, S-1 00 protein, CD34 and vimentin were
negative.
A fluorescent in-situ hybridization (FISH) assay for the reciprocal translocation
1(12;22) was negative.
Diagnosis: PERIVASCULAR EPITHEUOID CELL TUMOR (PEComa)/
MYOMELANOCYTIC TUMOR OF SOFT TISSUE.
Discussion:
The present case is another example of the contributions that have been made by
immunohistochemistry to our understanding of morphology and of our increased
capability to better understand these lesions by exploring protein expression and genetic
alterations by modem techniques.
The serendipitcus discovery by pathologists that certain tumors characterized by
clear cytoplasmic features coexpress myoid and melanocytic-associated markers has led
to a dramatic reinterpretation of a family of tumors that were previously classified as of

5.2

Advances In Surgical Pathology

CTTR 1231<1 Semi-Annual Slide Seminar

uncertain histogenesis. The awareness of this phenomenon indeed has led to the
discovery of a previously unrecognized type of cell that has now received increasing
attention by investigators, the perivascular epithelioid cell (PEC).

In 1992, Bonetti et al 1 presented a unifying concept for a new family of tumors
based on the observation that a variety of apparently unrelated lesions shared a distinctive
proliferation of epithelioid perivascular cells that expressed a combination of melanocytic
and muscle markers. They proposed the term perivascular epithelioid cell tumor for these
lesions (PEComa). These lesions included angiomyolipoma, lymphangiomyomatosis,
clear cell "sugar" tumor of the lung, and a group of rare, morphologically similar lesions
arising at various sites described as extrapulmonary clear cell "sugar" tumor. The
alternative term "myomelanocytic cell neoplasm" has also been proposed for these
tumors in recent years 2
•
The perivascular epithelioid cell (PEC) is characterized by abundant clear to
lightly eosinophilic cytoplasm with a tendency for perivascular distribution and the
unique coexpression of smooth muscle actin isoforrns with the melanocytic marker
HMB4S. Stains for keratin and S-1 00 protein are usually negative. At the ultrastructural
level these cells are characterized by abundant cytoplasmic glycogen, pro-melanosomes,
thin filaments with focal condensations and poorly-formed intercellular junctions.
Although angiomyolipoma and lymphangiomyomatosis are commonly associated with
the tuberous sclerosis complex, such association has usually not been encountered in the
other members of this family of tumors. Following the initial recognition of this
phenotype in renal angiomyoHpoma, lymphangiomyomatosis, and clear cell "sugar"
tumor of the lung, tumors with similar morphologic and immunophenotypic features were
subsequently identified in a variety of settings and anatomic locations. ·
PEComas have been reported in the uterus, falciform ligament, large and small
bowel, .peritoneum, Hver, pancreas, heart, genitourinary tract, skin, breast and soft
tissue. 2'
Unusual cases of diffuse intraabdominal clear cell myomelanocytic tumor
simulating peritoneal mesothelioma ("PEComatosis") have also been described.9
Although some degree of morphologic variability has been observed for all of these
tumors, they all share in common a similar HMB4S/SMA-positive immunophenotype.
Despite the initial emphasis on the epithelioid appearance of the tumor cells, many of
these tumors can have a significant spindle cell component. The degree of cytologic
atypia can also vary from very benign-appearing large epithelioid cells with small round
nuclei and no mitotic activity, to very high-grade tumors tjl.at resemble sarcomas. The
"clear cell" appearance of the lesion can also be a matter of degrees since some of the
lesions do not have clear cytoplasm but are characterized by abundant granular
eosinophilic cytoplasm. The morphologic spectrum of these tumors has therefore been
considerably expanded since the initial descriptions of these lesions.
More recent studies have demonstrated that not all these lesions represent benign
or indolent, low-grade neoplasms. Several cases have been reported in recent years
documenting aggressive behavior in tumors that fulfill the morphologic and
immunohistochemical criteria for the diagnosis ofPEComa.4•1o. 11 In a study by Folpe et
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al4 in 24 cases, recurrence and/or me.tastasfs was strongly associated with tumor size >8
em, mitotic activity greater than 1150 HPF, and necrosis. Vascular invasion, infiltrative
growth pattern and marked cytologic atypia are other features that lik~ly correlate with
aggressive behavior. However, definite criteria for assessing potentially aggressive
behavior have not yet been conclusively defined due to the limited number of cases
studied, and the fact that some tumors may display worrisome morphologic features and
yet behave in an indolent fashion. The present case is an example of the latter,
characterized by moderate cytologic atypia and mitotic activity and focal areas of
necrosis, yet at last Tallow up (3 yearS) there was no evidence of recurrence or metastasis.
Additional cases with long-term follow-up need to be studied to better defme this issue.
Despite the knowledge gained thus far frOm the study of these tumors, their
histogenesis is still obscure. N<? normal tissue counterpart has been yet conclusively
identified for these cells. The genetics .o f this tumor bas also not yet been adequately
studied. Two studies have reported expression of C-kit (CD117) in PEComas.12•13 It was
pointed out that angiomyolipoma, anotker member of this family of tumors, has also been
shown to stain positive. for this marker. The exact significance of this finding is not yet
clearly understood. A recent study using comparative genomic hybridization (CGH) in 8
patients·with renal and extrarenal tumors showed losses in chromosomes 19, l6p, 17p, lp,
l8p, and gains on chromosome X, 12q, 3q, 5 and 2q. The frequent deletion of 16p in
which the TSC2 f.ene is located reinforced the oncogenic relationship of PEComas with
angiomyolipoma. 4 It was concluded that from the molecular genetic point of view, the
recurrent chromosomal alterations in both renal and extrarenal tumors supported the
concept that these tumors formed part of a single family irrespective of location.
The differential diagnosis for these tumors in soft tissue locations involves
metastases of clear cell carcinoma (i.e., clear cell renal cell carcinoma), clear cell
sarcoma of tendons ·and aponeuroses, and alveolar soft part sarcoma. Metastatic renal
cell carcinoma can be ruled out by the absence of reactivity for cytokeratin, CDIO and the
renal cell carcinoma antigen. Clear cell sarcoma of tendons and aponeuroses share
positivity for HMB45 with PEComa, but also reacts strongly with S-1 00 protein. In
equivocal cases, cytogenetic testing for the EWSRI/ATF I gene transcript can be of value
to rule out the t(l2;2)(ql3;ql2) translocation characteristic of the former. Alveolar soft
part sarcoma shows a more uniform population of large granular cells with a prominent
alveolar growth pattern; immunohistochemical studies will show absence of staining for
SMA or HMB45.
"Take--Home" Message:
•
•
•
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PEComa should be considered in the differential diagnosis of any
epithelioid/spindle clear cell tumor in any location.
HMB45/SMA-positivity and keratin/S-1 00 protein-negativity should
trigger consideration of this diagnosis.
The tumor has a ubiquitous distribution - always include it in the
differential diagnosis of clear cell tumors!
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Case 12
Clinical History:
An 87 year old woman was seen for a large scalp mass of undetermined duration.
A clear past medical history could not be elicited. Physical examination showed several
previous surgical scars, including a small incisional longitudinal scar in the left lower
back approximately 5 em in length, a right upper quadrant lumpectomy scar in her right
breast, a cholecystectomy scar, and a median laparotomy scar. Physical examination did
not reveal any adenopathy or other evidence of tumor elsewhere at the time of admission.
G r oss Features:
The resected specimen consisted of an ellipse of skin with underlying
subcutaneous tissue. Centrally located was a large, 4 em. in diameter nodular, exophytic
mass that protruded 2 em. above the skin surface and grossly involved the deep margin of
resection. Cut section of the mass showed white homogeneous tissue with focal areas of
hemorrhage.
Histologic Findings:
Scanning magnification showed an exo- and endophytic cellular proliferation
extending from the dermo-epidermal junction into the deep dermis. The tumor cell
population was composed of a monotonous proliferation of large cells with highly
pleomorphic nuclei surrounded by abundant eosinophilic cytoplasm. The nuclei showed
irregular contours and dense chromatin pattern, with occasional prominent eosinophilic
nucleoli. Bizarre, multinucleated anaplastic tumor cells could be identified. The
cytoplasm of the tumor cells showed dense globular eosinophilic inclusions that
displaced the nuclei towards the periphery. Numerous abnormal mitotic figures were
present (5 per 10 HPF). The tumor was surrounded and infiltrated by a dense
lymphoplasmacytic host response. Foci of angiolymphatic invasion were noted. Focal
spindling of the tumor cells could also be observed, and in a few areas, the cells seemed
to merge imperceptibly with the basal layer of the overlying epidermis. But for the most
part, the overlying epidermis was normal and showed a "grenz" zone between the tumor
and the basal keratinocytes.
Special Studies:
Immunohistochemical stains showed strong positivity for S- I 00 protein and
Melan-A, and focal positivity in a few scattered tumor cells for HMB45. The tumor cells
also showed strong positivity for vimentin and negative reaction for cytokeratin
AEIIAE3, pCEA and EMA. An extensive panel of stains, including SMA, desmin,
MyoDl, myogenin, CD31, CD34, bcl-2, CD99, MOC31, CDIO, GFAP, C-Kit, CK7,
CK20 and chromogranin were all negative in the rumor cells.
Diagnosis: MALIGNANT MELANOMA WITH 'RHABDOID' FEATURES.

.5~
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Discussion:
The present case illustrates an example of a tumor in which a peculiar
morphologic appearance gave way to the creation of a new class of tumors, the so-called
"rhabdoid tumor" category. Although this category of tumors was initially greeted as a
"new entity", it was soon followed by the realization that very few examples actually fell
in this class and that the majority of cases displaying such features corresponded to a
phenotype that can be shared by tumors of different histogenesis, rather than representing
a unique and distinctive entity.
Rhabdoid tumor w as initially described in the kidney of pediatric age patients,
and is characterized by a rapidly aggressive clinical course. The tumor derives its name
from the resemblance of the cytoplasm of the tumor cells to differentiating
rhabodomyoblasts. 1 Electron microscopy has demonstrated that the characteristic
cytoplasmic eosinophilic inclusions correspond to aggregates of whorled intermediate
filaments.2 The immunostaining pattern of these tumors is quite variable and they may
coexpress a variety of divergent cellular markers, including keratin and vimentin
intermediate filaments.
It was soon appreciated that tumors bearing essentially indistinguishable
morphologic features could occur outside the lddney in patients of all ages; these were
tenned extrarenal rhabdoid tumors. 3 The overall behavior of such tumors has been highly
aggressive. However, it was also noted that some of these tumors showed areas
displaying features of other conventional types of tumors; these were referred to as
"combined extrarenal rhabdoid tumors"? It was postulated that the rhabdoid phenotype
may represent a final common pathway for the evolution of several types of neoplasms as
they progressed to a higher-grade, more aggressive biological state.
Despite these observations, there is still a group of highly aggressive tumors
occurring in infants and young children that bas a virtually pure rhabdoid phenotype and
characteristically involves the kidney, central nervous system and soft tissue. The soft
tissue tumors, in particular, are currently designated extrarenal malignant rhabdoid
tumor.4 Such tumors have been thoroughly characterized genetically and have shown a
somatic alteration of the hSNF5/INIJlocus at chromosome band 22qll.2.5
Tumors with morphologic features that are virtually indistinguishable from
extrarenal malignant rhabdoid tumors have also been increasingly recognized in many
other organs. The rhabdoid features in such tumors may obey similar mechanisms as a
result of the accumulation of whorls of cytoplasmic intermediate filaments, but the cell
type involved will be quite differenL Thus, tumors of otherwise well-defined epithelial,
mesenchymal, neural, neuroendocrine and melanocytic lineages have been reported to
exhibit prominent rhabdoid features.es- 11
Malignant melanoma with rhabdoid features is rare and bas been more often
described at metastatic sites than as a primary manifestation of the tumor; 12. 13 however, it
can also present with these features at the primary site. 1• These tumors are characterized
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by sheets of large polygonal cells with abundant cytoplasm containing glassy
eosinophilic inclusions. The inclusions are caused by accumulation of paranuclear
whorls of interme<tiate filaments. The inununohistochemical features in these tumors
may sometimes be misleading. Bittesini et al 12 reported a case of rhabdoid melanoma
metastatic to a lymph node in which the cells were positive for vimentin, cytokeratin and
·desmin, but had no ultrastructural features of rhabdomyoblastic differentiation. Borek et
al 14 described three cases of primary rhabdoid melanoma of the skin, one of which
showed cytokeriltin and focal SMA positivity. Chang et al 13 noted a decrease in the
expression of S-1 00 protein and HMB45 in metastatic lesions of rhabdoid melanoma.
The differential diagnosis for these tumors can be very broad and involves the
clinical setting and location of the lesion. In the slcin and lymph nodes of patients with
known lesions of malignant mel.anoma, rhabdoid m~lanoma should be the first
consideration in the differential diagnosis. Attention to areas of transition with more
conventional melanocytic elements or with the overlying epidermis can be of help at the
light microscopic level. Immunohistochemical stains may facilitate recognition of these
tumors by showing positivity for melanocytic markers such as S-100 protein, HMB45,
Melan-A or microphtalmia trilnscription factor. It should be kept in mind, however, that
when such tumors. exhibit rhabdoid features, it is most likely a manifestation of an
advanced stage of tumor progression and there is always the likelihood that the tumor
will experience loss or diminished expression of the e11pected markers. Alternatively,
aberrant expression of other markers such as CEA, keratin and EMA can add to the
diagnostic confusion in such cases.
One final consideration is the possibility of encountering a melanoma with total
absence of melanocytic markers of differentiation, in particular S-1 00 protein. Such an
occurrence is extremely rare but has 'been amply documented. 15 Conunon sense must be
applied in such instances and the overall clinical context, morphologic features and
results of other immunohistochemical markers should be taken into consideration before·
discarding the possibility of malignant melanoma.
"Take-Home" Message:

•
•

•

58

"Rhabdoid twnor" is a very imprecise term whose indiscriminate use
should be avoided - the majority of such cases correspond to specific
tumor entities.
The term should be restricted to tumors of the kidney, CNS and soft
tissue in children who fulfill the criteria for this diagnosis (including
the distinctive chromosomal abnormalities).
Appropriate immunohistochemical workup should be undertaken in all
cases to rule out ot~er conditions prior to making that diagnosis.
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Case 13
Clinical IDstory:
A 38 year old woman with no significant past medical history was seen for a
slow-growing soft tissue mass in the subcutaneous tissue of her right hip. A wide
excision was performed for the suspicion of malignancy.
G r oss Findings:
The Tesected specimen showed a well-circumscribed, thinly encapsulated, tan
fleshy tumor measuring 12 x 11.5 x 8.5 em. The cut surface showed tan white
homogeneous rubbery tissue with approximately 30% areas of yellowish discoloration
and small foci of hemorrhage. The lesion was located above the fascia and did not
involve the underlying skeletal muscle.
Pathologic Findings:
The tumor was composed of a well-circumscribed spindle cell proliferation set
against a variably sclerotic and myxoid stroma. The spindle cells were characterized by
slender, elongated nuclei with dispersed chromatin pattern and occasional small nucleoli.
Mitoses were sparse (<I per I0 HPF). In areas the tumor showed extensive degeneration
of collagen with cystic mucoid pools. Interspersed with the spindle cell population are a
large number of branching smaiJ vessels with open lumens adopting a striking " staghom"
appearance.
Special Studies:
Immunohistochemical studies showed strong positivity of the spindle tumor cells
with vimentin, CD34 and bcl-2. Stains for cytokeratin AEIJAE3, SMA, h-caldesmon,
calponin, S-1 00 protein, EMA, CD I 0 and CD 117 were uniformly negative in the tumor
cells . A stain for CD3 1 bighlighted the numerous scattered blood vessels throughout the
lesion. A MIB-1 stain showed nuclear positivity in - 5% of the tumor cells.
Diagnosis: SOLITARY FIBROUS TUMOR OF SOFT TISSUE.
Discussion :
This case exemplifies another area in wbich our understanding of tumor
pathology bas been radically altered in recent years, forcing us to transition from a longcherished (but incorrect) concept to a new understanding of a whole family of tumors.
Soft tissue tumors with a striking vascular pattern characterized by the
proliferation of small branching vessels with open lumens (so-called "hemangiopericytic"
or "hemangiopericytomatous") growth pattern have been the source of controversy in the
literature for many years. l-J The neoplastic cells in such tumors are characterized by a
uniform population of round or oval cells devoid of any significant cytologic atypia that
su.rround the vessel walls.
The advent of immunohistochemistry and of modem molecular techniques has
slowly led to the realization that what was believed to be a homogeneous tumor entity
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actually constitutes a variety of histogenetically different tumor types that share a
common and salient morphologic feature, mainly, a striking hemangiopericytic growth
pattern (Table I). Awareness of this fact plus the use of specialized techniques now
permits assigning these tumors to more precise and well-defined histologic and
prognostic categories.2•5 In particular, it has become widely appreciated that certain
specific types of tumors, such as monophasic synovial sarcoma, solitary fibrous tumor,
mesenchymal chondrosarcoma, endometrial stromal sarcoma and others have a
propensity for displaying this striking growth pattern, despite different demographic,
clinical and biological properties.
Table 1: Tumors with Prominent Hemangiopericytic Growth Pattern.
Sontarvnbrous tumor
SynovW sarcoma
ExtrllSkeletal mesenchymal chrondrosarcom11
Endometrilll stromal sarcoma
Mvorlbromlllm volibromatosis
Phosohaturic mesen chvmal tumor
SinonllSIIl-tvoe heman~iooericvtoma
Menin~eal ltemantliooericvtoma
Infantile heman~iooericvtoma
Pkomorohic hi~h-~rade sarcoma fMFH)
Dedifferentiated lioosarcoma
Leiomvosarcoma
Anaolostic carcinoma

The tenn "hemangiopericytoma" has thus become increasingly restricted in recent
years as all other tumors that were previously classified under this generic term are
currently being assigned by most experts to other more specific categories. 5 In fact, the
latest edition of the WHO Classification of Tumors of Soft Tissue and Bone has grouped
hemangiopericytoma in the same category as extrapleural solitary fibrous tumor, with the
disclaimer that it is difficult at the present time to define hemangiopericytoma as a
discrete entity, and with a prediction that hemangiopericytoma as a separate entity may
become obsolete.5
Solitary fibrous tumor is the condition that has most likely been the one most
frequently misdiagnosed as "hemangiopericytoma" in the past. This tumor was first
recognized in the pleura by Klemperer and Rabin in 1931.6 For many years, however, it
eluded proper identification at other sites owing to its often variegated appearance and its
ability to resemble other types of soft tissue sarcomas.' It has now been appreciated that
solitary fibrous tumor is a lesion with an ubiquitous distribution. We were the flfSt to
identify these tumors as a distinctive lesion involving superficial soft tissues in 1995.8
Since then, several additional reports have appeared confirming our original findings.9• 10
Solitary fibrous tumors of soft tissue are most common in middle-aged adults and
present as superficial or deep soft tissue masses averaging 6 em in greatest diameter. The
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tumors are usually well-circumscribed and unencapsulated, and show a homogeneous,
gray-white rubbery surface. Histologically they are characterized by a great variegation
of growth patterns that are frequently admixed within the same lesion. The tumor is
composed of a rather monotonous proliferation of bland spindle cells with scant
cytoplasm and minimal to absent mitotic activity. The spindle cells may adopt a variety
of growth patterns, including short storiform ("patternless"), hemangiopericytic,
angiofibromatous, herringbone, wavy neural or palisaded, and synovial sarcomalike.7
Admixed with the spindle cell areas arc foci of stromal sclerosis that may vary from mild
to massive. A pattern of collagen deposition characterized by parallel linear arrays of
thin ropelike deposits of keloidal collagen flanking the spindle tumor celts is a distinctive
feature.
The immunohistochemical pfC!61e of solitary fibrous tumor is characterized by
strong vimentin and bcl-2 positivity in virtually all cases, and positivity for CD34 in up to
70% of cases.11 Despite of anecdotal claims to the contrary, stains for actin, desmin,
keratin, S-1 00 protein and other specific differentiation markers are invariably negative in
these tumors. Because none of the markers that react with these tumors is specific or
exclusive for solitary fibrous tumor, the immunohistochemical diagnosis is necessarily
one of exclusion and must be done in the context of a panel of stains to eliminate other
diagnostic possibilities. Ultrastructural examination has shown features of fibroblastic
cells. Cases displaying increased cellularity with cytological atypia, brisk mitotic activity,
invasion and necrosis can occasionally be encountered that correspond to the malignant
variant of this tumor; 10 such cases can be properly regarded as examples of fibrosarcoma.
The histogenesis of these tumors is uncertain. One of the characteristic attributes
of this tumor is positivity with CD34, a human hematopoietic stern cell marker that bas
also been demonstrated in vascular endothelial cells and in a subpopulation of stromal
fibroblastlike cells of ubiquitous distribution that have antigen-presenting functions.
Such cells have been designated as the "dendritic interstitial cell" system by van de Rijn
and Rouse. 12 It has been proposed that solitary fibrous tumor may represent part of a
spectrum of lesions that belong to this family of specialized dendritic fibroblastic stromal
cells.n
The biologic behavior of solitary fibrous tumor in soft tissue is in geneml difficult
to predict from the histologic findings, but the majority of the cases reported so far have
behaved in a benign or low-grade, indolent fashion. Features associated with aggressive
behavior include increased cellularity with nuclear pleomorphism and atypia, mitotic
activity >3 per I0 HPF, areas of tumor necrosis, and infiltration into surrounding tissues.
The differential diagnosis for the present case includes other soft tissue tumors
that display a prominent hemangiopericytic pattern of growth. In synovial sarcoma, the
dense cellularity and atypia of the spindle cell population surrounding the
hemangiopericytic vascular spaces and the monotony of the cell population should be of
help for the proper identification of the lesion. Because occasional synovial sarcomas
may not express cytokeratin or EMA, and because both tumors can show strong bcl-2
positivity and high cellularity, use of molecular probes for the fusion product of the X;l8
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translocation may be of aid in the differential diagnosis. Extraskeletal mesenchymal
chondrosarcoma should be considered when the lesion is located in paravertebral location
and foci of immature cartilage and bone are identified. Other types of sarcoma that can
display focally prominent hemangiopericytic areas include leiomyosarcoma,
dedifferentiated liposarcoma and malignant fibrous histiocytoma. Attention to the
features in adjacent areas and recognition of the more classical features of solitary fibrous
tumor will generally serve to define the differential diagnosis.

"Take-Home" Message:
•

•
•

"Hemangiopericytoma" is another example of a now almost defunct
tumor "entity" that actually represents a non-specific morphologic
growth patte111 rather than a discrete tumor type.
The term is now mostly restricted to tumors in children (infantile
hemangiopericytoma) and hemangiopericytoma of the meninges.
Tumors with a prominent "hemangiopericytic" growth pattern should
always be adequately worked up to rule out solitary fibrous tumor or
synovial sarcoma.
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Case 14
Clinical History:
A 50 year old woman was seen for a slow-growing mass in her left thigh. The
patient did not have any previous significant history and was otherwise unremarkable on
physical examination. A core biopsy of the lesion was done that was diagnosed as
"malignant spindle cell tumor with neural features". A complete resection of the lesion
was undertaken.
Gross Findings:
The specimen measured 13 x 7 x 6 em and was well-circumscribed but showed a
few multiple small satellite nodules in the surrounding fibroad.ipose tissue. On cut
section, approximately 70% of the tumor ·appeared necrotic, with a white, semi liquid,
somewhat gelatinous central portion.
Histologic Features:
The tumor was composed of a dense cellular proliferation of spindle cells with a
fascicular growth pattern. In areas, the tumor cells s howed prominent palisading of
nuclei imparting the lesion with a "neural" appearance. Other areas showed a
herringbone pattern of growth. The tumor cells contained spindle vesicular nuclei that
contained a dense chromatin pattern with occasional chromocenters but no visible
nucleoli. The tumor cells were very monotonous and did not display any evidence of
nuclear pleomorphism, multinucleation or frank anaplasia. Mitotic figures were few
averaging 2-3 per 10 HPF. Occasional mast cells cou ld be seen scattered in the stroma.
Special Studies:
Immunohistochemical srud.ies showed strong positivity of the spindle tumor cells
for vimentin, bcl-2 and calponin. Stains for cytokeratin AEI/AE3 and EMA showed
some spotty focal positivity in isolated clusters of tumor cells. Stains for S-100 protein,
CD31, CD34, CD117, SMA, desmin, h-caldesmon and SMMS were negative in the
tumor cells.
Fluorescence in-siru hybridization was positive for the t(X; 18) translocation.
Diagnosis: MONOPHASIC SYNOVIAL SARCOMA WITH PROMINENT
PALISADING.
Discussion:
The present case has been included not only because of the unusual morphologic
presentation but to emphasize the great contribution that modem molecular techniques
have made to enrich our understanding of neoplastic processes. Such contributions have
helped us clarify concepts, reshape ideas, and better understand previously obscure issues.
The identification that the t(X; 18) translocation represents the molecular "signarure" of
synovial sareoma paved the way for the revolution that is taking place in the way we
currently approach the diagnosis of soft tissue tumors.
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Monophasic synovial sarcoma is usually characterized by a monotonous spindle
cell population with very scant or absent stroma. The spindle cell population is usually
composed of uoifonn elongated tumor cells with dispersed nuclear chromatin pattern and
small or very inconspicuous nucleoli. Mitotic activity cail vary from minimal to more
than 10 mitoses per 10 HPF. Nuclear pleomorphism and multinucleation is rarely if ever
seen. The tumor cells can adopt a fascicular growth pattern, but many diverse patterns of
growth. can be observed in these tumors-that may overlap with other soft tissue tumors,
including storifonn, herringbone, hemangiopericytic, and palisaded growth patterns.
Additionally, the tumor cells can also adopt unusual cytological appearances, such as
round epithelioid features or a "rhabdoid" appearance.
A palisading growth pattern is characterized by a parallel distribution of nuclei
that will line up in palisade one next to the other as in a picket fence. For many years this
growth pattern was considered the hallmark of schwannian neoplasms, where in its most
developed expression it forms the distinctive structures known as Verocay bodies. 1
Malignant tumors displaying focal palisading of tumor cells were also believed for many
years lo represent the malignant counterpart of schwannoma. More recent studies have
demonstrated that prominent palisading of tumor cells can also be observed in solitary
fibrous tumors and in the monophasic variant of synovial sarcoma.2•3 Another
mesenchymal neoplasm that can also be characterized by striking palisading of tumor
cells is gastrointestinal stromal tumor (GIST). Morphologic distinction between these
conditions may be extremely difficult by conventional histology alone.
Immunohistochemical studies will generally help to separate them.
In recent years, important contributions to our understanding of mesenchymal
neoplasms have been made in the field of cytogenetics and molecular pathology.
Nonrandom mutations have been described in a variety of soft tissue tumors. These
mutations have been used to reclassify many sarcomas into categories that more
accurately reflect rumor biology. The molecular consequences of the mutations have not
only provided new insights into oncogenic · mechanisms, but have also been used to
develop new diagnostic tests and novel drug therapies. Because many translocations are
characteristic of specific soft tissue tumors, molecular analysis can be used in some cases
to confinn or exclude a specific diagnosis. Additionally, some types of particular
variations in the translocations and the resulting fusion genes can provide prognostic
information that cannot be garnered from histologic examination alone in some of these
tumors. Finally, certain specific mutations have been correlated with response to
chemotherapy and may be used to guide the management of some patients.

In many soft tissue tumor types, the translocations \viii produce a characteristic
fusion gene (Table 1). Molecular analysis in those cases is thus geared to the
identification of the fusion gene product by various tethniques, including Southern blot
hybridization, fluorescence in-situ hybridization (FISH), or reverse transcription
polymerase chain reaction (RT-PCR). In some soft tissue tumors, gene deletions or gene
inactivations by point mutation are involved in tumor development. In other tumor types,
activating mutations are responsible for the oncogenic transformation. In the latter cases,
the mutations can only be detected by DNA sequence analysis.
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Table I: Translocations and fusion gene products in soft tissue neoplasms.
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SYT-SSX

Infantile fibrosarcom a

1(12;15)

ETV6-NTRK3

Dermatofibrosarcoma protuberans
(DFSP)
Anglomatoldflbrous histiocytoma

1(17;22)

COLIAI-PDGFB

t(12;16)

TLS-ATFJ

t(7;16)

TLS-CREB3C2

Gastrolnlestinal stromal tumor (GIST)

Activat•'ng mutations

C-KJT or PDGFRA

Well-diffe rentiated liposarcoma and
De-differentiated liposarcoma

S upernumerary ring
and giant marur
chromosomes

Amplification of 12q1415, including MDM2
and CDK4

Myxoidlround cell liposarcoma

1(12;16)
t(12;22)

TLS-CHOP
EWS-CHOP

Clear cell sarcoma oftendons and
aponeuroses

1(12;22)

E WS-ATFJ

Extraskeletal myxoid chondrosarconuJ

1(9;22)
1(9;17)
t(9;I5)

EWS-CHN
TAF2N-CHN
TCF12-CHN

Alveolar soft parts sarcoma

der(17)(X;17)

ASPC-TFE3

Extrarenal rhabdoid tumor

Inactivation of 22q/1.2

hSNF51IN11

1(11;22)
t(21;22)

EWS-FLlJ
EWS-ERE

Desmoplastic small round cell tumor

1(11;22)

EWS-WTJ

Alveolar rhabdomyosarcoma

t(2;13)
t(l ;JJ)

PAX3-FKHR
PAX7-FKHR

Low-grade fibromyxoid sarcoma

Ewing's sarcoma!PNET

A significant number of specific mutations with distinctive gene fusion products
have been identified in soft tissue tumors. The current standard is slowly shifting in the
direction of assaying for those fusion proteins to confirm or support the diagnosis in
certain types of sarcomas.4 The prototype of this trend and the tumor in which molecular
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analysis has gained the widest acceptance is synovial sarcoma. RT-PCR-based
demonstration of SYT-SSX chimeric transcripts is a highly sensitive and widely used
method to detect the fusion genes cbaracteristic of synovial sarcoma. 5•6 FISH bas also
been widely used to demonstrate the presence of the t(X; 18) translocation in synovial
7
sarcoma using either metaphase chromosomes or interphase nuclei. •8
Some studies have suggested that prognostic information can be obtained from
determination of the fusion gene type in synovial sarcoma. Most studies performed to
date have shown that the SYT-SSX2 fusion gene is associated with a better clinical
outcome than the SYT-SXXJ fusion.9 Although patient therapy is not yet being stratified
on the basis of fusion gene transcript type, its appears that this information may be
potentially valuable for prognostication and management of these patients.

In the vast majority of instances the diagnosis of synovial sarcoma is usually
based on the recognition of the distinctive morphologic features in combination with a
panel of immunohistochemical stains.
In addition to the well-known focal
immunoreactivity for cytokeratin and EMA, in recent years these tumors have been found
to react with several other markers, including S-100 protein, CD99, bcl-2 and
calponin. 10•11 The latter two, in particular, are strongly and diffusely expressed in the
majority of the tumor cells of synovial sarcoma in a cytoplasmic staining pattern and
under the appropriate clinicopathologic context, should raise the suspicion of synovial
11
sarcoma even in the absence of keratin or EMA positivity. It should be pointed out that,
contrary to a widely held misconception, positivity for cytokeratin and EMA in synovial
sarcoma is actually very focal and weak. In fact, it may be necessary to stain several
blocks in a given case before convincing positivity can be demonstrated. A small
percentage of these tumors will be completely negative for these markers even on
exhaustive search.
The main differential diagnosis for monophasic synovial sarcoma in any location
is with the cellular variant of solitary fibrous tumor and malignant peripheral nerve
sheath tumor (MPNST). Inununohistochemical stains will permit separating solitary
fibrous tumor from synovial sarcoma in most instances. The separation from MPNST
may be much more complicated, because both tumors can share S-1 00 protein positivity,
and both may be negative for all other markers. Molecular genetic testing can be of help
in such instances, despite the existence of disputed cases of MPNST in the literature that
tested t(X;\8) positive. However, it must be kept in mind that t(X;I8) has been
demonstrated in from 80-900/o of cases of synovial sarcoma, leaving room for falsenegative cases. In such instances, the only definitive test to separate synovial sarcoma
from MPNST is electron microscopy, since both tumors show quite different and
distinctive ultrastructural features. 12

"Take-Home" Message:
•
•

Not all that is palisaded is neural!
When you see striking palisading of tumor cells in a sarcoma, think
synovial sarcoma.
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•

Molecular studies can be of help to define the diagnosis in equivocal
cases by identifying the t(X; 18) translocation.
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FIGURE LEGENDS:
CASE 1:
A. Scanning magnification showing diffuse atypical spindle cell proliferation set
against a collagenous stroma.
B. Higher magnification showing atypia of the. tumor cells.
C. Area of the tumor showing intravascular emboli composed of epithelioid cells
with an abortive glandular configuration.

CASE2:
A. Scanning magnification showing sheets of uniform tumor cells separated by areas
of necrosis.
B. Higher magnification showing tumor cells with extensive crush artifact.
C. Monotonous population of tumor cells showing large hyperchromatic nuclei with
prominent l)ucleoli.

CASE 3:
A. Scanning magnification showing small cell population separated by broad fibrous
bands.
B. Higher magnification showing admixture of dense spindle cell areas with areas
containing abundant lymphocytes.
C. Higher magnification of lymphocyte-rich area showing scattered oval to spindle
epithelial cells in the background.
CASE4:
A. Scanning magnification showing sheets oflarge epithelioid cells infiltrating
adipose tissue.
B. Dilated perivascular space with palisading of tumor cells in the periphery.
C. Higher magnification showing large epithelioid cells with enlarged nuclei and
abundant eosinophilic cytoplasm with sharp cell borders.
CASES:
A. Scanning magnification showing well-circumscribe follicular proliferation.
B. Higher magnification showing focal area displaying dilated follicles lined by
cells with clear nuclear features .
C. Cells lining the follicles show prominent clearing of the nuclear chromatin.
CASE6:
A. Scanning magnification of well-circumscribed, unencapsulated nodule displaying
prominent papillary architecture.
B. Papillary structures show branching of papillae and display fibrovascular cores.
C. Higher magnification showing follicular cells with round nuclei containing a
heavy chromatin pattern and small eosinophilic nucleoli.
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CASE 7:
A. Scanning magnification showing numerous large, multinucleated tumor cells set
against a myxoid stroma.
B. Closer view shows large, atypical multinucleated cells admixed with an atypical
mononuclear cell population.
C. Higher magnification showing detail of a Toulon-type multinucleated atypical
cell.
CASES:
A. Area of the tumor showing predominantly spindle cell population.
B. Area of the tumor showing a predominantly tubular architecture.
C. Higher magnification from the tubular portion showing bland population of
round to polygonal cells lining the tubules.
CASE9:
A. Scanning magnification showing well-circumscribed neoplasm composed of
large cells with abundant eosinophilic cytoplasm.
B. Higher magnification showing sheets of large, eosinophilic cells.
C. Another field showing oncocytic cytoplasm of the tumor cells.
CASE 10:
A. Scanning magnification showing well-circumscribed area adjacent to normal
splenic parenchyma showing a monomorphic appearance.
B. Central portions of the lesion displaying prominent stromal sclerosis and
hyalinization.
C. Higher magnification of the tumor showing admixture of spindle cells and
inflammatory cell elements.
CASE 11:
A. Scanning magnification showing well-circumscribed, monotonous clear cell
proliferation.
B. Large cells with clear cytoplasm are seen disposed around collapsed vessels.
C. Higher magnification showing large cells with large nuclei with prominent

nucleoli and.abundant clear cytoplasm.
CASE 12:
A. Scanning magnification showing normal epidermis with underlying dense tumor
cell population.
B. Higher magnification of the tumor showing sheets oflarge epithelioid cells with
enlarged nuclei.
C. Higher magnification showing cells with abundant eosinophilic cytoplasm
displaying densely eosinophilic "rhabdoid" inclusions.
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CASE 13:
A. Scanning magnification showing spindle cell proliferation flanking multiple
small, branching vessels.
B. Branching small vessel is seen with open lumen surrounded by sparse spindle
cell proliferation.
C. Higher magnification shows bland-appearing spindle cell proliferation admixed
with a few scat;tered mast cells.
CASE 14:
A. Scanning magnification showing spindle cell population with prominent
palisading ofnuclei.
B. Higher magnification showing monotonous population of atypical spindle cells.
C. Anoth·e r area of the tumor showing striking palisading of tumor cells in
perivascular distribution.
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