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Key points

e Histologic grade is the most important prognostic factor. It should be included in
the pathology report along with tumor size, tumor depth, vascular invasion,
peripheral tumor growth pattern, and status of surgical margins.

e Histologic typing and subtyping is a prerequisite to grading. Grade does not
replace histologic typing and subtyping; both methods are complementary.

o Core biopsy specimens can be graded. Unless tumors are obviously high-
grade, there is a risk for grade underestimation. Clinical data and data from
imaging procedures (MRI, PET scan) should always be taken into account
when evaluating core needle biopsies.

e Molecular parameters will not replace classic prognostic factors. They may
have a role in predicting and/or monitoring response to therapy, and in
detecting infraclinical relapses in a subset of STS.

¢ Nomograms and risk stratification models, including molecular approaches are
major steps in sarcoma prognostication. Vascular invasion, an important
prognosticator, should be included in staging systems and nomograms/risk
stratification models.

Introduction

Soft tissue sarcomas (STSs) form an heterogeneous group of rare mesenchymal
neoplasms with a wide range in terms of clinical presentation, situation, size,
histology, and behaviour [1]. Roughly, they recur locally in about 20 to 30% of cases
and metastasize, essentially to lungs and pleura, in 30 to 50% of cases; 5-year overall
survival varies between 55% and 65%, regardless of stage and histology. Treatment
and prognosis are interdependent factors. On one hand, accurate determination of
prognosis is critical in order to guide therapeutic decisions, on the other hand,
prognosis depends on therapeutic efficacy. Classical predictors of distant metastases
and overall survival include histologic type and subtype, histologic grade, tumor size,
tumor site and depth, tumor necrosis, mitotic activity, vascular invasion, and
neurovascular or bone involvement [2-6]. Local reccurence(s) is mainly related to the
quality of surgical excision (i.e. the capacity of the surgeon to resect the lesion with
tumor-free margins). In the last 10 years, significant advances have been made
regarding diagnostic procedures (e.g. core biopsies are increasingly used instead of



incisional biopsies) and imaging techniques, as well as molecular mechanisms
involved in STS growth and maintenance. Some of these techniques (e.g. molecular
biology) generated new potential prognostic factors (e.g. fusion gene products), the
value of which still needs to be confirmed. The aim of this presentation is to examine
the practical value and limitations of well-established and emerging prognostic factors
considering the recent modifications that occurred in the management of patients with
STS. GIST, which best illustrates the relationship between morphology, molecular
biology, response to treatment and outcome, will not be considered here.

Histologic grade

It is currently recognized that histologic grade is the most important prognostic factor
for adult STSs [2,6]. As best predictor of metastasis development and tumor mortality,
histologic grade is a key parameter of the currently used 2002 TNM clinicopathologic
staging system [7]. Several grading systems (two-tier, three-tier and four-tier systems)
have been developed to overcome inconsistencies among pathologists in histologic
typing and subtyping. All of them proved to correlate with overall survival and disease-
free survival. Two three-grade systems, the FNCLCC (“French”) system and the NCI
(National Cancer Institute) system are the most widely used [1,2,6]. The NCI system is
based on the evaluation of tumor histologic type or subtype, location, and amount of
tumor necrosis, although cellularity, nuclear pleomorphism, and mitotic count are also
to be considered in certain situations. The FNCLCC system is based on a score
generated by the assessment of three parameters: tumor differentiation (which is, in
some ways, equivalent to histologic typing/subtyping), mitotic rate, and amount of
necrosis. The goal of a grading system is to separate tumors of good prognosis (grade
1) from those of poor prognosis (grade 3). When comparing the performances of these
two systems in the same group of patients with STS, the French system did better [6].
It allocated fewer patients to the noninformative grade 2 category and appeared more
discriminating and efficient in the selection of patients with tumors of high malignant
potential who could benefit from adjuvant chemotherapy. Discrepancies between the
two grading systems were nevertheless observed in 34.6% of the cases [6].

Limitations of grading systems and controversial points

» Is an universal grading system applicable to most STSs preferable to a
system applicable to every histologic type of STS ?

Several criticisms have repeatedly addressed to grading systems [8-11]. One is
related to the fact that all grading systems have been developed and tested in the
overall sarcoma group and not specifically in every histologic category. In a recent
study on 1240 localized STSs, Coindre et al. [12] showed, however, that, with the
exception of MPNST and rhabdomyosarcomas, histologic grade remains an important
predictor of metastasis in the main histologic types of STSs (90% of STSs.). It is now
clear that no current grading system performs well for every type of STS. However,
given the number of histologic types of STSs, it is totally unrealistic and pointless to
develop a grading system for every specific histologic type of STS. For the time being,
the FNCLCC or the NCI systems, which perform adequately for the most common
sarcoma types, still represent an acceptable alternative.

» Histologic grading, histologic typing, or both ?
It is important to keep in mind that histologic grading will not replace histologic typing.
In the FNCLCC system, differentiation is almost synonymous with histotyping since
determining histologic type is a prerequisite to judging differentiation. A weakness of



the FNCLCC system is the assignment of a differentiation score and the criteria used
to distinguish between, for example, a well-differentiated (score 1) leiomyosarcoma
and a conventional (score 2) leiomyosarcoma. In the refined version of the FNCLCC
system [6], differentiation scores were partly assigned on the basis of statistical
analyses. However, these analyses have never been published.

Histologic grading and histologic typing should be used in combination. It is clear that
for some sarcoma types, histologic type is a synonym for grade. Well-differentiated
liposarcomas/atypical lipomatous tumors are all grade 1 neoplasms, whereas Ewing
sarcoma, alveolar rhabdomyosarcoma, extrarenal rhabdoid tumor and desmoplastic
small round cell tumor are definitionally high-grade STSs. It is also not recommended
to grade poorly-differentiated (round cell) myxoid liposarcomas, epithelioid sarcomas,
clear cell sarcomas, and alveolar soft part sarcomas using the FNCLCC system as
most of them belong to the noninformative grade 2 category [6]. Here, histology is
more important than grade. Grade is also less informative that histologic type in a
subset of STSs that includes dedifferentiated liposarcoma (many dedifferentiated
liposarcomas are high-grade tumors but show a relatively low - 15-20% - metastatic
rate), low-grade fibromyxoid sarcoma (a morphologically low-grade neoplasm which
metastasizes in 50-70% of cases after 7-10 years), giant cell tumor of soft tissue, and
myxoid chondrosarcoma [2,9].

» Grading systems: three-tier or two-tier ?

In a three-tier grading system, the grade 2 category (40% to 50% of cases) is
noninformative in terms of prognosis and therapeutic decision. It is clear that, in this
intermediate category which comprises a mixture of tumors of good and of bad
prognosis, additional criteria are needed to discriminate between them. Ravaud et al
[13] showed that a combination of grade and tumor depth was a valuable approach;
superficial grade 2 tumors showed a prognosis quite similar to that of grade 1 tumors,
whereas deep-seated grade 2 STSs behaved like grade 3 tumors. In the 2002 TNM
system STSs are lumped in two categories only, low-grade and high grade tumors [7].
This approach removes the problem of the noninformative G2 category but does not
solve the issue at all. STS of good prognosis which would have been classified as
grade 2 tumors in a three-tier system are automatically reclassified as high-grade
tumors in a two-tier system. As a consequence, such patients are likely to be
inappropriately overtreated. One study which compared a 2 grade system to a 3 grade
system demonstrated higher performance for the three tier system in predicting
metastasis-free survival in extremity soft tissue sarcoma [14].

» Other limitations of conventional grading systems
Grading should be performed on untreated tumors because radiotherapy and
chemotherapy can increase tumor necrosis and decrease mitotic activity.
Another weakness of any grading system is its reproducibility. The reproducibility of
the FNCLCC system has been tested. It showed that evaluation of tumor grade was
more reproducible than the diagnosis of histologic type (75% agreement for tumor
grade versus 61% agreement for diagnosis of histologic type) [15]. It is true that some
sarcomas may be difficult to classify, and, indeed, histologic grade was developed
initially to overcome inconsistencies among pathologists in histologic typing and
subtyping.
Pediatric STSs that are not rhabdomyosarcomas and not Ewing/PNET can be graded
according to the FNCLCC system. However, they are most often graded according to
the POG system [16] based on patient age, histologic type, tumor necrosis, and
mitotic activity.



» Are conventional grading systems adapted to core needle biopsies or
fine-needle aspirations (FNA) ?

Conventional gradings systems were developed for use on representative material,
i.e. on whole untreated tumor or on open biopsies. Core needle biopsies are currently
widely used for the diagnosis of primary STSs and for establishing treatment
strategies [17-21]. FNA are more suitable for the evaluation and documentation of
local recurrences and metastases from previously diagnosed STSs. For some authors
both techniques are complementary [18]. Most studies showed that core needle
biopsies have a high degree of accuracy in the diagnosis of malignancy (95%) [17-21].
False negative results are often due sampling errors or to well-differentiated
liposarcomas misdiagnosed as lipomas [19]. Sarcoma typing and grading can also be
performed with an acceptable degree of accuracy (70% to 80%) [19,20]. In the French
Sarcoma Group, we found that histologic grade determination is accurate essentially
for high-grade (G3) neoplasms. Determination of grade in the intermediate (G2) and
low-grade (G1) categories is more problematic [21]. It should also be stressed that
core needle biopsies should not be evaluated without a good knowledge of clinical and
radiological data. Imaging procedures often provide useful information about the
nature of the lump, especially regarding tumor size, borders, and amount of necrosis.

Can histologic grading systems be refined ?

Nowadays, classical grading systems should be updated to fit with the modern
management of patients. Many patients receive preoperative chemotherapy or
radiotherapy, rendering grading pointless at the time of surgical excision. Evaluation of
STS grade (low versus high grade), of extension of tumor necrosis and response to
therapy can now also be assessed using new diagnostic imaging techniques such as
magnetic resonance spectroscopy, FDG-PET, and FLT-PET [22-24], and the results
integrated in updated grading systems. It has also be shown that grading using a Mib-
1 score instead of mitotic count has a better predictive value and is more reproducible
[25] than the original version.

Prognostic impact of myogenic differentiation in STSs

In a recent re-evaluation of 100 so-called MFH, Fletcher et al. [26] observed that
pleomorphic sarcomas which showed myogenic differentiation (i.e leiomyosarcoma,
rhabdomyosarcoma and myogenic sarcoma NOS) were associated with more
aggressive behavior, higher metastatic rate and shorter time to metastasis than those
lacking myogenic differentiation. It was the first time that myogenic differentiation, as a
whole, was shown to be an adverse prognostic factor. Deyrup et al. [27] showed that
this negative effect was maintained even after adjusting for tumor grade, tumor size,
tumor extent, and patient age, and that increasing myoid differentiation correlated with
worse survival (additive effect of myoid differentiation). Thus, patients with
pleomorphic sarcomas that express myoid antigens might benefit from the
development of better adjuvant therapies. Of importance, dedifferentiated
liposarcomas showing heterologous myogenic differentiation do not show increased
aggressiveness due to this additional feature; they behave like conventional
dedifferentiated liposarcomas (i.e. without myogenic differentiation) [28].

Contribution of molecular biology and markers to STS prognostication
In the last 10 years significant achievements have been made in the molecular
approach of soft tissue sarcomas (STS). For instance, it has been suggested that



fusion type could be an important prognostic factor in synovial sarcoma patients,
tumors harboring the SYT-SSX1 fusion being more aggressive and having a higher
propensity for metastatic dissemination than SYT-SSX2 neoplasms [29-31].
Unfortunately, this could not be confirmed in a subsequent independent study [32].
The prognostic value of fusion type in synovial sarcoma is questionable at the present
time, and cannot be considered clinically relevant.

Similarly, the prognostic value of fusion type in Ewing sarcoma remains to be
confirmed. Zoubeck et al. [33] showed in univariate analyses that for patients with
localized disease, type | fusion gene (fusion between EWS exon 7 and FLI1 exon 6)
was associated with longer relapse-free survival compared with other type of fusion
genes. In a series of 112 patients, de Alava et al. [34] observed a positive relationship
between type | EWS-FLI1 fusion and overall survival suggesting that EWS-FLI1
transcript structure is an independent determinant of prognosis in Ewing sarcoma.
Similar results were obtained by Avigad et al. more recently [35]. In contrast, Ginsberg
et al. [36] failed to found any prognostic value of fusion gene in ES in univariate
analyses.

Alterations (deletions, mutations) of the p16™“ | p14*"F p27X"! and p53 tumor
suppressor genes are also of great importance [37,38], often associated with
aggressive behavior and poor chemoresponse [39]. Telomerase activity [40] and short
telomeres [41] were also found to be strong negative prognosticators. Recenly, gene
expression profiling technology has lead to the identification of high-risk and low-risk
patient groups [42], in addition to delivering some arguments in favor of the use of
anti-tyrosine kinase receptors (e.g. anti-IGF-1 receptor).

Most alveolar rhabdomyosarcomas bear either the t(2;13) (q35;q14) PAX3-FOXO1A
(70-80% of cases) or the t(1;13) (p36;q14) PAX7-FOXO1A (10%) translocation. From
a prognostic point of view, tumors with PAX7-FOXO1A fusion tend to behave less
aggressively than PAX3-FOXO1A [43], especially in patients with metastatic disease
[44]. Bone marrow involvement was also significantly more frequent in PAX3-
FOXO1A-positive patients [44]. As for Ewing sarcoma, the presence of alveolar
rhabdomyosarcoma tumor cells in bone marrow, as detected by RT-PCR, seems to be
predictive of shortened disease-free survival and/or overall survival [45,46],
suggesting that these patients should be treated more intensively.

Recently, microarray analysis of 139 primary rhabdomyosarcomas by Davicioni et al
[47] revealed that alveolar RMS expressing either fusion gene share a common
expression profile that is distinct from fusion-negative alveolar RMS. In addition, the
authors identified a subset of genes within the PAX-FOXO1A expression signature
that segregated alveolar RMS into 3 distinct prognostic categories with 5-year overall
survival estimates of 7%, 48%, and 93%, independently of conventional clinical risk
factors, suggesting that PAX-FOXO1A target gene signatures may provide prognostic
information. Amplification and/or overexpression of N-MYC was also found to be
associated with adverse outcome in alveolar rhabdomyosarcoma [48].

Prognostication using staging systems - limitations and refinements

The aim of a staging system is to provide clinicians with a tool that allows them to
evaluate accurately the aggressiveness of a given STS, resulting, ideally, in tailored
therapeutic modalities. It should be simple, easy to use and based on the most
prognostically relevant factors. Various clinicopathologic staging systems have been
proposed for STS (reviewed in [49]), but none are perfect. Most, including the 2002
TNM classification, are based on clinical and histologic parameters, including



histologic malignancy grade, tumor size, tumor depth, and the presence or absence of
regional lymph node and/or distant metastases. Experience strongly suggests that
some other parameters should be considered such as vascular invasion [50-52],
peripheral tumor growth pattern (pushing versus infiltrative borders) [51,52], Mib-1
immunostaining [25,51,52], as well as some clinical parameters (e.g. tumor site,
margin status, and prior local recurrence) [49].

Two recently developed staging systems proved to be superior to the 2002 TNM
classification in identifying patients at high-risk for the development of metastases: the
SIN-system based on vascular invasion, tumor size, and microscopic tumor necrosis
[50], and the system of Engellau et al. based on vascular invasion, tumor size,
microscopic tumor necrosis, and peripheral tumor growth pattern [52]. Interestingly,
the latter system was able to detect low-risk tumors in a population of histological
high-grade soft tissue sarcomas, thus avoiding overtreatment for a subset of patients
[52]. Recently, it has also been suggested that tumor depth could well be deleted from
staging systems since a large proportion of its prognostic weight is already included in
tumor size, provided that more than two size categories (£5cm versus > 5 cm) are
used [53]. In the 2002 TNM system, lumping grade 2 and grade 3 tumors in a high-
grade category is another way to lose prognostic information and it increases the risk
for patients to receive inappropriate neoadjuvant or adjuvant treatments (see
paragraph on histologic grade). Obviously, the existence of several grading systems
with their own advantages and limitations points to the need for a universal grading
and staging approach in STS.

The future:

> Will nomograms and risk stratification models replace conventional
staging and grading systems ?

A nomogram is a prognostic model that predicts disease-specific events (e.g. death)
for a given patient with a given disease. Thus, it is useful for patient counselling and,
also, theoretically, for selecting patients appropriate for adjuvant therapy. All important
prognostic factors should be included in the model to be useful and highly predictive.
A nomogram for 12-year sarcoma-specific mortality has been developed and validated
by Memorial Sloan Kettering (http://www.nomograms.org) [54,55]. In this model, a
limited number of histological types of STS have been included, and an important
prognosticator, vascular invasion, is missing. A modified version of this nhomogram,
which is applicable to extremity STS only and which includes a three-tier grading
system, has beeen developed and showed higher predictice value [56]. More recently,
a nomogram devoted specifically to liposarcomas has been proposed [57].

Risk stratification models and nomograms are better predictors than conventional
staging or grading systems for a given patient. Compared to staging systems,
nomograms take several additional factors into account such as tumor site, tumor
histology, patient age, gender, or tumor margins [49]. For some sarcoma types,
histotype-specific risk stratification models are probably more appropriate [57]. In the
near future, they will gradually include radiological, biological, and molecular
parameters, and will become the gold standard for STS prognostication.

» Towards molecular prognostication for STSs ?
The practical value of molecular biology to sarcoma prognostication is still limited at
the present time [58]. Many promising preliminary results still require validation in
prospective studies before they meet with general acceptance. Despite these



limitations, it is anticipated that arrays (DNA, cDNA), histotype-specific or not,
regrouping most significant molecular prognosticators will soon be available [58].
Proteomics is also a promising tool for molecular classification and prognostication of
STSs [59].

Key points

¢ Histologic grade is the most important prognostic factor. It should be included in
the pathology report along with tumor size, tumor depth, vascular invasion,
peripheral tumor growth pattern, and status of surgical margins.

e Histologic typing and subtyping is a prerequisite to grading. Grade does not
replace histologic typing and subtyping; both methods are complementary.

e Core biopsy specimens can be graded. Unless tumors are obviously high-
grade, there is a risk for grade underestimation. Clinical data and data from
imaging procedures (MRI, PET scan) should always be taken into account
when evaluating core needle biopsies.

¢ Molecular parameters will not replace classic prognostic factors. They may
have a role in predicting and/or monitoring response to therapy, and in
detecting infraclinical relapses in a subset of STS.

¢ Nomograms and risk stratification models, including molecular approaches are
major steps in sarcoma prognostication. Vascular invasion, an important
prognosticator, should be included in staging systems and nomograms/risk
stratification models.
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Epithelioid Vascular Tumors of Bone and Soft Tissue
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Introduction

Endothelial cells distinguished by their epithelioid morphology have been recognized for
many years. Rosai first characterized them as “histiocytoid” in appearance in 1979 and soon
thereafter they became known by the more popularized term "epithelioid". By the early and mid
1980's this nomenclature was incorporated into classification schemes of epithelioid vascular
tumors that included reactive, benign and malignant proliferations such as variants of bacillary
angiomatosis, epithelioid hemangioma, spindle cell hemangioma, epithelioid
hemangioendothelioma and epithelioid angiosarcoma. Subsequently, several new uncommon
entities including composite hemangioendothelioma and epithelioid sarcoma-like
hemangioendothelioma were described. As a group, these tumors can originate in a variety of
different organ systems however, most develop in the soft tissues and skeleton. The epithelioid
endothelial cell is common to them all, however, it is very important to distinguish amongst them
as they have significant differences in their clinical behavior and biological potential and
consequently their treatment and prognosis.

The Epithelioid Endothelial Cell

The hallmark of epithelioid endothelial cells is their polyhedral shape and abundant
densely eosinophilic cytoplasm which frequently contains one or more large vacuoles and their
large nuclei. The vacuoles represent the earliest stage of vessel lumen formation and may be
empty or contain intact or fragmented red blood cells. As vacuoles from neighboring cells fuse
they create vascular spaces of varying degrees of differentiation. This process is best developed
in the benign lesions where well-formed vessels are numerous and the lining epithelioid
endothelial cells bulge into the lumens in a “tombstone ““ or “hobnail-like” fashion. In malignant
neoplasms the tumor cells are often arranged in cords and sheets with only subtle evidence of
vessel lumen formation, which may only be in the guise of intracytoplasmic vacuoles. It is
important to note, however, that a solid cord or sheet-like growth pattern can be seen in all types
of epithelioid vascular neoplasms, irrespective of their biologic potential and should be
recognized as a key diagnostic pitfall because, in our experience, it can cause a benign lesion to



be misconstrued as a malignancy. As with many types of tumors, the histologic significance of
architecture in epithelioid vascular tumors must be evaluated in the context of other compelling
morphological features.

The nuclear features of the epithelioid endothelial cells vary according to the biologic
nature of the tumor. In reactive conditions and benign neoplasms they are hyperlobated, have
irregular or grooved membranes, vesicular chromatin and small or sometimes prominent
nucleoli. In the more aggressive tumors, namely, epithelioid hemangioendothelioma and
epithelioid angiosarcoma, the nuclei differ in that they exhibit a significantly greater degree of
pleomorphism and hyperchromasia.

Epithelioid endothelial cells express all of the characteristic vascular endothelial markers
including Ulex europeus lectin, Factor VIII related antigen, CD34, CD31, and Fli-1. Epithelioid
vascular tumors have not been systematically studied for the expression of GLUT-1 and D2-40,
however, the limited information available suggests that they are negative for GLUT-1 and
epithelioid hemangioendothelioma and angiosarcoma express D2-40. Additionally, epithelioid
endothelial cells frequently demonstrate strong and diffuse staining for a variety of molecular
weight cytokeratins and epithelial membrane antigen. This is another diagnostic hazard, as other
types of tumors composed of epithelioid cells that are in the histological differential diagnosis,
such as carcinoma and epithelioid sarcoma also express keratin and EMA.

Ultrastructurally epithelioid endothelial cells contain abundant ctyoplasmic filaments,
mitochondria, lysosomes, pinocytotic vesicles and Weibel-Palade bodies and are surrounded by
basal lamina.

No genetic abnormalities have been found to be specific for epithelioid endothelial cells.

Bacillary Angiomatosis

Bacillary angiomatosis (BA), previously known as epithelioid angiomatosis is a
distinctive reactive vascular proliferation elicited by infection by Bartonella (formerly
Rochalimaea) henselae and quintana organisms, which are small gram negative rods.
These pathogens are introduced into humans, who serve as reservoirs, by blood-sucking
arthropods (body louse- Pediculus humanus and cat flea) or in the case of the former by a
direct cat scratch or bite. Once infection occurs an intraerythrocyte bacteremia develops
and the organisms target endothelial cells where they grow within and around the cells.
These species of bacteria are unique in their ability to produce vasoproliferative lesions
by secreting mitogens which result in the development of new capillaries from
preexisting ones. Histologically, the proliferating endothelial cells can cause confusion
with epithelioid hemangioma, epithelioid hemangioendothelioma, Kaposi's sarcoma and
angiosarcoma.

BA usually occurs in immunocompromised hosts especially those infected with
HIV, however, it has also been reported to rarely involve immunocompetent persons.
The lesions present as erythematous cutaneous nodules that are frequently multiple and
may be wide spread. Extracutaneous lesions may also develop and have been reported in



the mucus membranes, lymph nodes, bone marrow, liver, spleen and soft tissue.
Clinically, the cutaneous manifestations can mimic pyogenic granuloma, Kaposi's
sarcoma and angiosarcoma.

Microscopically, the vascular proliferation in BA has a spectrum of findings. The
vessels are frequently arranged in vague lobules and range from small, well formed
capillaries lined by flattened to plump endothelial cells to interanastomosing cords and
nests of epithelioid endothelial cells. The epithelioid endothelial cells may have
prominent nucleoli, cytoplasmic vacuoles, numerous mitoses and regions of necrosis.
Present in all cases are interstitial edema, and perivascular collections of neutrophils with
karyorrhectic and fine granular basophilic debris. The Warthin-Starry silver stain shows

clumps of pleomorphic bacilli 1 to 3 microns in length located in the areas of basophilic
debris.

Cutaneous BA is polypoid, frequently ulcerated and its base is surrounded by a
hyperplastic squamous collarette. These architectural features as well as the lobular
distribution of the vessels can mimic pyogenic granuloma. However, pyogenic
granuloma lacks the diffuse infiltrate of neutrophils and granular debris and importantly,
epithelioid cells are either not prominent or are absent. The presence of neutrophils and
granular debris are also helpful in separating BA from epithelioid hemangioma.
Epithelioid hemangioendothelioma lacks the inflammation and micro-organisms but also
has a prominent myxoid or hyaline stroma that is not present in BA. Epithelioid
angiosarcomas show a greater degree of cytologic atypia, atypical mitoses and do not
have a significant inflammatory infiltrate and certainly no micro-organisms.

Treatment is the administration of antibiotics, namely erythromycin which result
is resolution of the lesions. Untreated, patients can develop fatal systemic disease.

Epithelioid Hemangioma

Epithelioid hemangioma, previously designated angiolymphoid hyperplasia with
eosinophilia and histiocytoid hemangioma, is a well recognized clinicopathologic entity. It has
been most extensively documented in the skin and subcutis, and has also been described in bone,
lymph nodes, lung, penis, eye, tongue, breast, arteries, colon, heart, spleen, and testis. The
skeleton, it turns out, is probably the second most common location for this benign neoplasm.

In the superficial tissues epithelioid hemangioma usually presents as a solitary or cluster
of small, pink to red-brown, dome-shaped nodules in the head and neck region of adults.
Typically, the tumor has been noted months to several years prior to diagnosis and a few patients
may also have associated regional adenopathy. In our experience with over 50 cases arising in
bone, the patients range in age from 10-75, average 35 years and present with pain localized to
the involved site. In the skeleton the tumors tend to involve the long tubular bones (38%), distal
lower extremities (18%), flat bones (18%), vertebrae (16%), and small bones of the hands (8%).
Radiographically, epithelioid hemangioma is lytic with well-defined margins. In a minority of
instances the tumor is expansive, and especially in the small tubular bones, there may be cortical
destruction and a periosteal reaction in conjunction with a soft tissue mass.



Epithelioid hemangioma of the skin and subcutis is multifocal in as many as 50%,
whereas, only 18% of those developing in the skeleton affect more than one bone. Involvement
of widely separate sites, including simultaneous involvement of skin and bone and skin and
lymph node is uncommon.

Epithelioid hemangioma of the skin and subcutis ranges in size from 0.2 to 8 cm, whereas
in bone they are often larger varying in size from 2.5-15 cms (mean 5 cm). The tumors are solid,
well-circumscribed, tan-red and hemorrhagic and have a lobular architecture. In the skin and
subcutis they are often associated with a large caliber, thick-walled vessel that exhibits changes
suggestive of previous injury.

The hallmark of epithelioid hemangioma is large polyhedral endothelial cells that either
line numerous well-defined vascular spaces or grow in solid cords and sheets which can produce
a densely cellular mass. The tumor cells have oval, kidney bean shaped, lobated, grooved,
vesicular nuclei with variably sized nucleoli. The cytoplasm is eosinophilic, abundant and some
cells contain conspicuous, round, clear, cytoplasmic vacuoles which may harbor fragments of red
blood cells. In some cases, there is abundant intralesional hemorrhage which is usually
associated with proliferating, cytologically bland, spindle cells. Nuclear atypia, mitotic activity
and necrosis are generally limited. The stroma frequently contains a prominent inflammatory
cell infiltrate rich in lymphocytes, including follicles with germinal centers, and variable
numbers of eosinophils and other mononuclear cells. In some cases, particularly those in bone,
the inflammatory infiltrate is sparse or absent all together.

Epithelioid hemangioma of the skin and subcutis has limited growth potential, and is
usually not very aggressive. Accordingly, marginal surgical excision is generally the treatment
of choice, which is associated with non-aggressive recurrences in approximately one-third of
cases. Rare examples of tumors spontaneously resolving have been reported.

Treatment of bone tumors usually consists of intralesional curettage or local
resection. Untreated tumors have usually remained stable, and recurrences have been
relatively infrequent.

No metastases have been reported, however, tumors involving bone and other
distant sites and types of tissue which likely reflects multicentric disease, have rarely
been described. Evans et al. argue that these latter cases are manifestations of metastases
and use this to bolster their opinion that epithelioid hemangioma (as defined in the skin
and subcutis) of bone is non-existent and simply represents a misdiagnosed
hemangioendothelioma - a tumor with metastatic potential. Evidence they cite to support
this assertion, I feel, is not very convincing, and includes the observations that epithelioid
hemangioma of bone usually does not involve medium or large-sized vessels, especially
arteries, and shows a greater degree of histologic variability. In contention, medium to
large-sized vessels are normally not present in the medullary cavity of bones, and small
vessels, if indeed the site origin may be obliterated by the expanding tumors (which are
usually larger than those originating in the skin and subcutis). Additionally, most, if not
all, of the morphologic variants observed in osseous tumors have been described in
classic lesions originating in the skin. Also relevant is the fact that
hemangioendothelioma of bone, not otherwise specified or qualified, is not a distinct
diagnostic entity in current classification systems.



Epithelioid hemangioma can be confused with various benign diseases and
neoplasms. It simulates eosinophilic granuloma because of the tissue eosinophilia and
the morphologic characteristics of the endothelial cells. However, the Langerhans cells in
Langerhans cell histicytosis do not have cytoplasmic vacuoles, do not form vascular
lumens, are S-100 protein positive and Factor VIII negative and have different
ultrastructural features. Kimura's disease differs from epithelioid hemangioma in the
clinical findings and the absence of epithelioid endothelial cells.

Epithelioid hemangioma can be difficult to distinguish from epithelioid
hemangioendothelioma and angiosarcoma. This is most evident in cases in which the
endothelial cells tend to grow in solid sheets and arise in blood vessels with infiltration
through the vessel walls into the surrounding soft tissue. The lack of myxoid-hyaline
stroma, hyperchromasia, atypical mitoses, necrosis and anastomotic network as well as
the presence of the inflammatory infiltrate are important differential points.

Spindle Cell Hemangioma

Spindle cell hemangioma (SCH) is a morphologically unusual vascular tumor that

was first described by Weiss and Enzinger in 1986 as a variant of a

hemangioendothelioima. Subsequently it has been recognized as a benign lesion whose

hallmark is the admixture of cavernous hemangioma-like and Kaposi's sarcoma-like
spindle cell regions.

SCH develops in all age groups but approximately 50% of patients are

young adults in the 3rd-5th decade of life; the sexes are equally affected.
Clinically, the tumor presents as a painless firm superficial mass that has usually
been present for years or even a decade prior to diagnosis. In approximately
40% of patients the lesions are multifocal, but, tend to involve a single localized

area of the body.

SCH commonly arises in the dermis and subcutis of the distal extremities; tumors
originating in bone are extraordinarily rare. It is not uncommon for them to involve or be
completely intravascular in growth (50%) and this may be the mechanism by which
multiple lesions arise in a relatively restricted region. Grossly, the mass is red-blue,
nodular and ranges from several millimeters to several centimeters in greatest dimension.
Histologically, SCH is composed of two elements, which share some histologic features.
The first is a cavernous hemangioma-like component consisting of large, dilated, thin-
walled vascular spaces that are lined by flattened or somewhat plump cytologically banal
endothelial cells. Occasionally the lumen is expanded by calcified thrombi or phleboliths.
Surrounding and admixed with the cavernous spaces is the second element which consists



of fascicles of spindle cells that likely represent a combination of collapsed vessels,
fibroblasts, and cells with features of pericytes. Some of the spindle cells delineate slit-
like vascular spaces that are filled with red blood cells. The spindle cells have elongate
nuclei containing finely granular chromatin and small nucleoli. They are not
pleomorphic and there is minimal mitotic activity. Scattered amongst the spindle cells
are cords and small groups of larger epithelioid cells that have vacuolated cytoplasm.
Some of the vacuoles contain red blood cells and others are large and empty mimicking
adipocytes.

Immunohistochemically, the cells lining the cavernous spaces express
endothelial markers, however, the spindle cells are frequently negative. A variety
of etiologies have been proposed for the development of SCH including a
reactive process caused by bouts of repeated thrombosis and recanalization,
hamartomatous growth, and neoplastic proliferation. Interestingly, SCH has
been described in patients with a variety of disease including Maffucci's

syndrome, congenital lymphedema, and Klippel-Trenaunay syndrome.

In addition to the other epithelioid vascular tumors, Kaposi’s sarcoma is an
important lesion in the differential diagnosis of SCH. Kaposi's sarcoma occurs in chronic,
lymphadenopathic, transplantation associated and AIDS related forms. Clinically, SCH
and AIDS related Kaposi's sarcoma have some overlapping features in that they affect
young adults, are frequently superficial in location, and have a tendency to be multifocal.
However, an important difference is that patients with SCH have not been reported to be
infected with HIV. Histologically, SCH and Kaposi's sarcoma can be distinguished
because Kaposi's sarcoma does not have cavernous areas or epithelioid cells, and SCH
does not demonstrate the hyaline globules seen in some of the cells of Kaposi's sarcoma.
Although the clinical course of Kaposi's sarcoma is variable it is more aggressive than
SCH and in the AIDS related variant involvement of lymph nodes and viscera is
common. Also, Kaposi’s sarcoma has been shown to be closely related to human herpes
virus 8 which has not been described in SCH.

The recommended initial treatment of SCH is conservative excision. In
more than 50% of cases, however, new lesions may develop in the same region

and they may either be followed or excised.



Epithelioid Hemangioendothelioma

Epithelioid hemangioendothelioma (EHE) is an uncommon endothelial tumor that most
frequently arises in the soft tissues, liver, lung, and skeleton. It usually behaves as a low-grade
sarcoma, however, a minority are aggressive and life threatening. Cytogenetic studies have
revealed inconsistent findings including a t(1;3)(p36;25), t(10;14)(p13;q24) and gains and
deletions involving chromosomes 11 and 12.

Epithelioid hemangioendothelioma can be seen in most age groups and has its peak
frequency in the 2™ and 3™ decades. The tumor affects males and females equally and develops
in whites disproportionately more often than members of other races. In the soft tissues the
tumor presents as slowly growing somewhat painful solitary mass that arises in the subcutis or
the deeper muscle. Frequently, it is angiocentric and is associated with a medium sized vessel,
especially a vein.

In contrast, tumors that develop in the skeleton demonstrate multifocal involvement in
approximately one-third to one-half of cases and involvement may be in the form of multiple
sites in a single bone or separate lesions in multiple bones simultaneously. The tumor tends to
arise in the extremities, pelvis and spine. In the extremities, the long bones, as well as the small
bones of the hands and feet are commonly involved and typically cause localized pain that may
be associated with swelling. Some patients also have disease in the soft tissues, liver or lung at
the time of diagnosis of the skeletal disease. The radiographic features are variable; most lesions
range in size from 1-5 cm and are round or elongate and predominately lytic. The margins may
be well delineated or poorly defined, and the adjacent bone is usually sclerotic.

Epithelioid hemangioendothelioma is pale tan in color, and lacks the red,
hemorrhagic appearance of conventional hemangiomas. Microscopically, it is
composed of large epithelioid and spindle endothelial cells with round or elongate
nuclei, prominent nucleoli, and abundant eosinophilic cytoplasm. Intracytoplasmic
lumens appear as vacuoles that may contain intact or fragmented red blood cells. The
vacuoles may coalesce to form primitive vascular channels, recapitulating embryonic
angiogenesis, however well-formed blood vessels are not prominent in most cases.
Instead, the tumor cells are arranged in cords and nests which are embedded within a
myxoid to hyalinized ground substance that may resemble cartilaginous matrix. Only in
a minority of cases is a prominent inflammatory infiltrate present. In some cases the

spindle cells are prominent and are arranged in intersecting fascicles. The neoplastic



cells generally show limited cytologic atypia and mitotic activity, but in some cases,
nuclear hyperchromasia and pleomorphism are significant and mitoses numerous,

making it difficult to distinguish the neoplasm from high-grade angiosarcoma.

The tumor cells express the full spectrum of immunohistochemical endothelial
markers including Factor VIIl, CD34, and CD31 and, like epithelioid endothelial cells in
general, may also exhibit intense and extensive positive staining for keratin and
epithelial membrane antigen. The tumor cells usually do not stain with antibodies to S-
100 protein, and desmin. Ultrastructurally, the neoplastic cells contain abundant
intermediate filaments, pinocytotic vesicles, intracytoplasmic lumens and basal lamina

material.

Epithelioid hemangioendothelioma is treated by complete surgical excision if feasible.
However, multifocal lesions may be difficult to excise and may require radiation or thermal ablation.
Soft tissue primaries metastasize in almost 50% of cases, but many of these involve regional lymph
nodes. Only 10-15% of patients with cytologically banal tumors die of disease reflecting their
somewhat indolent growth and ability to be cured by excision of metastatic sites, when present.
Predicting the outcome for patients with osseous epithelioid hemangioendothelioma is problematic as
the clinical behavior is not always predicted by the morphologic features of the tumor. In one large
series, 20% of patients succumbed to disease; of those who died most had concurrent visceral tumors.
In the absence of parenchymal organ involvement, epithelioid hemangioendothelioma of bone usually
behaves in an indolent fashion and infrequently metastasizes. They may locally recur following
curettage or slowly enlarge and destroy bone if left untreated.

The differential diagnosis of epithelioid hemangioendothelioma includes other epithelioid
vascular neoplasms particularly epithelioid hemangioma and angiosarcoma. Epithelioid
hemangioendothelioma is distinguished from epithelioid hemangioma by its characteristic
hyalinized stroma and the paucity of well-formed vessels. Angiosarcoma also lacks the
hyalinized stroma and usually shows a greater degree of cytologic atypia and mitotic activity.
The epithelioid features of the tumor cells, their cohesive nature, and intracytoplasmic vacuoles
can also mimic metastatic adenocarcinoma. The staining of tumor cells of epithelioid
hemangioendothelioma for epithelial markers can further complicate this distinction.
Accordingly, immunohistochemistry employing antibodies directed against endothelial markers
should be performed on unusual epithelioid tumors of bone. Fortunately, metastatic carcinomas
do not stain for endothelial markers, and the myxoid or hyalinized stroma is distinct from the



desmoplasia seen in metastatic carcinoma. The cells in cartilaginous tumors do not form
cohesive nests, stain immunohistochemically for S-100 protein, and are negative for endothelial
markers.

Composite Hemangioendothelioma

Composite hemangioendothelioma is a rare neoplasm composed of elements that recapitulate
vascular tumors of different types that range in biology from benign to malignant. Less than 20
cases have been reported and most have affected young and middle aged adults; several patients
have been young children. The tumors tend to arise in the dermis or subcutis and three cases
have originated in the oral cavity. One patient had Maffucci’s syndrome. The tumors present as
a slowly enlarging mass of frequent long duration, in fact, in some instances, the tumors were
first noted at the time of birth. ~Composite hemangioendotheliomas are poorly defined and
infiltrative and the dominant histologic component is a central area of retiform
hemangioendothelioma admixed and surrounded by areas that have the appearance of epithelioid
hemangioendothelioma. Other components that have been noted include foci that display the
features of spindle cell hemangioma, lymphangioma, angiomatosis, arteriovenous malformation,
and angiosarcoma. The angiosarcoma element is usually present in only small amounts.

Biologically, composite hemangioendothelioma is locally aggressive and has recurred in
approximately 50% of cases, but has only rarely metastasized (lymph nodes and soft tissue).
Excision with negative margins is the goal of therapy, however, this may be difficult to achieve
because of the large size of some of the lesions.

Epithelioid sarcoma-like Hemangioendothelioma

Epithelioid sarcoma-like hemangioendothelioima is another very rare type of epithelioid
vascular neoplasm of low grade malignancy. Only seven cases have been reported and they tend
to arise in young adults (17-54, mean 23 years) within the superficial or deep soft tissues, most
frequently the extremities. The tumors are usually several centimeters in size and grow as
nodule or sheets of large cells with prominent deeply eosinophilic glassy cytoplasm. Many of
the cells are polyhedral and they sometimes blend with those that are spindle shaped. The nuclei
are gun metal gray and demonstrate minimal to moderate atypia; mitoses are infrequent.
Vascular channel formation and hemorrhage are absent, however, intracytoplasmic vacuolization
suggestive of cytoplasmic lumen formation is often noted. Immunohistochemically, the tumors
expres keratin, EMA, CD 31, and Fli-1, but are negative for CD 34. Biologically these tumors
have demonstrated recurrence following excision and local soft tissue metastasis.

The differential diagnosis includes epithelioid sarcoma and epithelioid
hemangioendothelioima. Epithelioid sarcoma differs in that it is usually composed of nodules of
tumor with central necrosis, which is lacking in epithelioid sarcoma-like
hemangioendothelioima, and is negative for CD 31, but positive for CD 34. Epithelioid
hemangioendothelioma differs morphologically in that the tumor cells grow in cords, have a
myxohyaline stroma, and frequently arise from a vessel.

Epithelioid Angiosarcoma



Epithelioid angiosarcoma refers to a variant of angiosarcoma that is composed of neoplastic
cells that have an epithelioid morphologic appearance. These tumors are usually poorly
differentiated and biologically aggressive. Epithelioid angiosarcoma is the most aggressive of
epithelioid vascular tumors and has been described to arise in a variety of different organs
including skin, soft tissue, bone, adrenal, breast, bladder, lung, thyroid, gastrointestinal tract,
heart, and great vessels.

In our experience most angiosarcomas of soft tissue and bone are of the epithelioid type. All
age groups are affected but the majority of patients are middle aged adults. Some tumors may
arise in the background of previous radiation, in an arterio-venous fistula, be associated with
genetic diseases such as neurofibromatosis, Klippel-Trenaunay, and Maffucci’s syndromes, or
arise in association with a different type of neoplasm. In the soft tissues these tumors usually
present as a rapidly growing aggressive mass in the superficial or deep soft tissues of the
extremities, followed by the trunk and head and neck. In the skeleton the long bones, especially
the femur are frequently affected followed by the spine and small bones of the distal extremities;
approximately 60% of bone lesions are multifocal. Radiographically, the tumors present as lytic,
poorly defined masses that frequently destroy the cortex and extend into the soft tissues.

The tumors are friable hemorrhagic masses that range in size from several centimeters to
greater than 14 cms. Histologically, they grow with an infiltrative pattern and are composed of
large polyhedral cells with prominent nucleoli and abundant eosinophilic cytoplasm that may
contain clear vacuoles similar to those in the other types of epithelioid endothelial cell tumors.
The cells may grow in solid sheets, form well-developed vascular channels, assume papillary
structures mimicking papillary endothelial hyperplasia, and contain cystically dilated spaces
filled with blood. In many cases the epithelioid cells transition into those that are spindle shaped
which can be arranged in fascicles. Nuclear pleomorphism is severe, mitoses including atypical
forms are often numerous, hemorrhage is abundant, and necrosis is commonplace. In some
tumors a prominent neutrophilic may be present.

Immunohistochemically, the tumors express one or more of the endothelial markers including
Factor 8 related antigen, CD 31, CD 34 and Fli-1. A significant percentage of cases also strongly
express keratin and EMA.

Ultrastructurally the epithelioid cells are frequently surrounded by basal lamina, and
have intercellular and intracellular lumina. Intermediate filaments arranged in whorls are
common, pinocytotic vesicles are usually seen and some tumor cells have tonofilament-like
structures. Weibel-Palade bodies are rare or absent.

Biologically these tumors are aggressive and need to be treated with side complete excision, if
possible. At least 50% of patients with soft tissue epithelioid angiosarcoma and almost all
patients with bone primaries die of metastatic disease.

The differential diagnosis includes a variety of lesions, but one of the most important is
metastatic carcinoma. Metastatic carcinoma can be difficult to distinguish from epithelioid
angiosarcoma, especially in the skeleton. Both tumors can involve multiple bones, affect older
individuals, and are composed of sheets of epithelioid tumor cells that may express epithelial
markers. Helpful histologic features in correctly identifying epithelioid angiosarcoma include the



presence of well-formed vascular channels, cytoplasmic vacuoles that are mucin negative and
contain intact or fragments of red blood cells, and an intratumoral neutrophilic infiltrate. Lastly,
most carcinoma do not express endothelial markers.
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Introduction

The normal growth plate demonstrates chondrocytes in different stages of proliferation
and differentiation (1). This process is tightly regulated amongst others by the Indian
hedgehog (IHH) / ParaThyroid Hormone Like Hormone (PTHLH) pathway (2). During
the past years parallels between chondrocyte growth and differentiation in the growth
plate and in tumours have become obvious. This was highlighted by the identification of
the EXT genes mutated in MO and their involvement in signalling pathways in the normal
growth plate. Moreover, cartilaginous tumours are nearly exclusively found in bones
arising from endochondral ossification. Cartilage tumours constitute a heterogeneous group
of neoplasms that have in common the production of cartilage matrix by tumour cells. In
analogy with haematopoietic malignancies, it is becoming clear that the different different
cartilaginous tumours represent different stages of chondrogenesis.

Osteochondroma and secondary peripheral chondrosarcoma

Osteochondroma is a mostly asymptomatic cartilage capped bony outgrowth
representing ~35% of all primary benign bone tumours (3). They develop and increase in
size in the first decade, ceasing to grow when the growth plates close at puberty.
Osteochondromas morphologically resemble the normal growth plate. Malignant
transformation towards secondary peripheral chondrosarcoma is low (<1% of cases).
About 17% of osteochondromas arise in the context of multiple osteochondromas (MO)
syndrome (4), an autosomal dominant disorder (5;6). Osteochondroma was initially
considered a disturbance in the orientation of normal bone growth. It is now regarded a
true neoplasm, based on cytogenetic abnormalities, aneuploidy and loss of heterozygosity
(LOH) found in the cartilaginous cap (7-9). In MO malignant transformation towards
secondary peripheral chondrosarcoma occurs in 1-5% (5;10).

Two genes, EXTI and EXT2, have been identified for MO (11-13). EXT
expression is confined to proliferating and prehypertrophic chondrocytes of the growth plate
(14). The gene products catalyze heparan sulphate (HS) polymerization (15-18). HS
proteoglycans (HSPG) are large macromolecules composed of HS chains linked to a protein
core. In Drosophila EXT proteins are required for gradient formation of wingless (Wg;
human homologue: Wnt), Hedgehog (Hh; human homologues Indian Hh, Sonic Hh and
Desert Hh)) and decapentaplegic (Dpp; human homologues TGF-beta and BMP signalling))
(19-24).

Loss of the remaining EX71 wild type allele was demonstrated in hereditary
osteochondromas (9). In sporadic solitary osteochondromas £X7/ homozygous deletions
are found (25) confined to the cartilaginous cap, confirming that two hits are required for



both sporadic and hereditary osteochondroma development. At the expression level EXT
mRNA levels are low. In both solitary and hereditary osteochondromas decreased
expression and intracellular accumulation of shorter or less complex HS chains as well as
HSPGs was found (26). Of the pathways predicted to be affected by defective HSPGs
IHH signalling was shown to be active in osteochondroma (27), while being
downregulated in peripheral chondrosarcoma (27). PTHLH signalling, downstream of
IHH, is however absent in osteochondroma (28;29) and active in peripheral
chondrosarcoma (27;28). Moreover, Bcl-2, which is a downstream effector of PTHRI,
can be used as a diagnostic marker for secondary peripheral chondrosarcoma (28). TGF-
beta is a good candidate to stimulate PTHLH signalling in the absence of IHH (27). FGF
signalling is absent in osteochondroma (29).

Osteochondroma look-alikes

Dysplasia Epiphysealis Hemimelica (DEH) and metachondromatosis (MC) are
cartilage lesions to be considered in the differential diagnosis of solitary and hereditary
osteochondromas. Both are rare disorders with DEH demonstrating cartilaginous
overgrowth of an epiphysis (30;31) and MC exhibiting synchronous enchondromas and
osteochondromas (32-34). While DEH is non-hereditary, MC has an autosomal dominant
mode of inheritance (32-34) but the disorder has not been mapped in the human genome
so far. Histologically, clumping of chondrocytes within a fibrillary chondroid matrix is
characteristic for DEH, while osteochondromas and MC display the characteristic growth
plate architecture (35). The EXT genes are normally expressed in DEH and MC.
IHH/PTHLH signalling molecules were expressed in DEH and MC suggesting this
pathway to be active (35). This is in contrast to osteochondroma in which PTHLH
signalling is downregulated. Thus, lesions of DEH and MC are separate entities from
osteochondroma as confirmed by their different cDNA and protein expression profiles.
EXT downstream targets, downregulated in osteochondroma, are expressed in DEH and
MC, suggesting EXT signalling is not disturbed.

Enchondroma and central chondrosarcoma

Enchondroma usually presents in the long bones in the third or fourth decade (36).
Malignant transformation towards conventional central chondrosarcoma occurs in <1%
of cases (4). Conventional central chondrosarcoma is designated as such based on its
location centrally within the medullar cavity and is the most common chondrosarcoma
subtype. Conventional chondrosarcoma is classified into three grades predicting local
recurrence and metastasis (37). Our previous studies have shown that central and
peripheral chondrosarcoma, despite similar morphology, have a different genetic
background (38). The EXT genes, that are involved in the genesis of osteochondroma and
secondary peripheral chondrosarcoma, are not affected in central chondrosarcoma, since
EXT expression levels are normal (Schrage et al, manuscript submitted) and mutations
are absent. [HH signalling in enchondromas and chondrosarcomas was shown to be less
active as compared to growth plate specimens (39). However, the hedgehog target genes
PTCHI1 and GLII1 are expressed (39;40). Moreover, chondrosarcoma cell proliferation
could be decreased using inhibitors of hedgehog signalling, suggesting that hedgehog
signalling is important for central chondrosarcoma cell proliferation (40). PTHLH
signalling is active in enchondroma and central chondrosarcoma and increases with



histological grade stimulating chondrocyte proliferation (29;39;41-43). In vitro the
treatment of chondrosarcoma cells with an anti-PTHrP antibody induces apoptosis and
accelerates differentiation of the chondrocytes (44).

While most enchondromas are solitary, some patients demonstrate multiple
enchondromas with a marked unilateral predominance particularly affecting the limbs
(45), known as Ollier disease. The risk of malignant transformation is increased (10-35%)
(45). In 2002 a mutation was reported in the Parathyroid Hormone Receptor type I
(PTHRI) gene in 2 of 6 patients with Ollier disease (46). However, in a large multi-
institutional series of 31 patients no mutations were found, suggesting PTHR1 may be the
responsible gene in only a small minority of patients (47).

Chondroblastoma

Chondroblastoma accounts for approximately 1% of benign bone tumours and is
characterized by high cellularity with relatively immature, rounded or polygonal,
chondroblast-like cells, admixed with multinucleated osteoclast like giant-cells. Small
arcas of chondroid matrix with focal calcification can be found (48). Electron
microscopy, histochemical analysis and tissue culture have shown that the predominant
cell is most similar to an epiphyseal chondrocyte, suggesting a chondrogenic origin of
chondroblastoma, with the giant cells being reactive (49). Studies of the extracellular
matrix composition and gene expression patterns demonstrate that osteoid and fibrous
matrix is being formed, suggesting that chondroblastoma is a bone-forming rather than a
cartilage-forming neoplasm (50). However, EXT downstream targets were studied and in
chondroblastoma growth plate signalling pathways were shown to be active since
components of both IHh/PTHrP as well as FGF signalling are expressed (51). This
suggests chondroblastoma to originate from a mesenchymal cell committed towards
chondrogenesis (51).

Chondromyxoid fibroma

Chondromyxoid fibroma is a rare benign tumour comprising less than 1% of all
skeletal neoplasms. It is characterized by lobularly arranged areas of spindle or stellate
cells with abundant mucomyxoid or chondroid matrix, separated by more cellular areas
with spindle-shaped or rounded cells admixed with a varying number of multinucleated
giant cells (48). As for chondroblastoma, a cartilaginous origin was originally proposed,
based on ultrastructural studies and positive S-100 immunohistochemistry (52).
Histologically, the morphological features resemble different steps of chondrogenesis in
terms of cellular morphology (ranging from spindled to rounded cells) and extracellular
matrix (ranging from fibrous to cartilaginous). There is a striking resemblance to normal
chondrocytes in 3D culture (53). However, despite morphological similarities, PTHrP
signaling was higher in articular chondrocyte pellets as compared to chondromyxoid
fibroma, while Bcl-2 was absent (53), suggesting Bcl-2 to be crucial for neoplastic
chondrogenesis.

Rare chondrosarcoma subtypes

Based on cell type/differentiation, matrix formation and architecture, combined with
radio-diagnostic and clinical presentation several rare subtypes of chondrosarcoma are
discerned, together constituting approximately 15% of all chondrosarcomas. These



include dedifferentiated chondrosarcoma, mesenchymal chondrosarcoma and clear-cell
chondrosarcoma.

Dedifferentiated  chondrosarcoma  represents approximately 10% of all
chondrosarcomas and is a highly anaplastic sarcoma next to a (usually low-grade)
malignant cartilage-forming tumour, with a remarkably sharp interface between both
components (54). This bears histological similarities to the process of dedifferentiation
that occurs in chondrocytes in vitro in which chondrocytes become spindle shaped and
loose the expression of cartilage specific molecules (55). The tumour bears a dismal
prognosis (56). The rare genetic reports on dedifferentiated chondrosarcoma demonstrate
that both components share identical genetic aberrations (57;58) with additional genetic
changes in the anaplastic component (57-60) indicating a common precursor cell with
early diversion of the two components. Growth plate signalling molecules have not yet
been studied in dedifferentiated chondrosarcoma.

Mesenchymal chondrosarcoma constitutes <2% of all chondrosarcomas and is a highly
malignant lesion characterized by scattered areas of differentiated cartilage admixed with
undifferentiated small round-cells occurring in bone and soft tissue of young patients (61).
The undifferentiated cells bear some resemblance to the resting cells of the growth plate.
Indeed, studying cell differentiation and matrix gene expression, all steps of chondrogenesis
are found in mesenchymal chondrosarcoma, suggesting it to be a neoplasm of differentiating
pre-mesenchymal chondroprogenitor cells (reviewed in (55)). Moreover, SOX-9, the master
regulator of chondrogenic differentiation, is expressed by the small cells of mesenchymal
chondrosarcoma confirming phenotypic similarities to early chondrogenic condensation
(62). Immunohistochemical analysis of 3 cases demonstrated activity of protein kinase C (c-
PKC)-alpha and PDGFRa pathways and expression of the anti-apoptotic protein BCL2,
confirming the similarities to mesenchymal cells involved in chondrogenesis (63). IHH
expression was shown to be restricted to the matrix rich areas, but nothing is known about
the activity of the pathway (64).

Clear cell chondrosarcoma accounts for <2% of all chondrosarcomas and is a low-
grade malignant lesion characterized by tumour cells with clear, empty cytoplasm,
strongly resembling the hypertrophic cells of the growth plate. This was confirmed by the
expression of collagen type X and osteonectin (55). Expression of PTHLH has been
demonstrated suggesting PTHLH signaling to be involved in proliferation (65).
Expression of IHH was shown by immunohistochemistry (64) but nothing is known
about the activity of the pathway.

Conclusion

The elucidation of the EXT genes for multiple osteochondromas and their function
initiated the investigation of growth plate signaling molecules in the different benign and
malignant cartilage tumours. Similar to the classification of haematopoietic malignancies,
based on morphology, on the phenotypic expression of differentiation markers such as
collagen types and on the expression of growth plate signaling molecules, the
classification of cartilaginous tumours is better delineated, with each subtype
representing a different phase in chondrocyte differentiation.
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Key Points
e (D117 staining intensity does not predict imatinib response
¢ Kinase mutations are important in GIST biology
— KIT mutations are most common in exons 9 (10%) and 11 (65%)
— PDGFRA mutations occur in ~7% of GISTs
— About 15% of GISTs have no detectable mutation (‘wild-type” GISTs)

e The best predictor of imatinib response is kinase genotype

KIT exon 11 KIT exon 9 Wild-type
Objective response 64-67% 34-37% 23-37%
Progressive disease 3% 17% 19%
Progression-free survival 25-27 mo 9-16 mo 13-14 mo

e (CDI117-negative GISTs often have KIT mutations and respond to imatinib

e Up to one third of PDGFRA mutations are potentially sensitive to imatinib and

other kinase inhibitors

e Reasons against genotyping GISTs:
— Cost (3600 to $1100)
— Time (2-4 weeks)

— Not necessary for a routine diagnosis of GIST

e Reasons for genotyping GISTs:

— Molecular confirmation in unusual cases

— Predicting benefit of imatinib in the treatment of advanced cases

— Decisions regarding adjuvant use of imatinib

— Dose selection: some oncologists favor 800 mg for KI7 exon 9 tumors



Introduction

During the past decade, gastrointestinal stromal sarcomas (GISTs) have emerged
from historic anonymity to center stage in the emerging field of molecularly targeted
therapies for solid tumors. The nearly simultaneous discovery of oncogenic kinase
mutations in GISTs and the introduction of kinase inhibitor therapies have led to a rapid
evolution in our understanding of these tumors and the biology that defines them. The
pace of these developments has been greatly accelerated by interfacing translational
research studies with observations made in patients, that is, moving from the bench to the
bedside and back again. While parallel stories are emerging in adenocarcinoma of the
lung, renal cell carcinoma, colorectal carcinoma and breast carcinoma, lessons learned
from the molecularly targeted treatment of GISTs provide a remarkably informative
picture of the advantages and limitations of targeted therapeutics, or so-called ‘biologics.’

Historical Emergence of GIST

GI stromal sarcomas are mesenchymal neoplasms that arise in the muscle wall of
the gastrointestinal tract, usually the stomach or small bowel, and may spread over
serosal surfaces in the abdomen and/or form metastases in the liver. The tumors range
from less than 1 cm to more than 40, with an average of around 5 cm. They are generally
well-circumscribed, have a fleshy pink/tan cut surface, and may show areas of
hemorrhagic necrosis and cystic degeneration.

In the 1950s, GISTs were classified as members of the smooth muscle family of
tumors, which is understandable given the prominent spindle cell morphology in these
tumors and their association with the muscularis propria. With the introduction of
electron microscopy, and subsequently of immunohistochemistry, the notion that GISTs
are a distinct entity began to take hold, leading to the proposal in 1983 by Mazur and
Clark that they be called “stromal tumors”.! Ten years later, the observation that most
stromal tumors arising in the GI tract are immunopositive for CD34 led to general
acceptance of this new classification. During the 1990’s a number of investigators noted
similarities between GISTs and the interstitial cells of Cajal, which are the pacemaker
cells for gut peristalsis. Studies during this period showed that Cajal cells express KIT
tyrosine kinase (CD117) and are developmentally dependent on this kinase.” This led to
publications by two groups in 1998 showing that GISTs commonly express CD117." It
is now well established that 95% of GISTs are unequivocally positive for CD117.

GIST Diagnosis

The introduction of CD117 as a marker for GIST helped to define the range of
morphologies observed in these neoplasms, from rather bland spindle cell proliferations
to highly cellular epithelioid tumors with significant nuclear pleomorphism. The
spectrum of CD117 staining in GISTs is considerable, both in intensity and in cellular
distribution. KIT is a glycoprotein receptor tyrosine kinase that normally resides at the
cell surface, but there is evidence that mutant KIT can accumulate intracellularly, which
may explain the prominent cytoplasmic staining in many GIST cases. Expression of S-
100, smooth muscle actin and muscle specific actin is evident in 10-30% of cases, but
strong staining for desmin is rare and should raise doubts about the diagnosis of GIST. It
should be noted that approximately 5% of GISTs are negative for CD117 expression —




the so-called KIT-negative GISTs. As discussed below, kinase genotyping can provide a
molecular confirmation of the diagnosis in such tumors.

Other immunomarkers may prove useful in sorting through the long morphologic
differential for GISTs. For example, PKCO is a member of the protein kinase C family
that is expressed in virtually all GISTs and very few other cell types.
Immunohistochemical staining for PKCO has been documented in GISTs, but the
commercially available antibodies to this protein have high backgrounds.>” Staining for
PDGF receptor alpha (PDGFRA), a receptor tyrosine kinase that is closely related to
KIT, has been explored as a means of identifying KIT-negative GISTs, but PDGFRA is
expressed in other mesenchymal tumors and a high quality commercial antibody has yet
to emerge. More promising is DOG-1 (Discovered On GIST-1), a surface membrane
protein of unknown function.®(van de Rijn et al., in press) A polyclonal DOG-1 antibody
is now available and a monoclonal may be marketed in 2008.

Clinical Features

GISTs most commonly present in the stomach (60%) and small intestine (25%),
but they also occur in the colon, rectum, esophagus, mesentery and omentum (15%
together). Case reports and small series have established that GISTs occasionally arise in
the appendix, the gallbladder, the retroperitoneum, and in para-vaginal and para-prostatic
tissue. Primary GISTs do not develop outside of the abdomen.

Based on a number of epidemiological studies, the annual incidence of new GIST
cases in the U.S. is estimated between 3,300 and 6,000. The mean age at diagnosis is
around 60 years.” Only 2.7% of gastric GISTs and 0.6% of small bowel GISTs are
detected in patients under 21 years.

Clinical symptoms associated with GIST include fatigue, abdominal pain,
dysphagia, satiety, and obstruction. Rarely, patients will suffer tumor-related
hypoglycemia. The workup often reveals anemia related to mucosa bleeding or intra-
tumoral hemorrhage. Following resection, GISTs may recur locally, spread throughout
the serosal surfaces of the abdomen and/or metastasize to the liver. Advanced disease is
associated with metastases to distant sites, including lung, bone and rarely the brain.

KIT Mutations in GIST

In early 1998, Hirota and colleagues published their groundbreaking discovery of
KIT kinase mutations in GISTs.” Studies from dozens of laboratories worldwide have
since confirmed that 60-80% of GISTs harbor a KIT gene mutation, that these mutations
lead to constitutive activation of the kinase, and that mutant KIT is an excellent
therapeutic target in GISTs."”

KIT is a type III receptor tyrosine kinase that is closely related to platelet-derived
growth factor receptors alpha and beta (PDGFRA and PDGFRB), as well as to
macrophage colony-stimulating-factor receptor (CSFI1R) and Fl cytokine receptor
(FLT3). Binding of stem cell factor to KIT results in receptor homodimerization and
kinase activation. The resulting phosphorylation of specific tyrosines on KIT and a
number of secondary signaling molecules promotes signaling through several
downstream pathways.

The most common mutations in KIT affect the juxtamembrane domain encoded
by exon 11. Two-thirds of GISTs harbor an in-frame deletion, insertion, substitution, or




combination thereof, in this exon. Approximately 10% of GISTs have a mutation in an
extracellular domain encoded by exon 9. More rarely, mutations occur in the kinase I
(exon 13) or kinase II (exon 17) domain.

The importance of KIT mutations in GIST development is supported by several
lines of evidence. First, when expressed in transfected cell lines, mutant forms of KIT
show constitutive kinase activity in the absence of stem cell factor.'""'* Second, mutant
KIT is oncogenic, supporting the growth of stably transfected BA/F3 cells in nude mice.’
Third, phosphorylated KIT is detectable in GIST tumor extracts. Fourth, patients with a
heritable KIT mutation are at high risk for the development of multiple GISTs. And
finally, mice engineered to express mutant KIT show ICC cell hyperplasia and develop
stromal tumors that resemble human GISTs.'>!*

PDGFRA Mutations In GISTS

Studies of GIST extracts from tumors lacking KI/7T gene mutations revealed
phosphorylation of the alpha receptor for platelet derived growth factor (PDGFRA)."”> A
close homologue of KIT, PDGFRA has similar extracellular and cytoplasmic domains,
including a split kinase domain. Sequencing of these tumors turned up mutations in the
juxtamembrane domain (exon 12) and activation loop (exon 18) of PDGFRA. It is now
established that approximately 30% of GISTs that are wild-type for KIT, and 5-8% of
GISTs overall, have PDGFRA gene mutations. K/T and PDGFRA mutations are mutually
exclusive.'®"®

When expressed in transfected cell lines, mutant forms of PDGFRA have
constitutive kinase activity in the absence of PDGF-A ligand.”'® As indicated above,
phosphorylated PDGFRA is detectable in GIST tumor extracts and the activated
downstream pathways are identical to those in K/7-mutant GISTs.'>!® Patients with a
heritable PDGFRA mutation are at risk for the development of multiple GISTs.***'

The literature on PDGFRA-mutant GISTs emphasizes several distinctive
pathologic features, including a striking predilection for the stomach, epithelioid
morphology, myxoid stroma, nuclear pleomorphism, and variable (occasionally absent)
expression of CD117."%%%2° The unusual epithelioid morphology of these tumors raises
the question as to whether they are true ‘GISTs’ or whether they should be classified as
some other form of stromal tumor. There are, however, compelling similarities between
PDGFRA-mutant and K/T-mutant GISTS. Both types of tumors are immunopositive for
DOG-1, and both express PKCB.%*** In addition, both genotypes are associated with
cytogenetic changes that are distinctive for GIST."”*” Further, KIT protein is detectable
in many PDGFRA-mutant tumors and vice-versa (which underscores the danger of
assigning a genotype by immunohistochemistry).*'>'"!” It should be noted that not all
PDGFRA-mutant GISTs are epithelioid; some have spindle cell features that are
indistinguishable from K/7-mutant GISTs.

Molecular Classification of GISTS

Despite their similarities, it would be improper to regard KI/7-mutant and
PDGFRA-mutant GISTs as simply the same tumor with alternate oncogenic kinases.
Rather, they are representatives of a family of closely related tumors, which also includes
the ‘wild-type’ GISTs. This puzzling subset, representing ~15% of all GISTs, has no
detectable KIT or PDGFRA mutations despite all best efforts to find them. What drives




the growth of wild-type GISTs remains unknown, but it is interesting that phosphorylated
KIT is detectable in these tumors, suggesting that KIT is still activated.’

Classification of GISTs by kinase genotype, as outlined in Table 1, provides a
framework for understanding their biology. The type and distribution of KI7 and
PDGFRA mutations in GISTs varies with anatomic location (Table 1). Whereas KI/7 exon
9 mutations are found almost exclusively in GISTs arising within the small intestine and
colon, the most common PDGFRA mutation, D842V, is detectable only in GISTs arising
in the stomach, mesentery and omentum. Other K/T and PDGFRA mutations, by contrast,
can be found in GISTs throughout the GI tract, from the esophagus to the rectum.

To date, approximately two dozen kindreds with heritable mutations in KIT or
PDGFRA have been identified (Table 1).%'****3* The penetrance in these kindreds
appears to be high, as most affected members will develop one or more GISTs by middle
age; however, in many patients the tumors do not follow a malignant course. Only two
kindreds with a PDGFRA mutation have been identified.**'

Approximately 1-2% of GISTs arise in pediatric patients. The majority of these
present as multinodular, epithelioid growths in the stomach, which are slow to progress
but can metastasize and threaten the life of the patient. Unlike GISTs in adults, these
tumors commonly involve local lymph nodes. Most pediatric GISTs occur in girls and are
negative for KIT and PDGFRA mutations. Pediatric GISTs are sometimes associated with
pulmonary chondromas and/or paragangliomas — referred to as Carney triad.”> The gene
for this rare constellation, which is not heritable, has yet to be identified.

There is a clear association between GISTs and type I neurofibromatosis.
Indeed, one group estimated that 7% of NF1 patients develop one or more GISTs, which
tend to arise in the small intestine but do not readily metastasize.”® While NFI-related
GISTs stain strongly positive for CD117, they are almost universally negative for KIT
and PDGFRA mutations.

21,31,36-39

KIT-Negative GISTs

In approximately 5% of GISTs staining for CD117 is completely negative, or at
most equivocally positive, which leaves the morphologic diagnosis somewhat in
question. A common misconception is that all of these tumors harbor PDGFRA
mutations, but the actual figure is more in the range of 30%.'*'® Over half of CD117-
negative tumors have KIT gene mutations, usually in exon 11, which has significant
therapeutic implications. Whether a GIST can be negative for CD117 staining and wild-
type for KIT and PDGFRA is not entirely clear, as the diagnosis must then be based
strictly on exclusion.

GIST Development and Prognosis

In patients with a germline KI7 gene mutation, multifocal proliferations of
morphologically benign, CD117-positive Cajal cells are commonly observed, possibly
representing the earliest stage of GIST development. Interestingly, minute growths (1 to
10 mm) of Cajal/GIST-like cells are present in 22% to 35% of thoroughly examined
stomachs from the general population.**** The frequency of KIT mutations in such
‘micro-GISTs’ ranges from 46% to 85%.

Many groups have noted that K/T exon 11 mutations are a negative prognostic
factor in clinically detected GISTs.* In particular, deletions involving codons 557 &




558 have been associated with malignant behavior.””'”* As a group, PDGFRA-mutant
GISTs appear to be less aggressive than K/T-mutant GISTs,"* yet PDGFRA-mutant
tumors can still progress and kill patients. Once GISTs become metastatic, kinase
genotype does not factor into overall survival.”®> Thus, while a particular kinase mutation
may set the initial course of a GIST, the prognosis at the time of clinical presentation is
clearly influenced by other genetic events.

Unfortunately, our knowledge of these additional mutations remains limited, and
current recommendations for assessing the risk of progression of a newly diagnosed
primary GIST are based on three simple parameters: tumor size, tumor location, and
mitotic index (mitoses per 50 high power fields). The risk assessment scheme presented
in Table 2 is based on the work of Miettinen and colleagues at the AFIP, whose
considerable efforts in studying the outcome of patients prior to the advent of modern
therapies have provided the most complete data available.”~*’

Treatment of GIST

The primary treatment for a resectable GIST is surgery, which cures most patients
with a low- or intermediate-risk tumor. The lesion should be removed intact and with
clear margins, but wide margins are not required. Lymphadenectomy is unnecessary, save
for pediatric GISTs.

Treatment options for patients with unresectable or metastatic GIST were poor
until the advent of the kinase inhibitor imatinib (Gleevec'™). An orally bioavailable 2-
phenylpyrimidine derivative that was developed in the late 1990s as a treatment for
chronic myelogenous leukemia, imatinib reliably achieves disease control in 70-85% of
patients with advanced GIST. The median progression-free survival is 20-24 months; for
some patients the overall survival now exceeds 7 years.

Kinase Mutations Predict Response to Imatinib therapy

A consistent observation in clinical studies of imatinib for the treatment of GIST
is that genotypically-defined subsets of GIST have different outcomes. Based on phase
IIT trial data for 768 genotyped GISTs, the objective response rates are as follows: KIT
exon 11 — 64-67%, KIT exon 9 — 34-37%, and wild-type — 23-37%. Kinase genotype
also correlates with progression-free survival and overall survival. The median time to
tumor progression in patients whose GIST has a KIT exon 11 mutation is more than
1 year longer than in patients whose tumor has a KIT exon 9 or wild-type genotype.

The above results reflect pooled data from clinical studies in which imatinib doses
ranged from 400-800 mg per day. In a recent subset analysis of the EORTC/AustralAsia
phase III trial, the progression-free survival of GIST patients with KI7 exon 9 mutations
was significantly better when they were treated with 800 mg per day as compared with
400 mg.”® This has been confirmed in a recent meta-analysis of both the North American
and Europe/AustralAsian phase III trials (manuscript in preparation). In contrast, patients
whose GIST had KIT exon 11 mutations did equally well on either dose. Many GIST
experts now recommend routine tumor genotyping and dose selection based on the
presence or absence of a KIT exon 9 mutation.




Treatment of PDGFRA-mutant GIST with imatinib

Only small numbers of patients with PDGFRA-mutant GIST were included in the
original phase I-III trials. Among six patients whose GIST harbored the most common
PDGFRA mutation (D842V) there were no objective responses. Correspondingly, this
form of PDGFRA is fully resistant to the effects of imatinib in vitro.'®>" It is important
to note, however, that up to one third of PDGFRA mutations are sensitive to imatinib
in vitro, and individual patients with these types of GIST have shown excellent
responses to imatinib. Thus, genotyping has an important role in predicting the imatinib
responsiveness of PDGFRA-mutant GISTs.

Adjuvant Use of Imatinib

A trial of 12 months of adjuvant imatinib vs placebo was conducted for patients with a
resected GIST > 3cm. More than 600 patients were enrolled in anticipation that it would
take several years to determine the effectiveness of adjuvant therapy. In April 2007,
however, the trial was ended early when an interim analysis revealed a significant
difference in the rate of disease recurrence: 3% for patients receiving imatinib versus
17% for those who took placebo. Subset analyses, including the impact of tumor
genotype, are ongoing, but many oncologists routinely prescribe 12 months or more of
imatinib for patients with resected high risk GIST.

Imatinib Resistance

A minority of patients experience continued tumor growth on imatinib within the
first 6 months of treatment, which is referred to as primary resistance. Compared with
patients who have KIT exon 11-mutant tumors, those with exon 9-mutant or wild-type
tumors are over-represented in this group. Aside from the PDGFRA D842V mutation,
however, the causes for primary resistance remain largely unknown. Patients who benefit
from treatment beyond 6 months will often show growth in one or more lesions between
12 and 36 months of treatment, which is referred to as secondary resistance. At least
80% of secondary resistance is related to the acquisition of new mutations that
interfere with drug binding. Recent experiments using high-sensitivity real-time PCR
indicate that imatinib-resistant GISTs are often heterogeneous, with up to 3 other
acquired mutations detectable at low levels in the background of a dominant resistance
mutation (Liegl et al. manuscript submitted).

New Kinase Inhibitors and Other Treatment Targets

Success with imatinib has spurred the development of many new kinase inhibitors
with activity against KIT and PDGFRA. Among these is sunitinib (Sutent™), an orally
bioavailable “multi-targeted” inhibitor that also blocks VEGFR2 and may impede tumor
angiogenesis. Sunitinib is FDA-approved for the treatment of GIST patients who are
intolerant of, or resistant to, imatinib. Based on an extended phase II trial, it appears that
the best responses to sunitinib are in patients with KIT exon 9-mutant or wild-type
tumor.*

There are many other kinase inhibitors in clinical development, but one can safely
predict that most will eventually fail if used as a monotherapy. Multi-agent treatment
modalities are needed, perhaps in the form of a kinase inhibitor ‘cocktail’, or a




combination of a kinase inhibitor with another targeted therapeutic. One target that holds
some promise is HSP90,” an inhibitor of which (IPI-504) is in a phase II trial.

Conclusions

Progress in our understanding of GIST biology laid the groundwork for the first
breakthroughs in GIST treatment. In turn, the outcomes of GIST patients being treated
with kinase inhibitors are informing ongoing studies of drug resistance, downstream
signaling, apoptosis and synergistic strategies for tumor suppression. This interplay
between basic tumor biology and the effects of targeted therapeutics in patients provides
a model for accelerating the development of novel, rationally-based treatment strategies.

Kinase genotype has emerged as a principal factor in the evaluation of GISTs,
particularly those tumors that are overtly malignant or have a high risk of recurrence. In
addition to helping to establish the diagnosis of GIST in unusual cases, genotyping can be
very useful to physicians and patients in deciding on imatinib dose, in estimating the
likelihood and duration of benefit, and potentially in selecting second-line therapies. For
all these reasons, the 2007 National Comprehensive Cancer Network (NCCN) guidelines
for GIST support routine kinase genotyping for all newly diagnosed high-risk and
malignant tumors.



Table 1. Molecular Classification of GISTs

Genetic type Relative Anatomic Germline
Frequency Distribution Examples
KIT Mutation 75-80%

Exon & Rare Small bowel 1 Kindred

Exon 9 10% Small bowel, colon None

Exon 11 65% All sites Several kindreds
Exon 13 1% All sites 2 Kindreds
Exon 17 1% All sites 2 Kindreds
PDGFRA Mutation 5-7%

Exon 12 1% All sites 1 Kindred

Exon 14 <1% Stomach None

Exon 18 D842V 5% Stomach, mesentery, None

omentum

Exon 18 other 1% All sites 1 Kindred

Wild-type ~15% All sites None

Carney triad-related Rare Stomach Not heritable

NF1-related Rare Small bowel Numerous

Table 2. Risk Stratification of Primary GIST by Mitotic Index, Size and Site

Modified from Miettinen & Lasota, 2006.%*

Data based on Ion5%;t7erm follow-up of 1055 gastric, 629 small intestinal, 144 duodenal and

111 rectal GISTs.”

*Defined as metastasis or tumor-related death.
*Denotes small numbers of cases.



Tumor Parameters

Risk of Progressive Disease” (%)

Size Gastric Jejunum/lleum | Duodenum Rectum
<2cm None (0%) None (0%) None (0%) None (0%)
o Very low
Mitotic >2<5cm Low (4.3%) Low (8.3%) | Low (8.5%)
(1.9%)
Index
>5<10 Moderate Insuff.
< 5 per 50 hpf Low (3.6%) (Insuff. data) (
cm (24%) data)
Moderate
>10 cm High (52%) High (34%) | High (57%)
(10%)
<2cm None* High* (Insuff. data) | High (54%)
L Moderate
Mitotic >2<5cm 16% High (73%) High (50%) | High (52%)
Index (16%)
>5<10 (Insuff.
> 5 per 50 hpf High (55%) High (85%) (Insuff. data)
cm data)
>10 cm High (86%) High (90%) High (86%) | High (71%)
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Key points
e Soft tissue sarcoma is a rare variant of cancer in which statistically powered clinical
trials are difficult to be performed.
o The utility of adjuvant chemotherapy in soft tissue sarcomas is still debated.
e Specific histoypes have shown differential sensitivity to specific chemotherapeutic
agents.
e The advent of molecular target therapy has further increased the importance of

accurate morphologic subtyping of sarcomas.

Soft tissue sarcomas represents a distinctively heterogeneous group of rare
malignancies, with an overall incidence, of around 5/100,000/year. From the clinical
standpoint approximately 20 to 30% of cases recur locally and 30 to 50% of cases
metastasize, most often to lungs. 5-year overall survival varies between 55% and 65%,
regardless of stage and histology. Both rarity and heterogeneity represents main factors
affecting on one hand diagnostic accuracy, and on the other the feasibility of statistically
powered clinical trials.

In the past standard treatment was mainly represented by surgery, variably associated
to radiotherapy in the attempt to improve local control (1,2) The use if chemotherapy in
advanced disease as well as in the adjuvant setting has proved most fruitful in pediatric
sarcomas (rhabdomyosarcoma, Ewing’s family of tumors, infantile fibrosarcoma), and
osteosarcoma. On the other hand, the real efficacy of systemic treatment in adults’ soft
tissue tumors is still source of debate (3). Two major issues which have been addressed
by a number of clinical trials are the efficacy of adjuvant chemotherapy in the localized
disease and whether a polychemotherapy with doxorubicin and ifosfamide is superior to
doxorubicin alone in the advanced disease. By and large, the conclusion from these trials
was that adjuvant chemotherapy is ineffective, or at best marginally effective, and that
polychemotherapy is not superior to single agent chemotherapy. A meta-analysis was
published in 1997, and it was unable to detect any statistically significant advantage in

survival (4). However, trials included in this meta-analysis had not used ifosfamide in



addition to doxorubicin. Actually, a “second-generation” study from the Italian Sarcoma
Group (ISG) employing the combination of doxorubicin and ifosfamide showed an
improvement in survival (5). Interestingly, chemotherapy did not affected the metastatic
rate, indicating that chemotherapy most likely delays rather then prevent systemic spread.
Recently another meta-analysis was preliminarily reported (6), showing the same degree
of absolute benefit in relapse-free survival and overall survival, but at least the difference
in survival appeared now to be significant. However, this study did not incorporate
preliminary report from an EORTC Soft Tissue and Bone Sarcoma Group clinical trial,
which appears to be totally negative (7). Disappointingly, after many years of such trials,
the uncertainty regarded the utility of adjuvant chemotherapy does not seem to be
narrowed, and as a consequence the community of sarcoma researchers remains divided
on its efficacy. Patients all over the world, especially if they are high-risk. are often offered
adjuvant chemotherapy as an option in conditions of uncertainty.

Whatever the treatment options, for years clinicians have not been showing much
interest into histotyping of soft tissue sarcomas. As matter of fact, most of decision making
was eventually made on grading (8-10). Certainly grading has proved to be one of the
most important tool in order to stratify patients into prognostically meaningful categories,
however certainly it was not meant for predicting response to adjuvant therapy. As
mentioned before adjuvant chemotherapy still does not represents a standard treatment.
Of course, in consideration of the rarity of soft tissue sarcomas, most clinical studies have
been performed on histologically heterogeneous series, assuming that all histotypes would
respond at the adjuvant treatment as a single disease. As a consequence, it seems likely
that two main problems have somewhat hampered the clinical studies investigating the
potential utility of adjuvant chemotherapy in soft tissue sarcoma: the use of a rather
restricted range of effective drugs (anthracyclins and ifosfamide), and their indiscriminate
use in a very heterogeneous collection of distinct tumor types. However, it is easy to
understand that clinical trials on very rare tumors are unfeasible by definition. As an
example, the incidence of angiosarcoma is in the order of 0.05/100,000/year. In a large
country (or area) of 100,000,000 people, one would find a few dozens new patients each
year. Even increasing the usual proportion of patients enrolled into clinical trials (hardly
exceeding 5%), it would be difficult to set up a clinical trial on hundreds such patients in a
reasonable number of years. Nonetheless, despite the impossibility to set up a randomized
clinical trial on angiosarcoma, angiosarcoma itself has contributed to prove that selected

groups of sarcomas may show specific sensitivity to different agents. In fact it has now



become clear that angiosarcomas may respond to cytotoxic agents like taxanes, which are
inactive in almost all other soft tissue sarcomas (11). It has been also very recently shown
that antiangiogenic drugs seem also to work in angiosarcomas more than in most other
sarcoma subtypes, further underlying the relationships between morphology and therapy
(12). In general, it has become evident in recent years that some sarcoma subtypes may
indeed show specific response patterns to medical therapy. Amongst adult soft tissue
sarcomas, this has been the case for trabectedin (mainly active in leiomyosarcoma and
myxoid liposarcoma) (13,14), gemcitabine (most active in leiomyosarcomas and
undifferentiated high grade sarcomas) (15,16), not to mention imatinib that in addition too
its stunning success in gastrointestinal stromal tumors (17-21), has also proved effective in
dermatofibrosarcoma protuberans (DFSP) (22), chordoma (23), and desmoid fibromatosis
(24). Therefore, even if one overlooks the peculiarities of the natural history of these
subgroups, recent developments with chemotherapy, and even more with molecular
targeted therapies, makes this split unavoidable.

The unveiling of the molecular mechanisms involved in the carcinogenesis of
several subgroups of lesions and the possibility to utilize specific molecules targeting those
mechanisms certainly represents the most important advance. In parallel with the well
known application of tyrosine kinase inhibitors in GIST and DFSP, it has become evident
that different non mutational alterations of targets such as PDGFRA and PGFRB may
explain the clinical responses observed in patients affected by chordomas and desmoid
fibromatosis (25,26). Of great interest is also the fact the myxoid liposarcoma, shown to be
exquisitely sensitive to the marine derived alkaloid trabectidin (13,14), tend to exhibits
differential sensitivity on the basis of the type of chimeric transcript derived from the fusion
of the genes FUS and DDIT3 (27). This last observation not only further demonstrates the
existence of histotype-related sensitivity, but also that within the same histotype specific
molecular aberration may predict the chance of response.

The current evolution of therapeutic approach to soft tissue sarcoma certainly
represent the offspring of the marriage between pathology and genetics. Both classic
cytogenetics and molecular genetics has not only refined and validated classification
schemes, but has also provided information that are being gradually incorporated in the
clinics. A good example is certainly represented by the possibility to target well
differentiated/dedifferentiated liposarcoma (know to be characterized by MDM2 gene
amplification and consequent MDM2 protein overexpression) with the MDM2 antagonist

Nutlin-3a, capable of inducing apoptosis and growth arrest in neoplastic cells (28).



In conclusion, any attempt to identify effective systemic treatments for sarcomas

must take into account not only the great morphologically heterogeneity that characterized

this fascinating group of malignancies, but also the underlining molecular mechanisms.

This seems to be crucial not only for molecular targeted therapies but, as appears to

happen with trabectidin, also for agents exerting apparently less specific mechanisms of

action. The main consequence is that accurate morphologic diagnosis will gain even

greater importance, either as a direct tool to select the best therapeutic option, or as a

crucial step to allow identification of the relevant molecular abnormalities to be targeted.
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Bullet points:

e There has been progressive improvement in soft tissue tumor classification schemes over
the past 20-30 years, but problems remain.

e Some outdated diagnostic concepts need to be abolished (e.g. MFH) or substantially
revised or redefined (e.g. hemangiopericytoma and adult-type fibrosarcoma).

e Some tumor nomenclature is illogical or misleading and may need to be reappraised (e.g.
synovial sarcoma and extraskeletal myxoid chondrosarcoma).

e (lassification among the broad group of vascular tumors is hampered by our lack of
understanding regarding pathogenesis, line(s) of differentiation and biologic status/

potential.



The impact of genetic analysis has been positive, but, as more data emerge, the results

pose challenges for both morphologic and molecular classification schemes.
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INTRODUCTION

For many years, classification schemes have provided very important underpinnings in
the diagnosis, clinical management and research of human tumors. Furthermore, the trend
towards the development of widely accepted consensus classification schemes, both within
individual subspecialty groups (e.g. hematopathology) or more broadly by the World Health
Organization (WHO), have helped greatly to ensure more reproducible diagnosis across larger
national and international patient groups, thereby enabling more effective and meaningful
analysis of both clinical and more basic research studies, while also allowing more accurate
interpretation of clinical trials data.

In this regard, the classification of soft tissue tumors has made very substantial steps
forward in the past 20-30 years, based upon the gradual introduction of more reproducible and
objective diagnostic criteria (often facilitated by immunohistochemistry), the arrival of
cytogenetic and molecular genetic data which have in large part further facilitated objectivity, as
well as a willingness to question poorly substantiated dogmas based on limited data combined
with the recognition that ‘histogenesis’ has very little meaning in the context of mesenchymal
neoplasia. In purely pragmatic terms, the modern classification of these lesions is now largely
based on evidence of a specific line of differentiation or else on genotypic data. In some tumor
types (e.g. thabdomyosarcoma), classification is based on a combination of these approaches but
it is also worth noting that a remarkable proportion of the tumors in which we have no real
understanding of the precise line of differentiation (for example, alveolar soft part sarcoma,
synovial sarcoma and desmoplastic small round cell tumor), can be sharply and strictly defined
by their karyotype and related fusion gene(s).

The 2002 WHO Classification took major steps in better defining biologic potential
(benign, intermediate locally aggressive, intermediate rarely metastasizing and malignant), even
acknowledging that occasional benign tumors may give rise to distant metastasis, and “grasped
the nettle” in terms of allocating more tumors to the category of uncertain differentiation and
acknowledging that so-called ‘malignant fibrous histiocytoma’ is not a definable entity.
However, there do remain nosologic problems, uncertainties and contradictions in the current
classification of soft tissue tumors which will need to be addressed in the years to come. The

aim of this brief overview is to highlight some of these areas.
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OUTDATED DIAGNOSTIC CONCEPTS

Changes in nomenclature, particularly if the terms in question have been used for many years,

are painful and often resisted for no clear reason other than ‘discomfort’ or the false belief that

retaining outdated terminology will continue to be of value to non-specialist colleagues,

especially clinicians. However, such resistance is not intellectually rigorous, particularly if there

are extensive data to support more logical alternatives. Several such areas will need to be

addressed in any future classification scheme, primary examples among which are as follows:

1.

Since it is now generally accepted that the majority of pleomorphic sarcomas can be
meaningfully subclassified and that such subclassification has clinical and prognostic
relevance, then there really is no justification for retaining the term ‘malignant fibrous
histiocytoma’ (MFH) in any future classification scheme since the pleomorphic, giant cell
and inflammatory variants are not definable or reproducible entities. The so-called
myxoid and angiomatoid subsets undoubtedly represent discrete tumor types, better
allocated to the fibroblastic and uncertain differentiation categories, respectively. The
2002 WHO Classification paved the way for this change, in explaining the largely
meaningless nature of the ‘MFH’ terminology;

For very similar reasons, since it is now recognized that the large majority of lesions
formerly classified as so-called hemangiopericytoma in fact have nothing whatever to do
with pericytes (most of them representing solitary fibrous tumours), then, since we now
have a more sharply defined group of pericytic neoplasms, presently known as
myopericytomas (until such time as the loosely used term ‘hemangiopericytoma’ can be
more meaningfully applied), then a case could be made for dropping use of the term
‘hemangiopericytoma’, at least for the foreseeable future;

While it is clear that there is a group of sarcomas which show fibroblastic differentiation
(foremost among which are myxofibrosarcoma and low-grade fibromyxoid sarcoma), the
concept of ‘adult fibrosarcoma’ as used in the past, defined by high cellularity and a
herringbone growth pattern, for all practical purposes seems not to exist, other than as a
pattern of dedifferentiation in dermatofibrosarcoma protuberans (DFSP). The
overwhelming majority of tumors which would have been classified as adult-type
fibrosarcoma in years gone by would nowadays be classified more meaningfully as either
monophasic synovial sarcoma or malignant peripheral nerve sheath tumor. The process

of dropping this terminology, in large part, has already happened through a process of
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attrition, but a more stringent and meaningful re-definition of fibroblastic sarcomas in

adult patients would be very useful going forward.

NOMENCLATURAL ANOMALIES

Whether or nor to address the issue of tumors with inappropriate names is more of a nebulous
problem, insofar as there are good arguments, for example, that the concept of ‘synovial
sarcoma’ is meaningfully defined and understood both in the research and clinical arenas, even if
we fully understand that these tumors have nothing whatever to do with synovium.
Nevertheless, such classificatory feebleness would likely not be tolerated in other areas of
science and arguments, now 25 years old, that these lesions would better be classified as
‘carcinosarcomas’ of soft tissue may ultimately prevail and would certainly be easier to defend.
Other examples which might be easier to address, in that they would likely have less direct
clinical or practical impact, include extraskeletal myxoid chondrosarcoma, which is now well
understood to have nothing whatever to do with cartilage and so-called angiomatoid ‘MFH”,
which bears no relationship to the formerly popular category of ‘fibrohistiocytic’ tumors but
which is undoubtedly a discrete and now genetically well-defined tumor type. One could also
make a case that the term ‘hemangioendothelioma’ needs to be more sharply refined in the
future, since tumors within this category, which have often been lumped together as being of
‘intermediate’ or ‘borderline’ biologic potential, in fact span a substantial spectrum of clinical

behavior — thus refinement of these terms would likely facilitate greater clinical understanding.

LACK OF BIOLOGIC UNDERSTANDING

Vascular lesions represent an area in which there is substantial uncertainty and ambiguity as
to the manner in which these lesions develop, whether or not there is any significance to
designating them as hemangiomas or malformations and whether or not there is any importance
in determining whether these lesions show blood vascular or lymphovascular differentiation. At
the present time, some of these questions are likely unanswerable. While intuitively we tend to
think of vascular tumors which are composed of mixed vessel types, including larger specialized
vessels such as veins and arteries, as being malformations or ‘hamartomas’, there really is no
rational basis for this belief, particularly since these tumors may develop at any age and they
often show a propensity for persistent/recurrent growth. Furthermore, the development of larger

more specialized vascular structures is only the morphologic counterpart of very well-
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differentiated lesions composed of mixed cell types in other organ systems, such as pulmonary
‘hamartoma’ and Peutz-Jegher polyps, both of which are now regarded as clonal neoplastic
processes. There is some sense that classification of vascular lesions is increasingly based on
clinical and behavioral parameters, rather than morphology, but the former are very poorly
reproducible and this is an area which is beginning to give an impression of ‘witchcraft’. Part of
the problem in this regard likely relates to the fact that there are few, if any, genetic data
regarding most types of benign vascular lesion, combined with the fact that clonality per se is no
longer regarded as being definitional for a neoplastic process. Similarly, the long-standing
importance which has been attached to distinguishing between blood vascular and
lymphovascular lesions seems quite illogical not only because daily experience demonstrates that
many vascular lesions contain vessels of both types but also, given that lymphatics develop from
the venous system during embryogenesis, then it is hardly surprising if there may be substantial
overlap in the phenotype of these vessels. At the present time, however, progress in this area is

likely to be slow while available data are so limited and controversial.

THE IMPACT OF GENETICS

There is no question that the development of cytogenetic and molecular genetic technologies,
as applied to soft tissue tumors, has had enormous impact in advancing both classification and
understanding of these diseases — outstanding examples, among others, include the proof that
biphasic and monophasic synovial sarcoma represent variants of a single entity, that the
embryonal and alveolar subtypes of rhabdomyosarcoma are biologically and prognostically quite
distinct, that Ewing’s sarcoma, peripheral primitive neuroectodermal tumor and peripheral
neuroepithelioma are all essentially a single entity and, similarly, that the myxoid and round cell
variants of liposarcoma are phenotypic variants of a single tumor type. Increasingly, arguments
are made that molecular genetic classification should supercede morphologic or phenotypic
classification and such an approach is becoming the standard of care in large areas of leukemia
diagnosis and therapy. However, as more data are gathered, areas of confusion are also
beginning to appear, which may complicate the clinical utility of this technology, at least in the
short term. Examples both in favor and against the greater use of genetic data in determining
classification that may help to provoke discussion in this area are as follows:

1. It is recognized that there are variably subtle but undoubted morphologic similarities

between spindle cell lipoma, mammary-type myofibroblastoma and cellular angiofibroma
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— yet these lesions each retain clinical or phenotypic differences. However, data are now
emerging that all of these lesions share the same underlying genetic signature, usually
loss of the 13q14 chromosomal region. Arguments could therefore be made for
co-classifying these lesions, yet it seems to me more logical, given their clinicopathologic
differences, to regard them as closely related but not identical. One can well imagine that
a topic such as this may become controversial, especially since the same argument could
be applied for DFSP and giant cell fibroblastoma.

Because fluorescence in situ hybridization (FISH) is easier to employ in paraffin-
embedded tissue and is much less prone to false-positive results than RT-PCR, then FISH
is becoming increasingly popular for the molecular diagnosis of soft tissue tumors. In
this regard, one of the most widely applied tests is based on the use of split-apart probes
around the EWSRI gene. It has been recognized for some time that EWSRI gene
rearrangements are present in a variety of quite different tumor types — not only
Ewing’s/PNET but also extraskeletal myxoid chondrosarcoma, clear cell sarcoma and
desmoplastic small round cell tumor. However, more recent data have also shown that
this gene is rearranged in so-called angiomatoid ‘MFH’ and personal experience indicates
that it is also rearranged in a subset of myoepithelial tumors of soft tissue. While these
data suggest that this gene is of enormous importance in mesenchymal tumorigenesis, it
seems likely that more tumors showing this rearrangement will continue to be uncovered
and this is likely to have practical daily impact both in terms of potential diagnostic
confusion and also in selection of suitable technology for testing. Purely practical
considerations suggest that it will be much more difficult for RT-PCR to become the test
of choice on a broad scale in hospitals of all sizes.

Examples of fusion genes shared by quite different tumor types are increasingly
recognized, making clear that morphologic correlation will almost always be an absolute
necessity, rather than pathologists being able to rely purely on a molecular genetic
diagnosis. An extreme example in this regard is the ETV6-NTRK3 fusion gene which,
when expressed in different cell lineages, appears to be the primary transforming event in
infantile fibrosarcoma, congenital mesoblastic nephroma, secretory carcinoma of breast
and in rare examples of acute myelogenous leukemia. Perhaps a better-known example is
the substantial overlap between the ALK-related fusion genes in both inflammatory

myofibroblastic tumor and anaplastic large cell lymphoma. However, potentially more
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confusing examples of such overlap are now being identified even within quite different
tumors of mesenchymal type — the best example thus far is the recent demonstration of an
identical EWSRI-CREBI fusion gene in clear cell sarcoma arising at visceral locations as
well as in so-called angiomatoid ‘MFH’. Fascinatingly, a minority of cases of so-called
angiomatoid ‘MFH’ appear to show an EWSRI-ATF1 gene fusion, identical to that seen
in clear cell sarcomas arising at somatic locations. This type of overlap, while being of
considerable biologic and pathogenetic interest, is quite likely to give rise to confusion

among non-specialists dealing with soft tissue sarcomas.

CONCLUSION

Evolution and advances in classification as well as our understanding of soft tissue tumors has
been substantial in recent years and there is every sign that this will continue. Such advances
will hopefully lead to an ever more logical and reproducible approach to both diagnostic and
nosologic classification of these lesions, but there is still very much work to be done in trying to
understand the basic biology of certain quite common tumor types and in the meaningful
incorporation of molecular genetic data into any new classification scheme. For sure, this

continues to be an exciting time to be interested in this field of pathology.



