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Chapter 1
Clear Cell Sarcoma

Nelly Firmin, Frédérique Larousserie, Anne-Sophie Defachelles,
and Pascaline Boudou-Rouquette

Abbreviations

CCS Clear cell sarcoma

EFS Event free survival

HGF Hepatocyte growth factor

ILP Isolated limb perfusion

MITF  Microphtalmia-associated transcription factor
(0N} Overall survival

PFS Progression free survival

SLNB  Sentinel lymph node biopsy

1.1 Epidemiology, Clinical Presentation and Prognosis Factors

Clear cell sarcoma (CCS) was first described by Franz Enzinger in 1965 [1]. Since
then, only 800 cases have been reported in the literature due to the rarity of this
sarcoma accounting for less than 1% of all sarcomas [1-15].
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CCS was also initially called melanoma of soft parts [4] because of its melano-
cytic differentiation and its clinical behavior which mimics melanoma in some
aspects: distal limb distribution, in-transit metastases, regional lymph node spread-
ing and tendency for local recurrence. However CCS remains a soft-tissue sarcoma
in other aspects: a deep soft-tissue primary location and a propensity for pulmonary
metastases.

In the early 1990s, a specific translocation of this sarcoma subtype resulting in
the fusion transcript EWSR1-ATF1 was described, allowing for a better distinction
between this tumor and melanomas [16-25]. The nomenclature was thus corrected
and the term of CCS has since been retained [4, 8, 9, 15, 26].

This new definition of CCS has resulted in a better selection of cases in published
series after the 1990s [9—11, 13, 14], even though confirmation by molecular biol-
ogy in larger series is low, about 12% or unknown [10, 11]. This molecular biology
confirmation is more frequent (60—100%) in recent series which include about
30-50 patients [2, 9, 12—14].

CCS is slightly more common in women than in men in the oldest series and in
the series of the MD Anderson [1-4, 27] while many recent series report a majority
of men [8-10, 12—14], or an equal distribution [5, 7, 28, 29].

CCS preferentially occurs in adolescents and young adults. The median age at
diagnosis is lower than for the other sarcomas, between 26 and 42 years according
to the series [2, 7-14, 27, 29], with a global median at 34.7 years (Table 1.1) and a
median at 37.2 years for the series with molecular biology confirmation. Cases
under the age of 10 years or above 60 years are rare.

The prevalence is higher in Caucasians [2, 7, 29, 30] than in other populations.

The tumor is most often localized on tendons and aponeuroses, predominantly at
extremities (in 75-90% of cases) [7, 8, 10, 12—14], preferentially distal. The foot is
the first localization, compromising member function [1, 7, 8, 14]. The hip, thigh,
knee, and hand are also frequent localizations [5, 30]. Rare localizations have also
been described, such as the retroperitoneum, viscera, bone, and the gastro-intestinal
tract. The tumor may also develop in the dermis. The epidermis is usually intact
whereas the subcutis is then involved in half of the cases. Those primary cutaneous
CCS are small (from 0.4 to 1.7 cm) and most of them are located at the extremities
[31]. Also, one case of multiorgan involvement was described by Kothaj et al. [32].

In nearly all instances, CCS are thought to arise de novo and not from a preexist-
ing benign lesion. Since its first description by Enzinger et al. [1], the hypothesis of
a melanocytic differentiation has been retained. Some authors advanced the hypoth-
esis of a synovial [33] or a Schwannian origin [34]. However the most probable
hypothesis is a neuroectodermal origin [4, 30, 34—42]. Most cases have no clearly
defined etiology, but a number of associated or predisposing factors have been iden-
tified, like for other soft-tissue sarcomas, such as family predisposition (germline
mutation of p53), toxics (acethyl acids, chlorophenols, dioxin), or immunosuppres-
sive factors (virus, drug). A history of trauma was found in 38% of cases in the study
of Enzinger et al. [1] but it might be a coincidence because the preferential localiza-
tion of CCS are sites prone to injury.
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The median duration between apparition of the first symptoms and diagnosis is
long, about 18 months [8]. Indeed, at the beginning of the disease, this indolent
course may lead to a significant delay in diagnosis and treatment. Pain and/or dis-
comfort are present in up to 50% of cases at the time of the diagnosis.

The median tumor size at diagnosis varies between 3 [14] and 5 cm [7] with a
majority of 4-cm tumors [9, 10, 12, 13].

The literature data based on retrospective studies agree that CCS is an aggressive
disease with a high risk of recurrence and a poor prognosis. Recurrence may occur
as soon as 1 month after diagnosis and up to 20 years, with a median time before
recurrence of 3 years (38 months) [13]. Particularly, local recurrence occurs in
around 20-30% of patients in most series [10, 11, 14, 27, 29], with a fluctuation
between 6 and 56% [7, 12, 13]. Time between local recurrence and diagnosis varies
between 6 and 33 months. The rate of amputation of the affected limb, around 20%
[10, 14] in most series and up to 48% in oldest series [27], is higher than in other
sarcomas, probably because of the CCS preferential localization on distal
extremities.

Local control is essential because of the high mortality rate reported in case of
local recurrence. Indeed, it varies between 60 and 80% [11, 13, 27, 29]. It leaves the
surgeon with major difficulties, because he has to grasp the good balance between
performing a satisfactory tumor resection and the preservation of the function of the
limb.

At diagnosis, the metastatic involvement is about 12% [2, 10] (3—25% according
to the series [13, 14, 27]).

Despite local control with surgery, metastases develop in about 60% of the cases
(33-70% according to the series), usually 2—4 years after diagnosis, which makes
the CCS a disease of poor prognosis [7, 10, 11, 13]. Preferential sites of metastases
are lymph nodes and lung, followed by bone and liver [1, 2, 10, 11, 14, 27].

At the metastatic stage, the median overall survival is reported between 7 and
10 months [14, 43]. Overall survival is poor; indeed, all patients died within
24 months [14, 29].

One of the hallmarks of the CCS is its high propensity to metastasize to lymph
nodes with a lymph node involvement reported at about 18% at diagnosis, ranging
from 12% to 43% according to the series. In other sarcomas, the nodal involvement
is much lower, reported in 3—-6% of cases [26, 44-46]. A lymph node recurrence
occurs in 13—43% of cases according to the series [10, 11, 13, 14].

In the study by Daigeler et al. [47] published in 2009, in 1597 patients with sar-
coma, the rate of nodal involvement in CCS was 17.6%. The 1-year and 5-year
overall survivals without nodal involvement were 81.5% and 33.3%, respectively,
and 55.5% and 12.8% for patients with nodal involvement, thus demonstrating the
pejorative impact of nodal involvement. The median time interval between diagno-
sis and nodal involvement was 4 years, a short interval being correlated with shorter
OS (p <0.001).

Nodal involvement is an independent poor prognosis factor, often associated
with distant metastasis recurrence, reflecting the aggressive behavior of CCS [45,
47, 48]. However, metastasis occurrence in lymph node only has a pejorative impact
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less important on OS than distant metastases occurrence, even for the CCS as
reported in the study of Blazer et al. [2, 48, 49].

The overall survival rate at 5 years was reported between 47% and 63%, depend-
ing on the series, with a median of 54% [10, 11, 13, 14]. These results are more
pejorative than in other sarcomas in which the median 5-year overall survival is
around 69% [3]. The high risk of late distant metastasis occurrence induces a very
poor prognosis at 10 years, with an overall survival rate at 10 years reported between
25 and 41%, as compared with 60% in other sarcomas.

The most commonly identified poor prognosis factor is the tumor size >5 cm [1,
5-7, 10, 13, 30, 46] followed by the presence of necrosis [1, 6, 7, 13, 50].

The other poor prognosis factors found in the biggest series are the mitotic index
>10 [9, 50], presence of metastases at diagnosis [11], local recurrence [27], trunk
localization [2, 14], non-Caucasian origin [2], no adjuvant radiotherapy [30], and
nodal involvement [10, 27, 30], but most studies lack power due to the small number
of patients.

Other poor prognosis factors were found in univariate analysis only: male gen-
der, deep tumor localization and margin invasion [10].

1.2 Specific Localizations

1.2.1 Cutaneous Localization

Few cases of cutaneous CCS were reported in literature. In these cases, a pigmented
tumor is localized in the dermis. The challenge is, for these specific localizations, to
distinguish these lesions from melanoma lesions. Park et al. described, in 2013, 2 CCS
cases: one localized on dermis and the other on subcutaneous fat [51]. For these two
cases, CCS diagnosis was confirmed highlighting the specific translocation (EWSR1-
ATF1). Cytogenetic analyses of these two tumors revealed unusual mutations in
BRAF and Kit, mutations that are rare in CCS but frequent in melanomas [31].

1.2.2 Digestive Localization: In Most Cases a Different Tumor

The digestive localization is rare in CCS. As they show some dissimilarities with
their soft parts or cutaneous counterparts, these tumors are named CCS-like
tumors of the gastro-intestinal tract. Morphologically, they differ from the soft-
tissue CCS: they grow into solid sheets, pseudopapillary or pseudoalveolar for-
mations without well-formed nests. Spindling and macronucleoli are not frequent,
whereas necrosis and high mitotic activity are often reported. Half of cases pres-
ent scattered osteoclast-like giant cells, and tumor cells lack melanocytic differ-
entiation. Electronic microscopy failed to demonstrate the presence of
melanosomes in the cases studied [28, 52-54]. The immunophenotype of these
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tumors is also slightly different: S100 protein and sox10 are expressed in all
cases whereas HMB45, melan A, and MiTF are expressed in significantly fewer
cases [55]. Of note, some authors described authentic CCS in the gastro-intesti-
nal tract [55].

For CCS-like tumors of the gastro-intestinal tract, the preferential site is the
small intestine (69%), followed by the colon and the stomach [52, 56-58]. The pre-
sentation is an ulcerated lesion of the digestive mucosa with a transmural infiltra-
tion. The median age is 39 years with a slight feminine predominance and a median
tumor size of 5 cm [59]. These tumors are probably under-diagnosed because of the
absence of melanocytic differentiation. Molecular tests may be helpful for diagnosis
because a specific translocation is found in the form of one of its variants: EWSR1/
CREBI [60]. Other chromosomal abnormalities are described in some series (chro-
mosomes 7, 8, 22). Clinically, these tumors are aggressive with node and distant
metastases in 30% of cases. Most of these patients develop liver metastases, or, less
frequently, peritoneal metastases. The biggest study on this CCS subtype was pub-
lished by Stockman et al. [28], and included 16 patients. All tumors were positive
for S100 protein and negative for other melanocytic markers. Using FISH, a EWSR]
rearrangement was found in 85% of cases: among these, 46% were with ATF1 and
23% were with CREB1. The median overall survival was 32 months for these diges-
tive localizations.

1.3 Pediatric Cases

The rarity of CCS in childhood is demonstrated; indeed, only two pediatric series
were published, one conducted in the St Jude Children’s research Hospital (5
patients treated in 5 years) [61] and more recently, one coordinated by the Italian
and German Soft tissue Sarcoma cooperative Group, which included 28 patients
treated between 1980 and 2000 [62]. The patients of these two studies represented
0.8% of all pediatric soft-tissue sarcomas registered during the study period.

Clinical characteristics are the same than in adults. The tumor usually occurs in
the lower extremities and is intimately bound to tendons, aponeuroses and fascia. At
diagnosis, most tumors are smaller than 5 cm diameter. CCS in children have
aggressive behavior and tend to metastasize in regional lymph nodes and more fre-
quently in the lung. Nodal dissemination is reported in as many as 50% of cases.
Routine nodal sampling or sentinel node lymphadenectomy may then be helpful in
staging these patients.

The outcome of pediatric patients seems better than in adults, with a 5-year overall
survival rate of 68.9%, and an event-free survival of 62.7% as reported in the series
by Ferrari et al [62]. Late recurrence is best reported in the Lucas et al. [6] study in
which two-thirds of patients were alive at 5 years after diagnosis but only 33% at
10 years. These data emphasizes the need of long-term follow-up for all patients,
both adults and pediatrics. However, in the study reported by Ferrari et al. [62], the
median time to recurrence was only 8 months. Predictors of survival are the same
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than in adults: tumor size and quality of surgical resection are the most important.
Prognosis is also better for pediatric patients whose tumors arise at the extremities
compared to tumors localized at other sites. Age, in adults and pediatric patients, did
not represent a significant prognostic factor even if pediatric patients older than
10 years showed a tendency for a worse prognosis in the review of the Italian and
German Soft Tissue Sarcoma cooperative group [62]. The mainstay of therapy for
CCS is adequate surgical resection. In pediatric patients with complete resection,
literature data suggest that adjuvant treatment (chemo and radiotherapy) seems
unnecessary. Pediatric series are too small to demonstrate any benefit of adjuvant
radiotherapy. When conservative complete excision is not feasible, mutilating sur-
gery should be considered. Lymphadenectomy seems to be indicated in case of nodal
dissemination. It should be considered for inadequate resections and for tumors
larger than 5 cm. Efficacy of the chemotherapy regimens used for other sarcomas and
especially rhabdomyosarcoma in advanced or metastatic situation, is not encourag-
ing in children with only one partial response among 9 evaluated patients. Further
investigations are needed to define the role of immunotherapy and targeted therapy in
CCS pediatric patients.

1.4 Pathology

1.4.1 Macroscopy

The tumor size at diagnosis varies between 0.7 [14] and 25 cm [7] with the majority
of tumors around 4 cm [9, 10, 12, 13]. Tumors are mostly round with a smooth or
nodular surface, gray to white, and of firm consistency. They are well delineated by
a dense fibrous tissue, often firmly attached to an underlying tendon or fascia.
Pigmentation and necrosis are rarely seen (Fig. 1.1) [1].

Fig. 1.1 Gross features of
a clear cell sarcoma on a
resection specimen: fleshy
whitish mass arising from
a tendon and infiltrating
the muscle
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Fig. 1.2 Microscopic
features of a clear cell
sarcoma (H&E): dense
proliferation of large
spindled and epithelioid
cells, with a prominent
central nucleolus. Tumor
cells are arranged in short
fascicles and nests

1.4.2 Microscopy

Tumor cells are large monotonous polygonal to fusiform cells of epithelioid appear-
ance organized into solid nests and fascicles [1, 4, 9, 63]. Nests are separated by a deli-
cate fibrous framework that merges with the underlying tendon or fascia to which the
tumor is attached. Tumor cells have pale (due to glycogen accumulation) amphophilic
to eosinophilic cytoplasm with indistinct borders. The nuclei are round to ovoid, small,
with finely dispersed chromatin, and with a single large central basophilic nucleolus
(macronucleolus). Melanin pigment is only seen in scattered cells at H&E. Fontana
melanin stain reveals its presence in about two thirds of cases (Fig. 1.2).

Dispersed multinucleated tumor cells with peripheral nuclei (wreath-like giant
cells) might also be seen. They are different from the osteoclast-like giant cells
described in the CCS-like tumor of the gastrointestinal tract. Cellular pleomorphism
might be seen in recurrences or metastases.

The mitotic activity is usually relatively low, less than 10 mitoses per 10 high-
power-fields for half of the cases [10].

The FNCLCC grading system is not applicable to CCS, as they are considered at
high risk of metastases.

1.4.3 Immunohistochemistry

CCSs usually show a strong and diffuse staining for S100 protein antibody (up to
100% of cases) (Fig. 1.3). They also show a strong and diffuse staining for melano-
cytic markers such as HMB45 (in 97% of cases), Melan A (in 71% of cases), and
the melanoma isoform of the microphtalmia transcription factor MITF (in 81% of
cases) [12, 64], hence the suggestion of Chung and Enzinger to rename CCS, “mel-
anoma of soft parts” [4]. CCS can also express neuro-endocrine and/or nerve
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Fig. 1.3 S100 protein
immunostaining:
heterogenous nuclear and
cytoplasmic staining of
tumor cells (in brown).
Endothelial cells are
negative (in blue)

sheath-related markers such as synaptophysin (43% of cases), NSE, CD56, CD57
(75% of cases); they are bcl-2 positive in 93% of cases [12]. Of note, CCS tumor
cells may express epithelial markers such as cytokeratins. Apart from the antibodies
against the S100 protein and the melanocytic markers, the other listed antibodies
above are useless for CCS pathological diagnosis and should not be tested. If
needed, molecular testing should be performed.

1.4.4 Molecular Biology

CCS is characterized by a reciprocal translocation (12; 22) (q13; q12) that results in
the fusion of the EWS and ATFI genes, inducing a chimeric EWSRI/ATFI gene in
which the 3'-terminal part of EWS at 22q is replaced by the 3’-terminal part of ATF'/
at 12q [16, 19, 20, 65-67]. EWSRI encodes for a RNA-binding protein and is
involved in a recurrent translocation associated with a great number of sarcomas:
Ewing sarcoma, desmoplastic small round cell tumors, extra-skeletal myxoid chon-
drosarcoma, angiomatous fibrous histiocytoma, myoepithelial tumor, myxoid lipo-
sarcoma, low-grade fibromyxoid sarcoma, ...

ATFI and CREBI encode basic leucine zipper transcription factors that are
involved in cAMP and Ca?* induced transcriptional activation [68]. The EWSR1/
ATF1 fusion transcript is found in more than 90% CCS cases [2, 9, 13, 31], but
never found in melanoma, and consists in a diagnostic marker [9].

Four types of EWSR1/ATF1 transcripts have been identified in CCS, designated
as type 1-4 [9, 17, 69]. The type 1 transcript (50% of the cases [2]) is an in-frame
fusion of exon 8 of EWS with exon 4 of ATFI. The type 2 transcript (45% of the
cases [2]) is an in-frame fusion of EWS exon 7 with ATFI exon 5, the type 3 (<5%
[2]) an in-frame fusion of EWS exon 10 with ATF exon 5 and the type 4 (<1% [2])
an out-of-frame fusion of EWS exon 7 with ATF exon 7. The presence of multiple
transcripts in the same CCS (usually transcripts 1 and 2) has been reported in some
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cases [12]. No significant association between the transcript type and the outcome
of the patient was found [9].

The EWSR1-ATF1 fusion protein was shown to bind to and activate the MiTF
which, in the presence of the Sox 10 transcription factor, regulates growth and sur-
vival of CCS tumor cells and triggers melanocytic differentiation [70].

Another variant chromosomal translocation t(2; 22) with a EWS/CREBI gene
fusion was found with little or no melanocytic differentiation, preferentially local-
ized in GI tract [69].

In addition to translocation (12; 22) (q13; q12), polysomy of chromosome 8 was
reported as a second abnormality in many CCS cases. Numerical aberrations involv-
ing chromosome 22 (other than the t(12;22) translocation) and chromosome 7 are
also described in the literature [24, 65, 71].

Contrary to melanoma, the mutations in exons 11 and 15 of the BRAF gene were
not reported in CSS in the oldest series [17] but BRAF mutations were found in others
CSS series [13, 51, 72]. Microsatellite instability was shown to be rare or absent [73].

For diagnostic purposes, the EWSRI1/ATF]1 fusion transcript can be detected by
RT-PCR or RNA sequencing from frozen or FFPE tissues. The EWSRI gene rear-
rangement can be detected using FISH (fluorescent in situ hybridization) [74].

1.5 Imaging

A wide variety of masses may develop at the limb extremities but malignant soft
tissue tumors are rare. The initial imaging evaluation is thus fundamental. It should
be performed before the diagnostic biopsy and take place as often as possible in a
reference center for the management of soft tissue tumors.

1.5.1 Radiography and Ultrasound

Ultrasonography is usually performed as first-line examination for soft tissue mass
evaluation because of its easy access, safety, and low cost. CCS imaging using ultra-
sound has been poorly described in the literature. Ultrasonography usually shows a
well-limited, heterogeneous, echo-enhancing mass, richly vascularized in Doppler.

Radiographs are usually normal; indeed, calcifications in the lesion are rare [30,
75, 76].

1.5.2 MRI

Due to its excellent contrast resolution and multiplanar imaging capacities, mag-
netic resonance imaging (MRI) has greatly improved the ability to delineate lesions
of the soft tissue tumors [75].
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On MRI examination, CCS typically have a misleading benign-looking appear-
ance: they are often small and homogeneous, with well-defined borders. The shape
is oval, round, or less frequently multilobulated. Intratumoral necrosis is rare (5%).
Destruction of an adjacent bone is reported in 10% of cases [77].

On T1-weighted images in a series of 21 CCS cases, half were slightly hyperin-
tense to muscle [77], probably a reflection of the melanin tumoral content [78]. The
other cases were hypo or isointense.

On T2-weighted images, the signal was variable, of little diagnostic help. Hypointense
foci were correlated with the presence of iron or melanin deposits [75, 79].

More importantly, two thirds of the lesions showed an intermediate or strong
enhancement on Gadolinium-enhanced T1-weighted images, suggestive of an
aggressive mass.

A close contact to a tendon to an adjacent tendon or fascia was seen in two-thirds
of cases [77].

1.5.3 PET-TDM

FDG PET/CT was shown to be a promising imaging modality. However there is no
standard in diagnostic indications or follow-up for sarcomas. Fuglg et al. conducted
in 2012 a study to evaluate the diagnostic and prognostic value of 18F-FDG PET/
CT in the initial assessment of soft tissue sarcoma. They concluded that it has a high
sensitivity, specificity and accuracy for the assessment of lymph node and distant
metastases. The limit, however, is the low predictive value of a positive test in sar-
coma with lymph node metastases [80]. Few cases of CCS show high FDG avidity
(SUV =12.4) [81, 82]. FDG PET/CT might also be helpful in detecting postopera-
tive recurrences of CCS of gastrointestinal origin [83]. The new p-borono-L-
phenylananine (BPA) tracer is promising because it plays a role in melanin
production and accumulates in melanin-containing cells. As a high accumulation of
boron was reported in CCS cell lines, like in melanoma, BPA may be interesting as
a predictive factor in clinical use [84].

1.6 Treatments

1.6.1 Surgery

The surgery is the cornerstone of CCS treatment, like in other sarcomas. The chal-
lenges of surgical interventions are linked to the periarticular localization of CCS
compromising the preservation of limb function and to their indolent phase delay-
ing CCS diagnosis.

The percentage of patients undergoing conservative surgery in CCS is less
important than in other sarcomas, 48% in the oldest series [1]. The amputation rate
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Table 1.2 Percentage of Rate of

amputation according to the amputation | 5 years OS

different studies Author (%) (%)
Enzinger et al. 48 ND
Eckardt et al. 4 ND
Sara et al. 29 40
Lucas et al. 57 67
Montgomery et al. | 17 63
Kuiper et al. 0 ND
Kawai et al. 21 47
Hocar et al. 7 59
Ipach et al. 18 19
Bianchi et al. 16 56
Total 21.7

varies according to the series, between 0% and 57%, with a median about 20% of
patients [5, 6, 8, 10, 13, 14, 27, 85], compared with about 1% in other sarcomas [86]
(Table 1.2).

1.6.1.1 Sentinel Lymph Node Biopsy

CCS have a high propensity to metastasize to lymph nodes with a lymph node
involvement at diagnosis reported in about 18% of patients, ranging from 12% to
43% [35, 46, 47, 87] according to the series. In other sarcomas, nodal involvement
is highly less frequent, and varies from 3 to 6% of cases [26, 45, 88].

The positive impact of sentinel lymph node biopsy (SLNB) is widely demon-
strated in other tumors in which nodal involvement is frequent, such as melanoma
and breast cancer. This technique could be performed in CCS. The study of
Al-Refaie et al. was the first to study SLNB feasibility in CCS [89]. SLBN was
performed in 3 patients with a success rate of 100% without any aggravation of
surgical procedure morbidity. SLNB revealed lymph node involvement in 1 case out
of 3. In this study and 2 others, the lymph nodal involvement diagnosed by SLNB
was confirmed by lymph node dissection [90, 91]. In other studies on SLNB in
CCS, positivity of the SLNB was important: 50% in the study of Andreou et al. [87]
and 35% in the meta-analysis of Wright et al. [92]. In the study of Andreou et al.,
among the 50% SLNB positive patients, about 30% patients had a positive lymph
node dissection with unfavorable evolution to death. All other patients had a nega-
tive lymph node dissection, and among them, about 75% are still alive at the end of
the study with a mean follow-up about 38 months. The impact of SLNB on progno-
sis was confirmed by the meta-analysis of Wright et al. in which positive SLNB was
confirmed to be a poor prognosis factor, regarding local recurrence (22% for posi-
tive SLNB patients versus 10% for patients with negative SLNB), distant recur-
rence (57% for positive SLNB patients versus 14% patients with negative SLNB)
and overall survival (48% for positive SLNB patients versus 5% patients with nega-
tive SLNB). However, the therapeutic impacts of both SLNB and secondary lymph



1 Clear Cell Sarcoma 13

node dissection still have to be demonstrated. Given its low morbidity, this proce-
dure could be applied in CCS surgery.

1.6.1.2 Isolated Limb Perfusion

Because of their location at the distal ends of limbs, isolated limb perfusion (ILP)
could be a good therapeutic option for CCS. However, in the study of Pennacchioli
et al. in 88 patients who underwent ILP, multifocal CCS and epithelioid sarcomas are
the histological subtypes for which local disease-free survival at 5 years was the most
unfavorable: 40.9% versus 67.3% in other histological subtypes (p < 0.05) [93].

1.6.2 Radiotherapy

Given the high local recurrence rate and the high amputation rate in CCS, radio-
therapy could help surgery improve both local control and conservative surgery
rates. No preclinical study has yet evaluated the radio sensitivity of CCS cells.
Kinnaert et al. have published in 2000 data showing a decrease in radiosensitivity of
melanoma cells, which was inversely proportional to the amount of intracellular
melanin [94]. It might be interesting to investigate this point in CCS. Clinical data
are rather in favor of a positive impact of radiotherapy in the treatment of CCS. Indeed,
in the study by Bianchi et al., three patients who underwent positive margins resec-
tion combined with adjuvant radiotherapy showed no local recurrence [14]. In the
series of Eckardt et al., the three patients treated with adjuvant radiotherapy had the
longest follow-up [27]. Also, in the study of Deenik et al. adjuvant radiotherapy was
shown to be a significant good prognosis factor on overall survival [30].

Combining radiotherapy and immunotherapy may be a promising therapy
because of the abscopal effect. Indeed, Marcrom et al. described the case of a
26-year old woman with a recurrent mediastinal CCS showing a durable complete
response after treatment with radiotherapy (50 Gy) and Pembrolizumab recurrence
mediastinal CCS [95].

Preclinical data on CCS cells and mice with lung metastases from CCS showed
an antitumoral activity of the Boron neutron capture therapy without damaging the
surrounding tissues in comparison with conventional radiotherapy [84, 96, 97].

1.6.3 Chemotherapy
1.6.3.1 (Neo)Adjuvant Chemotherapy
As detailed before, the distant metastasis recurrence rate in CCS is high (55%)

(Table 1.1). An effective adjuvant systemic therapy may thus be a good option for
patients with CCS. The study of Kawai et al. in 2007 in 75 CCS patients showed a
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positive impact of adjuvant chemotherapy in univariate analysis: the overall survival
rate at 5 years was 66% in the adjuvant chemotherapy group versus 22% in the
control group [10]. However, it is the only study that demonstrates the adjuvant
chemotherapy interest and its impact on overall survival which was not showed in
multivariate analysis. These data and the low response rate to chemotherapy at the
metastatic stage should make us reconsider the interest to propose patients with
adjuvant chemotherapy.

1.6.3.2 Chemotherapy in the Metastatic Setting

CCS is classically recognized like a chemoresistant tumor. Indeed, in the study by
Jones et al. in 24 metastatic CCS patients treated with chemotherapy (anthracy-
clines + ifosfamide =+ platin), a 4% partial response rate was reported, together with
a 58% progression rate. The median progression-free survival was 11 weeks and the
median overall survival, 39 weeks. For patients treated in second-line, the progres-
sion rate was 92% and in third-line, it dropped to 80%. In the study by Hocar et al.,
24 patients were treated with chemotherapy for their metastatic disease. No effi-
ciency was reported in 21 patients, most of the time after the first 3 cures [13]. The
study by Kawai et al. showed a best partial response rate of about 23.3% for patients
treated with chemotherapy based on cisplatin [10]. In addition to this study, few
cases report a good response to the following chemotherapy regimens, Dacarbazin/
Vincristin/alkylating agent, or Bleomycin/Vincristin.

Caffeine was used in association with chemotherapy in CCS in 2 studies.
Takeuchi et al. showed that a combination of cisplatin, doxorubicin and caffeine had
an objective response rate in 80% of CCS patients [98]. This was confirmed by
Karita et al. who demonstrated in 4 metastatic CCS patients 2 complete response
and 2 partial response after treatment with chemotherapy by doxorubicin, cisplatin
and caffeine in intra-arterial before surgery and intravenous after surgery [99]. The
mechanism of an antitumoral effect of caffeine is not known yet. However, caffeine
was shown to have a synergic antitumoral effect when given in combination with
chemotherapy. To explain this observations, the main hypothesis is that caffeine
may potentiate chemotherapy by inhibiting DNA repair [43, 100, 101].

1.6.4 Targeted Therapy
1.6.4.1 VEGR and PDGR Inhibitors

In a large proportion of CCS expression and activation of PDGFRB is found [72,
102]. CCS share with alveolar sarcoma some characteristics: they are translocation
specific sarcoma, they belong to the MITF family and tumor cells express PDGFRB.

The Sunitinib (VEGFR, PDGFRA/B, Kit, FLT3, RET, M-CSFR inhibitor) was
assessed in alveolar sarcoma by Stacchiotti et al. with encouraging results with
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median PFS at 17 months [103]. They tried the Sunitinib on CCS because of the
common features with alveolar sarcoma on one patient with a response objective
beyond 3 months [104]. Another report case showed a partial response with Sunitinib
in pretreated CCS patient with stabilization of the disease during 12 months [102].

One case of response to Sorafenib (VEGFR2-3, PDGFRB, Kit, BRAF inhibitor)
is described with a stabilization of the disease during 8.2 months [105].

One case of stabilization during 23.6 weeks in pediatric metastatic CCS patient
with Aflibercept (VEGF-A and B inhibitor)

Cediranib (VEGF inhibitor) was assessed in phase III versus placebo in alveolar
sarcoma with good results: decrease in tumor volume, increase objective response and
improve overall survival at 1 year (96% versus 64.3%), demonstrating that a phase III
can be performed on such a rare tumor (Judson et al. abstract 11004 ASCO 2017).

For the Pazopanib in CCS, we only have preclinical data available that showed
that Pazopanib inhibits cMET in vitro and in vivo via autophosphorylation inhibi-
tion which results in delaying tumor growth by stopping the cell cycle [106].

1.6.4.2 MET Inhibitors

CCS is characterized by the specific translocation t(12:22) responsible for produc-
ing a fusion transcript that leads to the activation of MITF (Microphtalmia-associated
transcription factor) that increases the transcription of c-MET.

C-Met is a pro-oncogene frequently dysregulated in cancers. Its ligand is the
HGF (Hepatocyte Growth Factor) which is expressed by stromal and mesenchymal
cells. By its ligand fixation or autophosphorylation of its tyrosine kinase domain
c-MET stimulates the cells proliferation, the cells survival, the invasion, adhesion,
and migration. Apart from increasing c-MET transcription, MITF is also implicated
in regulation of p16 (cell cycle regulation) and Bcl2 (cellular survival).

The excessive expression of MET and the Pi3K/Akt way and ERK way activa-
tion ensuing was demonstrated preclinically on CCS [70, 72] as well as the aberrant
expression of MITF.

MITF tumors associated are a family of rare tumors including CCS, alveolar
sarcomas, and the renal carcinomas linked to the Xp11.2 translocation. Although
morphologically and clinically different these tumors share common characteris-
tics: high incidence in young patients, chemoresistance, high metastatic potential.

Preclinical studies were encouraging, Davis et al. showed that in CCS, ¢c-MET
was expressed in autocrine-activated manner (by HGF). The c-MET activity block-
age by ITK (SU11274) or by an antibody directed against its ligand HGF (AMG102)
reduced significantly CCS cells growth. The impact on tumor growth was observed
also on xenograft for the antibody AMG102 [70, 107].

However the results of clinical studies are disappointing, the phase II evaluating
the effect of Tivantinib (a selective c-MET inhibitor) showed in CCS 9% of partial
response, 27% of stable disease with a median PFS at 2.8 months. The explanation
could be that there are other key factors implicated in proliferation and cell survival
in CCS like EGFR (Epidermal Growth Factor) way [108]. The results are better for
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Crizotinib (c-MET, ALK and ROS inhibitor): on 28 CCS screened, 26 were included
(MET+) with 69.2% of objective response, median PFS of 4.4 months and median
OS of 9.2 months. These results are the same than the results with pazopanib in
pretreated soft tissue sarcoma patients [109].

1.6.4.3 Immunotherapy

The common features between CCS and melanoma leads us to ask the question of
immunotherapy interest in CCS. 2 cases of metastatic CCS with a durable response
of 17 months to Interferon delivered in intralesional or intravenous in combination
with chemotherapy [110, 111]. In the study of Merchant et al. 2 pediatric meta-
static CCS patients were treated by Iplilimumab (CTLA-4 inhibitor) with a stabi-
lization for disease during 6-24 months [112]. With the Pembrolizumab one
partial response and one complete response in metastatic CCS patient were
reported [95, 113].

1.6.4.4 Others
BRAF Inhibitors

There are some cases of BRAF mutations in CCS in the literature: 3.8-23.8%
according the series [13, 51, 72]. In these cases of BRAF mutation some major
responses has been published like Protsenko et al. who described a complete
response of metastatic CCS patient with BRAF mutation to Vemurafenib [114].

HDAC Inhibitors

Preclinical data on HDAC inhibitors are interesting; indeed CCS cells are sensitive
to HDAC inhibitors in vitro by inducing histone H3 acetylation thus creating a stop
in the cell cycle, apoptosis, and differentiation induction. HDAC inhibitors inhibit
fusion transcript expression [115].

Her3 Pathway

Her3, a member of EGFR receptor, is overexpressed in CCS [72, 116, 117] with in
all the cell lines a co-expression with Her2 and/or Her4, there is an overexpression
of neuregulin-1 (an activator of Her3) in only half of cell lines. 2 pan-ERB tyrosine
kinase inhibitors were used with an inhibition of CCS growth correlated with neu-
regulin expression indicating a possible autocrine growth stimulation loop which
could be a new target.



1 Clear Cell Sarcoma 17
1.7 Conclusion

Clear cell sarcoma of the tendons and aponeuroses is an aggressive, rare soft-tissue
tumor, with a propensity for lymph node metastases and characterized by multiple
local recurrences with late metastases and a high rate of tumor deaths. The FNCLCC
grading system is not applicable to CCS, as they are considered at high risk of
metastases. Surgical treatment may be beneficial for tumor without systemic
involvement. Nodal involvement is frequent and is an independent poor prognosis
factor, often associated with distant metastasis recurrence. The sentinel node proce-
dure might be a useful and accurate staging procedure in clear cell sarcoma patients.
Systemic treatment options are poorly standardized and the use of chemotherapy is
based on weak scientific evidence. In a large proportion of clear cell sarcoma,
expression and activation of PDGFRB has been found and objective tumor responses
observed upon tyrosine kinase inhibitors. A phase 2 trial is recruiting to determine
the efficacy of cabozantinib in patients with recurrent or refractory CCS
(NCT02867592). A recent phase II trial demonstrated that crizotinib (MET inhibi-
tor) provided a clinical benefit in almost two-thirds of cases. The common features
between CCS and melanoma lead us to ask the question of immunotherapy interest
in CCS, supported by the publication of several clinical case reports with objective
responses.
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Chapter 2
Epithelioid Sarcoma

Maud Pedrono, Francois Le Loarer, Mickael Ropars, Daniele Williaume,
Nadege Corradini, and Christophe Perrin

2.1 Definition and Bio-Pathologic Diagnosis

2.1.1 Definition

Epithelioid sarcoma (ES) is a rare subtype of soft tissue sarcoma (less than 1% of
soft-tissue sarcomas). The first description was in 1970 by Enzinger [1], after being
described as aponeurotic sarcoma by Laskowski in 1961 and like ““a large cell sar-
coma of tendon sheath” by Bliss and Reed in 1968. It is presumed to be a mesen-
chymal malignancy as they develop primarily in soft tissue, although ES exhibit
both mesenchymal and epithelial markers.
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2.1.2 Criteria for Diagnosis

Macroscopy

Macroscopic findings are poorly specific. ES present as solid, multinodular mass,
with infiltrating margins, gray or white-tan appearance. Tumor size range from 15
to 150 mm, with a mean of 36 mm [2]. Areas of necrosis and hemorrhage are com-
mon, in line with the high grade features of these tumors [2-5].

Microscopy

Histologically, two morphologically distinct subtypes of ES have been delineated,
correlating with their distinct clinical presentations. First, ES distal type present
with pseudo-granulomatous nodules, infiltrating superficial tissues, commonly
complicated with skin ulceration. In this subtype, tumor cells are more heteroge-
neous displaying epithelioid to spindled appearance. Tumor cells are intermingled
with inflammatory infiltrate containing histiocytes, polynuclear cells and lympho-
cytes which may overshadow tumor cells. Second, ES proximal type display a more
straightforward appearance composed of epithelioid tumor cells arranged in sheets.
ES, proximal type typically display large areas of necrosis and hemorrhage [6]
(Fig. 2.1). Tumor cells display large vesicular nuclei atypical but not pleomorphic
and abundant eosinophilic cytoplasm (Fig. 2.1). Rhabdoid features may be focally
present defined as eosinophilic paranuclear condensation [6]. ES are not graded but
considered as high grade tumors [7, 8].

Immunohistochemical Features

ES display diffuse keratin expression, an unusual feature in mesenchymal tumor
[1], including wide or low spectrum keratins and epithelial membrane antigen. CD
34 is positive in half of ES [9, 10]. By definition, all ES lose SMARCB1/INI1
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Fig. 2.1 (a) ES, proximal type composed of sheets of epithelioid cells with abundant cytoplasm
and large vesicular nuclei. (b) Immunostaining with SMARCB1/INI1 antibody showing loss of
normal nuclear expression of the protein in tumor cells while normal endothelial and inflammatory
cells retain normal expression of INII/SMARCBI1



2 Epithelioid Sarcoma 27

expression [10]. The few SMARCB-retained cases reported in the literature pre-
sumably represent misdiagnosis [11, 12]. ES are notably negative for ERG staining
[10] and for SALL4 [13].

Molecular Features

Their underlying molecular features have long been controversial with initial cyto-
genetic reports of chromosomal abnormalities in the 22q region within SMARCB1/
INII locus [14].

Bacterial artificial chromosome-comparative genomic hybridization (BAC-
CGH) studies reported occasional SMARCBI genomic deletion in ES [15] while
mutations were exceedingly rare [16, 17]. Recent studies performed on homoge-
neous series of epithelioid sarcomas with array-CGH and multiplex ligation probe
amplification (MLPA) evidenced that virtually all ES are underlined by 22q11 dele-
tions variable in size but always encompassing SMARCBI locus [11, 12] (Fig. 2.1).
Interestingly, SMARCBI is a potent tumor-suppressor gene involved in the tumori-
genesis of malignant rhabdoid tumors (MRT) [18]. MRT predominantly affect
infants and children although it may occur at any age [19]. In MRT, SMARCBI
inactivation occur mainly through loss of function mutations [19]. This gene
encodes for a key subunit of SWI/SNF chromatin remodeling complexes in charge
of gene translation regulation [20]. The frequency of loss of SMARCBI expression
is the same in primary tumors, local recurrences and metastases, suggesting that this
mutation occurs early in the tumor genesis [9].

A relation between ES (proximal type especially) and MRT has long been sus-
pected based on their overlapping morphological features and the involvement of the
very same tumor suppressor gene. ES occur primarily in young and middle-aged
adults as opposed to MRT which predominate in children. ES have not been reported
so far in patients with rhabdoid tumor familial predisposition syndrome. However, a
patient affected by ES distal type have been shown to carry SMARCBI heterozy-
gous deletion in normal tissue but the clinical significance of this isolated report
remain unknown [12]. MRT are extremely aggressive and nearly always rapidly fatal
while ES, display a protracted clinical course. This loss of expression is also describe
in many tumors like rhabdoid tumors, epithelioid malignant schwannomas but not in
metastatic carcinomas, melanomas, epithelioid angiosarcomas, histiocytic sarcoma
which are also differential diagnosis of ES [10]. In comparison with rhabdoid tumour
(the other major group of INI1-negative cancers), epithelioid sarcoma shows a rela-
tively high level of genomic aberrations [21]. Although, all cases are characterized
by loss of INII expression, more than 30% of them have no genetic aberration of
INI1 [21]. The mechanism of INII protein loss in this INI1-wild type epithelioid
sarcoma is not fully understood and may involve epigenetic events such as
methylation.

CA-125, a serum antigen commonly used as a marker for ovarian cancer, was
recently shown to be over- expressed in ES tumors (between 76 to 91%) [22, 23].
Kato et al. concluded that CA125 can be a very useful marker in the differential
diagnosis of ES from other mesenchymal soft tissue tumors.
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2.2 Differential Diagnosis

ES distal type may be histologically confused with benign/reactive granulomatous
reaction as the inflammation may obscure tumor cells. Conversely pseudomyogenic
hemangioendothelioma may be misdiagnosed as ES due to expression of CD34.
However they do not lose SMARCBI1 expression and express specific vascular
markers such as ERG. ES, proximal type may pose diagnostic difficulties with
malignant rhabdoid tumors. The expression of the embryonal marker SALL4 favor
the diagnosis of rhabdoid tumor [13]. The consistent expression of cytokeratins may
also mislead to a diagnosis of carcinoma [24].

2.3 Epidemiology and Physiopathology

2.3.1 Epidemiology

ES represent less than 1% of soft-tissue sarcomas (0.03%) [25]. It is more common
proportionally in young patients, accounting for about 2% of pediatric soft-tissue
sarcomas. All of recent studies have a very similar description of Chase and Enzinger
in 1985.

More than 75% of patients have an age between 10 and 39 years [2], the mean
age is around 30 years [2, 5, 26]. There is a male predominant with an index of
1.8-2.7 men for 1 woman [2, 5].

Distal limb locations are most common, especially the distal upper limb (up to
58%) [1, 2, 4, 26]. Next in frequency are distal lower limb (15%), proximal lower
limb (12%), proximal upper limb (10%), trunk especially penile and vulva (3%),
head and neck (1%) [2] (Fig. 2.2).

The classic subtype is reported nearly twice as often as a second the proximal
subtype [8].

2.3.2 Physiopathology

The histological origin of ES remains unknown and still a matter of debate. No
murine model has been developped to apprehend their pathogenesis.

2.4 Clinical Presentations

The tumor frequently appears as a firm nodule, often accompanied by ulceration,
hemorrhage and necrosis plaques (Fig. 2.3). The lesion grows slowly, can invade
dermis, subcutis and depth in soft tissue, the margins are often raised. Size can
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Fig. 2.2 Anatomical distribution of ES
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Fig. 2.3 (a) man aged 18 years, for several months evolution of an ulcerated mass of 6 cm on the
palmar face of the right hand. (b—c¢) MRI: poorly limited lesion, burrowing and infiltrating. 39 x 19
x 15 mm. Subcutaneous lesion that extend deep to the fascia, and to the muscles. T1 hypointense
(b), T2 fat hypersignal with enhancement after gadolinium injection (c)

attain 200 mm in diameter. Pain and sensitivo-motor disorders are variable
depending on the location. It can extend along tendon sheaths, facial planes and
aponevroses [2].

Many cases (up to 27%) [2, 27] has been associated with antecedent of trauma
(crush injuries, bone fractures, scar tissue, site of tattoo...) but no causal relationship
is demonstrated.

2.5 Evolution

ES has a local recurrence rate up to 70% in some series [2, 26], it’s very important
unlike other soft tissue sarcomas. Median time interval from surgery to first local
relapse for those who relapsed is 9—10 months [5, 26]. ES has a tendency to spread
locally, probably by way of lymphatics or along fascial planes, and regional recurrences
are nodes or transit-type metastases. The rate of occurrence of lymph node metastases
in ES is between 22% and 45% [4, 5, 26]. This rate is considerable compare with the
rate of 2.6% for all subtypes of soft tissue sarcoma combined [28]. The mean length of
time to the development of nodal recurrence from local excision is 18 months [26].
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In regard to distant metastasis, the most common site for ES is pulmonary, like
other soft tissue sarcomas with rate from 21 to 44% [2, 5, 26]. The 5-years distant
metastasis rate is 40-45% [1, 5, 26]. The other sites of metastasis disease are: scalp
(from 8 to 22%) and rarely in other soft tissues, bones, brain [1, 5].

The overall survival at 5- and 10 years for all ES is between 45-80% and 42—-62%
respectively [2, 4,5, 8, 26, 29]. Median survival for all stage is around 80-90 months
from the time of definitive diagnosis. The median survival after diagnosis of distant
metastases is between 5 and 28 months [5, 26, 30].

Adverse prognostic factors in both classic and proximal subtype are hardly spe-
cific, including : older age, male sex [2, 26], the size of the primary lesion, espe-
cially more than 5 cm [4, 31], multifocality [2, 4, 5], the depth of the tumor (in
relation to deep fascia) [5, 29], mitotic activity, extensive necrosis, proximal limb
tumor [1, 2], locoregional and metastasis disease [5], lymph node involvement and
R1 resection [4, 5]. ES, proximal type display a more aggressive course which is
most probably related to their deep-seated location delaying their diagnosis [6, 32].
The rate of local recurrence (65%), of metastasis (40-75%) are higher, and earlier
[7]. But it is not certain if the reduced survival associated with the proximal subtype
is due to its different histomorphology or to its lesser surgical resectability because
of the deeper location.

2.6 Management of ES [6]

There is no consensual guideline, the literature is essentially composed of case
report or small series of ES or in large series of STS with some cases of
ES. Accordingly, the therapeutic approach for ES reflect the standard to high grade
STS [33, 34].

In childhood and adolescence, pediatric oncologists consider ES among the large
and heterogeneous group of non-rhabdomyosarcoma soft tissue sarcomas (NRSTS)
that differ from rhabdomyosarcoma (RMS) by their relative insensitivity to chemo-
therapy and radiotherapy.

2.6.1 Diagnosis and Staging Procedures

MRI is the main imaging modality for STS of extremities (Fig. 2.3). The standard
approach to diagnosis consists of multiple core needle biopsies (>14 to 16 G nee-
dles) preferably after multidisciplinary discussion with a reference center. The
biopsy should be achieved by a radiologist or a surgeon, ideally in a reference
center and by the surgeon who will operate the patient, because it must be planned
in such a way that the biopsy pathway and the scar can be removed by definitive
surgery [33].
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Histological diagnosis should be made according to the 2013 WHO classifica-
tion. All cases have to be confirmed by a pathological expert validation if the origi-
nal diagnosis was made outside a reference center [33, 35].

A chest CT scan is mandatory for staging, to diagnose pulmonary lesions, the
main site of metastasis. Because of a high rate of occurrence of lymph node metas-
tases in ES, regional assessment through CT scan or MRI may be added [33]. Asano
et al. perform PET-CT examinations to evaluate lymph node involvement. If it is
suspected they planned a lymph node dissection [36].

2.6.2 Surgical Approaches

Surgical excision remains the primary modality of treatment for the patients with
ES. It must be performed by a surgeon specifically trained in the treatment of sar-
coma [33]. The standard surgical procedure is a wide excision with negative mar-
gins (RO) and without tumor rupture. Cut-off the minimal margin may depend on
several factors, including subtype, preoperative t