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The refinement of the histological classification and
grading of sarcomas has enabled a large variety
of nosological entities to be distinguished, while
progress in the understanding of molecular alterations
associated with sarcoma subtypes enabled the iden-
tification of early mutational events during tumour
progression such as translocations and mutation of
tyrosine kinases [1,2]. This knowledge is now guiding
the development of novel agents in sarcomas.

Heterogeneous tumours, similar treatment?

Indeed, despite major progress in the classification
of sarcomas, the treatment of these rare tumours has
remained remarkably homogeneous both in localised
and advanced settings. In the localised setting, primary
biopsy followed by en bloc resection of the tumour,
and adjuvant (sometimes neoadjuvant) radiotherapy
represents the standard therapeutic approach for tu-
mours >5cm, deeply seated and FNCLCC grade
above 1. Chemotherapy is based on doxorubicin and
ifosfamide, and can be delivered in the neoadjuvant
setting when the tumour is not operable, aiming
for tumour shrinkage and subsequent removal of
the tumour (Casali 2010). Adjuvant treatment is
recommended by some teams in specific cases without
formal demonstration of an improvement in overall
survival. Hyperthermia combined with chemotherapy
has been shown to improve relapse-free survival in a
single large randomised trial. In the advanced setting,
doxorubicin, ifosfamide, DTIC and trabectedin remain
the only registered cytotoxics for this indication, while
imatinib in GIST and DFSP, and sunitinib, in second-
line GIST are the only registered agents. Until recently,
the homogeneity of clinical management contrasted,
therefore, sharply with the heterogeneity of disease
types that was being extensively characterised at the
molecular level [3.,4].
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Histotype-adapted cytotoxic and targeted
treatment

Recently some agents have been reported to exert
specific activities in selected sarcoma subtypes: for
cytotoxics, specific agents are now considered as par-
ticularly active in specific cell types, e.g. trabectedin in
leiomyosarcomas and liposarcomas [5], taxanes and
microtubule targeting agents in angiosarcomas [6],
gemcitabine, and DTIC in leiomyosarcomas [7].

Molecular classification of sarcomas

In 2011, sarcomas can now be classified into distinct

molecular and pathological entities: six molecular

subgroups of connective tissue tumours may be

distinguished as of now, keeping in mind that this is a

rapidly evolving classification:

(1) Sarcoma with specific translocations generating
a fusion gene whose protein products modulate
transcription or may act as growth factors (e.g.
EWS/Flil in Ewing sarcomas, PDGF-collal in
DFSP);

(2) Sarcomas with mutated activated kinases (KIT in
GIST);

(3) Sarcomas with deletion of tumour suppressor
genes such as NF] sarcomas;

(4) MDM?2 and CDK4 amplification in WD/DD li-
posarcomas;

(5) Sarcomas with gross genetic alterations (e.g.
leiomyosarcomas);

(6) Tumours with alterations of the intercellular adhe-
sion pathways (aggressive fibromatosis with APC
deletion or [ catenin mutations) [8-16].

A rational approach to drug development in
sarcoma

The new treatment approaches in these tumours are
following the same refinements, targeting more ac-
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curately specific molecular and histological subtypes,
guided by the known molecular biology of these
tumours. Importantly, the identification of a driver — or
consistent — molecular alteration in a specific histotype
has been more efficient to identifying active treatment,
than the sole expression of a specific marker. We
present below some examples of these approaches.

Specific therapeutic for molecular subtypes of GIST

Targeting of KIT with specific tyrosine kinase in-
hibitors imatinib, then sunitinib (and more recently
in clinical trials everolimus, nilotinib, sorafenib,
dasatinib, HSP90 inhibitors, regorafenib), has led to
major improvement in the survival of these patients
affected with an otherwise chemo- and radio-resistant
disease [3]. While molecular characterisation of GIST
and identification of KIT mutations and then PDGFR
mutations were first reported in 1998, it is now
clear that many different molecular subtypes of GIST
can be identified, with specific clinical presentation,
prognosis, outcome and treatment. GIST with muta-
tions of KIT on exon 11, on exon 9, more rarely
on exons 13, 14, 17, mutations of PDGFRA on
exon 18 D842V, other mutations on exons 18, 12,
14, mutation of BRAF', loss of NFI, and mutations
on succinyl deshydrogenase enzyme complexes are
characterised by specific clinical presentations, out-
comes, and response to treatment. They now should be
treated with different strategies, both in metastatic and
adjuvant phases. Tumours with mutations on exon 9
should receive 800 mg/day of imatinib in the advanced
phase, while this treatment is not active in PDGFRA
D842V mutations, poorly active in SDH mutations,
and tumours with NF'I loss. Specific agents, such as
crenolanib are starting to be developed in the specific
molecular subtype of PDGFRA D842V mutation.

Imatinib in pigmented villonodular synoviti/
-tenosynovial giant cell tumour

Pigmented villonodular synovitis (PVNS), also known
as tenosynovial giant cell tumour (TGCT), is a rare
pathological entity affecting the synovium in young
adults. It is a locally aggressive neoplastic process
with specific genetic alterations (92-95), a specific
t(1;2) translocation, involving the collagen 6A3 gene
(on 2qg35), and the M-CSF (a.k.a CSF1) gene (on
1pl13), is present in a fraction of tumour cells in
PVNS/TGCT. This fusion gene expressed by a fraction
of the cells encodes for a fusion protein that attracts
non-neoplastic cells expressing M-CSFR, through a
paracrine (“landscape”) effect. PVNS/TGCT is gener-
ally treated by surgery alone. However, relapses may

occur, and re-excision may be needed, with possible
important functional impairment [17]. Imatinib has
been reported to block M-CSFR activation at ther-
apeutic concentration. These observations prompted
us to evaluate imatinib in a patient with recurrent
and symptomatic PVNS/TGCT following surgery: a
complete remission was observed in the first patient. A
subsequent retrospective study confirmed the activity
of this agent in a larger retrospective cohort and two
prospective clinical trials are currently testing nilotinib
in this tumour with a rapid inclusion rate [18].

IGFIR in Ewing sarcomas and other sarcomas

Ewing sarcomas are characterised by fusion genes that
encode for transcription factors regulating a number
of genes; among these the IGFBP3 gene has been
found down-regulated by the fusion protein. IGFBP3
regulates the IGF1/IGFIR pathway, by interacting
with IGF1 and recombinant IGFBP3 inhibits the
proliferation of ES cells and promotes apoptosis
in Ewing sarcoma cell lines [8]. With this strong
biological rationale, phase I and II trials of IGF1R Ab
were conducted. The current results suggest a 30% rate
of tumour control in patients with refractory disease,
with some long-lasting responses in patients with
single-agent therapy. It will be important to identify
additional predictive markers for these treatments in
these diseases.

MDM?2 amplification in well-differentiated and
dedifferentiated liposarcomas

The constant amplification of the MDM?2 gene and less
consistently of the CDK4 gene in well-differentiated
and dedifferentiated liposarcomas suggests that in-
hibitors of these proteins might have therapeutic
value [11]. Phase I trials of CDK4 inhibitors are
currently being performed. Phase 1 trials testing
inhibitors of MDM2/p53 interactions (nutlin, RG7112)
have been conducted and reported at ASCO 2011
(Ray-Coquard and colleagues, Proc ASCO 2011)
showing major signs of pharmacodynamic response
in these tumours, with an induction of p53, p21, cell
cycle arrest, apoptosis, systemic induction of MICI,
as early as eight days after exposure to the agent.

Molecular targeted agents: empirical approaches

Although a growing numbers of sarcomas exhibit
molecular alterations on proteins whose function can
be modulated, still the majority of subsets do not
yet have a druggable “driver” molecular alteration. In
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these cases, targeting a biological pathway shared by
different histotypes can still be a proposed strategy.
Trials exploring inhibitors of mTOR, of VEGFR, and
modulators of heat shock proteins can be grouped
within such an empirical approach.

Inhibitors of mTOR

The most documented mTOR inhibitor for the treat-
ment of sarcomas is ridaforolimus, for which the
initial results of a large phase II trial showed clinical
benefit (i.e. CR+PR+SD by RECIST criteria for more
than four months) in 28% of patients (Chawla and
colleagues, Proc ASCO 2006). This molecule has
been tested in a phase III trial (SUCCEED) testing
maintenance following response or stable disease
in the first to third line of treatment including
711 patients. Reported at ASCO 20111, ridaforolimus
very significantly improved PFS in this series (RR,
0.71, P <0.0001) (Chawla et al, Proc ASCO 2011).

Agents targeting angiogenesis

A phase II trial with the VEGFR2 tyrosine kinase
inhibitor pazopanib (in four strata: leiomyosarcoma,
liposarcomas, synovial sarcomas and others) had
shown antitumor activity with a median PFS be-
yond that of active agents according to the EORTC
model [19] for all subtypes, but liposarcomas, with
responses in synovial sarcomas, and leiomyosarcomas,
and four months PFS >40% for all subgroups
but LPS; some patients (135) are still experiencing
prolonged progression-free survival 60 months after
initiation of the treatment. This study was followed
by a prospective randomised phase III study vs.
placebo (PALETTE, EORTC 62072) showing a very
significant improvement in progression-free survival in
a series of 369 patients (HR, 0.31, P <0.0001) (Van
der Graf et al Proc ASCO 2011).

Conclusions

Research on soft tissue, visceral, and bone sarcoma
is a very active area of both clinical and biological
research. Dramatic progress has been made through
the understanding of the biology of these tumours,
and has allowed the development of targeted therapies,
cytotoxics, focussing specifically on given histological
subtypes and leading to improvements in disease
control rate and survival.
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