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Histology-driven therapy for soft-tissue sarcomas
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Abstract

Soft-tissue sarcomas (STS) are a group of rare and heterogeneous mesenchymal tumours that can arise
anywhere in the body. The aim of treatment in patients with advanced or metastatic STS is palliative

and prognosis remains poor. Surgery remains the mainstay of treatment for localised disease, along with
radiotherapy and chemotherapy has been traditionally reserved for metastatic disease, although it also has a
role in the neoadjuvant and adjuvant setting. Several drugs have been investigated as second- or further-line
therapy, with evidence of variable sensitivity across histological subtypes. As a result, the treatment scenario for
STS is becoming more varied and the clinical decision on the best treatment options in the individual is usually
driven by histology. In rare cancers such as STS, this tendency towards the use of histotype-tailored therapies
will require further cooperation on a global scale as well as continuous research for methodological innovations

in clinical research.
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Introduction

Soft-tissue sarcomas (STS) are a group of rare and hetero-
geneous mesenchymal tumours, including more than 50
different histological subtypes [1]. They recapitulate char-
acteristics of muscle, fat, and fibrous supporting structures
and can potentially arise everywhere in the body, although
limbsandlimbgirdlesarethemostcommonprimarysites[2].
Surgery remains the mainstay in the treatment of localised
disease, along with radiotherapy which has been proven to
be associated with a lower rate of local recurrence [3, 4].
Chemotherapy has been traditionally reserved for
metastatic disease, although its role in the neoadju-
vant and adjuvant setting has also been explored [5, 6].
As of today, the aim of treatment in patients with advanced
or metastatic STS is palliative and prognosis remains poor
(in old series, median survival has been in the order of 12
months [7]). In the last decade, several drugs have been
tested as second- or further-line therapy, with evidence
of a variable sensitivity to treatments across histological
subtypes. On this basis, the treatment scenario for STS
patients is becoming more and more varied and the clini-
cal decision on the best sequence tends to be driven by
histology.

Standard chemotherapy

Doxorubicin, alone or in combination with ifosfamide, has
been widely used since 1970s in the treatment of advanced
and metastatic STS. Doxorubicin as a single agent, admin-
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istered at 75 mg/m? every 21 days, can produce an overall
response rate of 20% with a median survival in the meta-
static setting of one year [7, 8]. Unfortunately, doxorubicin
use is limited by its well-known cardiotoxicity, which is
mainly related to cumulative dose (>550 mg/m?). An al-
ternative is pegylated liposomal doxorubicin, which has a
better tolerability profile, although convincing evidence of
its efficacy compared with standard doxorubicin is lack-
ing [9]. Ifosfamide is an alkylating agent which was intro-
duced in the treatment of metastatic STS in the 1980s. As
a single-agent, it is administered at doses of 6-9 g/m?and
it is associated with an overall response rate of 20% [10].
Ifosfamide is highly effective in synovial sarcoma (SS)
and has recently been reported as being effective in dedif-
ferentiated liposarcoma when administered at high dose
(14 g/sqm) as a continuous infusion (for 14 days every
4 weeks) [11, 12]. Ifosfamide is often used at high doses
in second-line chemotherapy [13], mainly in synovial sar-
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comas and dedifferentiated liposarcomas, but also in pa-
tients already exposed to standard doses (~6—9 g/m?). The
toxicity profile is not negligible when administered over
4-5 days, but prolonged infusion over 14 days may make
it more tolerable [14]. Conversely, ifosfamide showed
poor activity in leiomyosarcoma, at least in retrospec-
tive series [6]. The role of the combination doxorubicin
plus ifosfamide is still largely debated. In the metastatic
setting, it has been proven to improve significantly pro-
gression free survival (PFS, 7.4 vs 4.6 months, p=0.0002)
and response rate, but no significant impact on overall
survival (OS) has been convincingly demonstrated [7].
On the basis of these data, the routine use of this com-
bination for STS patients in the palliative setting cannot
be regarded as standard. However, it can be considered
in selected patients when tumour shrinkage is critical, for
highly sensitive histotypes (i.e. synovial sarcoma) or in
the adjuvant or neoadjuvant setting.

Histology-driven chemotherapy

Dacarbazine and temozolomide

Temozolomide is an imidazotetrazine derivative of the
alkylating agent dacarbazine. Both dacarbazine and temo-
zolomide have been reported to be effective in pretreated
STS patients, but their activity, alone or in combination,
has been found to be promising in leiomyosarcoma [15].
In particular, the association between dacarbazine and
gemcitabine was proven to be safe, thus representing a
valuable treatment option in leiomyosarcoma [16]. Te-
mozolomide in combination with bevacizumab, as well
as dacarbazine as a single agent, have been found to be
effective in the treatment of locally advanced/metastatic
solitary fibrous tumour (SFT) [17]. In a recent paper from
Stacchiotti et al., an SFT responding to dacarbazine har-
boured a methylation of the O6-methylguanine-DNA-
methyltransferase (MGMT) gene, whose predictive value
in this disease is a subject of research [18].

Taxanes and gemcitabine

Despite being poorly active in STS, taxanes have showed
remarkable activity in angiosarcoma. Paclitaxel is a mi-
totic inhibitor with potent anti-angiogenic activity at low
doses [19]. Weekly paclitaxel (80 mg/m? on days 1, 8, and
15 of a 4-week cycle) in patients affected by unresect-
able angiosarcoma achieved a response rate at 6 months
of 19% and a median PFS of 4 months [20]. Its activity
seems to be of interest when face and scalp are primar-
ily involved, which might be due to either a more lim-
ited tumour bulk or to superior delivery of the drug [21].
Gemcitabine alone (1000 mg/m? i.v. per week for 3 weeks,

every 4 weeks) was also shown to be active in advanced,
progressive angiosarcoma, with overall high response
rates and a favourable tolerability profile [22]. Docetaxel
and gemcitabine, both with modest activity in STS, have
been combined based on their synergism, and proved to
be active in the treatment of leiomyosarcoma, especially
uterine, and possibly pleomorphic sarcomas with myo-
genic differentiation. However, toxicity is substantial and
there are conflicting results in comparison with gemcit-
abine alone, which is far better tolerated and could thus be
preferred in the palliative setting [23, 24].

Trabectedin

In Europe, trabectedin was approved in 2007 as a second
line in the treatment of advanced STS after the failure
of anthracycline-based regimens. Despite a low overall
response rate (4—8%), trabectedin provides durable con-
trol of disease in STS (6-month PFS 24-35.5%; median
OS 9.2-13.9 months) [25-28]. Enhanced benefits as
longer PFS (4.4 vs 2.6 months) and time to progression
(TTP, 4.4 vs 3.0 months), higher ORR (6.4 vs 4.9%) and a
favorabletrendinsurvival (17.4vs 13.3 months, p=0.0575)
were consistently found in patients treated with trabect-
edin earlier as second-line chemotherapy with an OS
rate at 12 months of 68.1% [29]. Furthermore it has been
proven to be particularly effective in leiomyosarcomas
and in some translocation-related sarcoma (TRS [30]),
including synovial sarcoma (SS), endometrial stromal
sarcoma (ESS), alveolar soft part sarcoma (ASPS) [31],
clear cell sarcoma (CCS) and, above all, myxoid-round
cell liposarcoma (MRC-L). MLS account for about
30-35% of liposarcomas and carry characteristic chro-
mosomal translocations, t(12;16)(q13;p11), resulting
in the DDIT3-TLS, and the rarer t(12;22)(q13;q12),
resulting in DDIT3-EWS fusion protein. In metastatic
MRC-L, trabectedin is associated with an overall re-
sponse rate of 50% with a median PFS of 17 months [32].
Its value has also been proven in the neoadjuvant set-
ting, where a 13% pathologic complete response has
been reported [33]. Toxicity is manageable and mainly
represented by an asymptomatic increase in liver en-
zymes and transient fatigue, while more significant tox-
icities, such as neutropenia and thrombocytopenia, can
be markedly reduced through appropriate dosing, ster-
oid premedication and careful patient selection [34].
The selective mechanism of action of trabectedin in
MRC-L is specific and related to its ability to cause
functional inactivation of the oncogenic chimera with
consequent repression of adipocytic differentiation [35].
A substantial impact on the tumour microenvironment
by reducing the production of key inflammatory media-
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tors has also been described, though the clinical meaning
is not yet elucidated [36].

Cisplatin and etoposide

Malignant peripheral nerve sheet tumours (MPNST) are
an exceedingly uncommon biologically aggressive STS of
neural differentiation, with a poor prognosis. Skotheim et al.
identified topoisomerase Ila as a target gene in MPNST, sug-
gesting a potential role for etoposide (a topoisomerase Ila in-
hibitor) in the treatment of this disease [37]. The combination
of etoposide with carboplatin showed some activity in MP-
NST cases refractory to first-line therapy but, due to its rarity,
only limited data are available [38]. However, this subtype
could potentially benefit from the association of ifosfamide
and etoposide, which is currently under evaluation.

Histology-driven target therapy

Imatinib

Dermatofibrosarcoma protuberans (DFSP) is a rare sar-
coma of the skin of fibroblastic/myofibroblastic origin,
which usually affects the dermis and underlying soft tis-
sue. Nearly 90% of DFSPs are characterized by the pres-
ence of a rearrangement of chromosomes 17 and 22, which
can be represented by both translocation t(17;22) (q22;
ql3) or by a supernumerary ring chromosome contain-
ing several copies of the t(17;22) breakpoint region. This
genetic aberration results in the fusion of the COL1A1
and PDGFB genes, subsequent PDGFB upregulation un-
der the control of the COL1A1 promoter and autocrine/
paracrine stimulation through PDGFRa and PDGFRS,
which is thought to be a key point in DFSP pathogenesis.
The identification of a specific pathway driving the de-
velopment of DFSP, provided the background for testing
imatinib activity in this disease; in 2005, McArthur et al.
analysed the efficacy of imatinib, at the dose of 400 mg
twice a day, in the treatment of six patients with locally
advanced DFSP and two patients with metastatic disease.
Interestingly, all the patients with t(11;22) translocation
had a partial response [39]. These preliminary data were
confirmed in a subsequent paper by Stacchiotti et al. [40].
Today, imatinib is approved in the US and Europe for the
treatment of unresectable DFSP. Although wide surgical
excision remains the standard of care, patients with lo-
cally advanced disease not suitable for surgical excision
should be started on neoadjuvant imatinib, with the aim of
achieving a response, followed by surgery.

Sirolimus

Perivascular epithelioid cell tumours (PEComas) belong
to the STS family, and are marked by inactivating tumour
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suppressor complex (TSC) gene mutations. The loss of
TSC, which normally acts as an inhibitor of the mam-
malian target of rapamycin (mTor), leads to a constitutive
activation of the mTor pathway, which is thought to be
crucial in the pathogenesis of this disease [41, 42]. Siroli-
mus acts by blocking mTor activation of downstream ki-
nases and restoring balance in cells with defective TSC
gene function. Evidence from the literature suggests that
treatment with sirolimus induces radiological response
in patients affected by PEComa and is associated with a
clinical benefit, though response duration may be short-
lasting [43—45].

Crizotinib

Half of all inflammatory myofibroblastic tumours (IMTs)
carry rearrangements of the anaplastic lymphoma kinase
(ALK) locus on chromosome 2p23, causing aberrant ALK
expression [46]. Distant metastases occur primarily in
ALK-negative IMTs, but local recurrence occurs regard-
less of ALK expression [46, 47]. In these patients crizo-
tinib was proven to induce a long-term substantial partial
response [48]. In addition, crizotinib showed good toler-
ability profile, also with long-term administration.

Pazopanib

Preclinical studies showed that VEGF is over-expressed
and that circulating angiogenic factor levels correlate with
extent of disease and risk of recurrence in patients with
STS. Pazopanib, an oral angiogenesis inhibitor targeting
VEGFR and PDGFR, was initially explored in a phase II
study in patients with progressive STS stratified by his-
tology (adipocytic STS versus lelomyosarcoma versus SS
versus other eligible STS subtypes). The rate of PFS at 12
weeks, which was the primary endpoint, was 44% for lei-
omyosarcoma, 49% for SS and 39% for other types of sar-
coma. The adipocytic stratum showed insufficient activ-
ity (26%) [49]. A subsequent randomised phase III study
confirmed the activity of pazopanib in non-adipocytic
progressive STS, showing a PFS of 4.6 months for pazo-
panib compared with 1.6 months for placebo (p<0.0001).
A positive trend favouring pazopanib was also recorded in
overall survival (12.5 months versus 10.7 months), with-
out reaching statistical significance (p=0.25). No differ-
ences in efficacy were recorded among different histologi-
cal subtypes [50].

Sorafenib

Sorafenib is an oral small molecule B-RAF and VEGFR
inhibitor tested in many different subtypes of STS; several
phase II studies are reported in the literature, and activ-
ity seems to be largely variable depending on histology.
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Preliminary data from a phase II study on recurrent meta-
static sarcoma suggested a potential activity of sorafenib
(800 mg/day) in angiosarcoma and leiomyosarcoma [51].
A subsequent study from Ray-Coquard et al. [52] showed
only limited activity of the drug in angiosarcoma (no re-
sponse in chemotherapy naive patients, 23% response rate
in the pretreated population) and short duration of tumour
control. Conversely, its potential activity in metastatic
leiomyosarcoma has been recently confirmed in a phase
II study from Santoro et al. [53]. Preliminary results have
also been reported from the French Sarcoma Group in pro-
gressive epithelioid hemangioendothelioma [54] in which
the 9-month progression-free survival rate was 30.7%, and
in SFT [55], in which two out of the five treated patients
achieved 9 months’ disease control, but sorafenib needs to
be validated in larger cohort of patients. Gounder et al. ret-
rospectively evaluated data from 26 patients with desmoid-
type fibromatosis treated with sorafenib (400 mg/day), and
reported 25% partial response rate and 70% stable disease
rate at 6 months [56]. Interestingly, 70% of the patients re-
ported a rapid improvement in symptoms during treatment,
suggesting that response was more a function of disease bi-
ology (APC mutation for intra-abdominal desmoids versus
b-catenin mutation commonly observed in others) than due
to sorafenib’s anti-angiogenic effect.

Sunitinib

Alveolar soft part sarcoma (ASPS) is a rare chemoresistant
subtype of STS. The upstream target analysis showed a
consistent activation of PDGFR, as well as EGFR, MET
and RET pathways. VEGFR axis has also been proven to
be occasionally activated. The downstream target analy-
sis showed a strong activation of phosphatidylinositol
3-kinase/AKT, extracellular signal-regulated kinases1/2,
mTOR and its targets, without any upstream mTOR effec-
tor deregulation. These preclinical findings provided a ra-
tionale for the use of sunitinib malate, an oral receptor ty-
rosine kinase inhibitor targeting PDGFR, VEGFR and RET
receptors [57]. Sunitinib, at the dose of 37.5 mg once dai-
ly, was tested in nine patients with progressive, advanced
ASPS, reporting partial response as best response in five
cases, stable disease in three, and progression in one [58].
Encouraging results were also reported for SFT. In a case
series analysis, Stacchiotti et al. reported the use of su-
nitinib malate in 11 patients with progressive metastatic
SFT resistant to chemotherapy, with six non-dimensional
responses (all with Response Evaluation Criteria in Solid
Tumors [RECIST] “stable disease”), one patient with sta-

ble disease, and three with progressive disease, according
to Choi criteria [59]. The same group reported activity of
sunitinib malate in a clear cell sarcoma, a rare STS variant
expressing the melanocyte-specific form of the microph-
thalmia transcription factor (MITF) and showing PDG-
FRB activation [60].

Ongoing studies

Several ongoing clinical trials aim to explore the value of
histotype-tailored treatment. An example is the ongoing
phase III study from the Italian Sarcoma Group, which is
comparing standard neoadjuvant chemotherapy of epiru-
bicin plus ifosfamide versus histology-driven chemother-
apy, in localized high-risk STS. Five histological groups
(80% STS) are included in the study: leiomyosarcoma,
MRC-L, SS, MPNST and undifferentiated pleomorphic
sarcoma. The histology-driven chemotherapy for these
groups are, respectively, gemcitabine plus dacarbazine,
trabectedin, high-dose ifosfamide, ifosfamide plus etopo-
side and gemcitabine plus docetaxel. The primary end
point will be disease-free survival (DFS) and, secondar-
ily, OS [61]. The ANGIO-TAX-PLUS is a phase II ran-
domised study from the French Sarcoma Group exploring
the value of adding bevacizumab to weekly paclitaxel [62]
in metastatic and locally advanced angiosarcoma, while
the LMS03 from UNICANCER is a phase II study ex-
ploring the efficacy of gemcitabine with pazopanib as
second-line treatment in patients with metastatic leiomyo-
sarcoma. Cediranib is a new anti-angiogenic drug whose
activity in the treatment of ASPS is under evaluation in
an ongoing phase II study [63]. Conversely, other studies
aim to explore the activity of a new compound in differ-
ent histological subtypes of STS sharing the same genetic
abnormality: this is the case in the CREATE study, which
is assessing anti-tumour activity of crizotinib in patients
with a variety of STS (IMT, ASPS, CCS and alveolar
rhabdomyosarcoma), harbouring alterations leading to
ALK and/or MET activation [64].

Conclusions

During the last decade, the number of treatment options
available for STS patients has increased substantially, al-
though most new agents have anti-tumour activity con-
fined to specific histological subtypes. In a rare group
of cancers such as STS, this tendency toward the use of
histotype-tailored therapies will require further coopera-
tion on a global scale, as well as continuous research for
methodological innovations in clinical research.
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