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Soft tissue sarcomas are rare tumours in adults and therefore require a
multidisciplinary approach for optimal management. In the metastatic setting, chemotherapy is the primary modality of therapy. Doxorubicin alone or
in combination with ifosfamide or dacarbazine has been the backbone of
therapy since the 1970s. There is considerable activity for gemcitabine and
docetaxel in leiomyosarcoma and for paclitaxel in angiosarcoma. Newer
agents such as trabectedin and eribulin may have a role in certain sarcoma
subtypes. Palifosfamide may offer a safer alternative to ifosfamide in the
future. Many sarcomas have molecular aberrations that can be targeted.
Agents that inhibit the insulin-like growth factor receptor-!, mammalian
target of rapamycin and vascular endothelial growth factor are currently
being investigated.

Soft tissue sarcomas (STS) represent less than
I% of adult malignancies.£11 In the advanced setting, doxorubicin either alone or in combination
with other agents has remained the standard of

care for several decades. Although most patients
with metastatic disease remain incurable, some
patients with limited disease can still achieve a
long-term remission through a multidisciplinary
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approach involving medical, surgical and radiation therapy. For these patients, the goals of care
are to prolong life while maintaining or improving quality of life (QOL). In this scenario, stabilization of disease can be a meaningful endpoint.
In that regard, Van Glabbeke et al.l2l have identified appropriate baseline criteria for future
phase II sarcoma studies using absence of progression (or progression-free rate [PFR]) as a
primary endpoint. References for drug activity
were defined by this study as a 6-month PFR of
3~56% depending on histology for first-line treatment and a 3-month PFR of~40% in the secondline setting.
There are over 50 different types of STS, some
more sensitive to chemotherapy than others.
Traditionally, the activity of a new drug in

STS was determined by studying it in all subtypes. However, as data accumulate for the
sensitivity of certain subtypes to particular chemotherapies, there is a need for a histology-driven
treatment approach. New therapies are also being
identified based on the unique molecular signatures of the various sarcomas (table I). Safer
ways to administer known active agents are also
being developed.
The purpose of this review is to summarize
current approaches to systemic therapy in metastatic STS as well as potential future therapeutic
directions. Data from clinical trials including abstracts were reviewed using the PubMed Database
as well as the American Society of Clinical Oncology Abstract Database and the Connective
Tissue of Oncology Society Database.

Table 1. Fusion transcripts in soft tissue sarcoma
Diagnosis

Chromosomal
abnormality

Genes InvolVed

Alveolar rhabdomyosarcoma

t(2;13)(q35;q14)
t(1;13)(p36;q14)

PAX3·FKHR
PAX7-FKHR

Alveolar soft part sarcoma

t(X; 17)(p11.2;q25)

TFE3-ASPL

Angiomatold fibrous histioCytoma

t(12;16)(q13;p11)

FUS-ATF1

Clear cell sarcoma

t(12;22)(q13;q12)
t(12;15)(D13:1125l

EWS-ATF1

Dermatofibrosarcoma protuberans

t(17;22)(q22;q13)

POFGB-COLtA 1

Desmoplastic small round cell tumour
Endometrial stromal sarcoma

1(11;22)(p13;q12)
t(7;17)(p15;q21)

EWS-WT1
JAZF1.JJAZ1

Ewing's sarcoma/peripheral primitive
neuroectodermal tumour

1(11 ;22)(q24;q12)
1(21 ;22)(q22;q12)
t(7;22)(p22;q12)
t(17;22)(q12;q12)
t(2;22)(q33;q12)
t(16;21)(p11;q22)

EWS-FL/1
EWs-ERG
EWS-ETV1
EWS.FEV
EW8-E1AF
FUS-ERG

Congenital fibrosarcoma/congenital
mnooiUIIC nepnroma

References

Sunitinib
Cediranib

3,4

Tlvantinib (ARQ197)

5

lmatlnib

6

YK-4-279

7

Crizotinib

8

t;T\/R-.Arri')K~

Low-grade librornyxold sarcoma

t(7;16)(q33;p11)

FUS-CREB312

Inflammatory myolibroblastic tumour

t(1 ;2)(Q22;p23)
t(2; 19)(p23;p13)
t(2;17)(p23;q23)

TPM3-ALK
TPM4-ALK
CLTC.ALK

Myxold liposarcoma

t(12;16)(q13;p11)
t(12;22)(q13;q12)

TLS-CHOP
EWS-CHOP

Myxoid chondrosarcoma

t(9;22)(q22;q12)
t(9;15)(q22;q21)
1(9;17)q22;q11)

EW8-CHN
TFC12-CHN
TAF2N.CHN

Synovial sarcoma

I(X;18)(p11 ;q11)

SSX1-8YT
SSX2-8YT
SSX4-SYT
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1. Standard Chemotherapy Drugs
1. 1 Doxorubicin and Combinations

The sensitivity of STS to doxorubicin was
first described in the 1970s.l9l Response rates
for single-agent doxorubicin range from 9% to
27%.fl 0 • 11 l There is a strong dose-response curve
for doxorubicin, with higher response rates in
patients who receive doses <:!:60mgtm2 P2 •13l A
minority of patients may develop cardiotoxicity
with anthracyclines.l 14l Infusional rather than
bolus administration or the use of dexrazoxane, a
chelating agent that interferes with iron-mediated
free radical generation, may decrease the risk of
cardiomyopathy,ll5l Pegylated liposomal doxorubicin is a formulation of doxorubicin in which
a polyethylene glycol layer surrounds doxorubicin containing Iiposomes. Pegylation protects
the Jiposomes from degradation by the reticuloendothelial system, thereby increasing the
area under the plasma concentration-time
curve and half-life of the drug. In contrast to
doxorubicin, the agent is less likely to cause
cardiac toxicity but does cause palmar plantar
erythrodysesthesia (hand-foot syndrome) and
significant infusion reactions. In a randomized trial
of doxorubicin 75 mg/m2 bolus every 3 weeks versus pegy)ated liposomaJ dO}[Orubi~;in 50 mgfm2
every 4 weeks, response rates to both agents by
WHO criteria were equivalentP 11In another study
by the Italian Sarcoma Group, 25 patients with
refractory or metastatic STS who had all previously
been treated with doxorubicin were given pegylated
Iiposomal doxorubicin at either 30 mg/m2 or
50 mg/m 2 every 3 weeksP 6l There were three partial
responses (PR), and treatment was well tolerated,
with no patient experiencing cardiac toxicity. Responses were only seen in the group receiving the
higher dose. Other phase II studies have also shown
similar response rates.£1 7·1 91
Historically, the addition of either ifosfamide,
dacarbazine or both to doxorubicin increased
the response rate, with no improvement in overall survival (OS).£ 13 .2°.2 11 Ifosfamide is an alkyIating agent with similar single-agent activity to
doxorubicin.£22•231 A dose-response curve also
exists for this agent as patients who progress on
C 201 I Adls Data Information BV. All rights reserved.

ifosfamide at doses SIO g/m2 show remiSSions
when exposed to high-dose ifosfamide (doses
> 10 gtm2).l24·251 Ifosfamide appears to be particularly active in synovial sarcoma, based on retrospective and small patient series data;f26.27J however, it has the potential to cause haemorrhagic
cystitis, neurotoxicity and renal tubular acidosis.l28l
Thus, most physicians are hesitant to use this drug
in elderly patients and in those with pre-existing
renal impairment. The single-agent activity of
dacarbazine has been demonstrated in clinical trials
and there appears to be enhanced sensitivity in
patients with leiomyosarcoma (LMS).£2 9-31 1 Results from the prospective randomized European
Organization for Research and Treatment of
Cancer (EORTC) 620I2l321 trial comparing singleagent doxorubicin with the combination of doxorubicin and ifosfamide may help determine the
appropriate first-line therapy in advanced STS.
1.2 Gemcltablne and Combinations

Gemcitabine is a nucleoside analogue with
activity in STS as documented in phase II studies.
Responses for single-agent gemcitabine, given
weekly over 30 minutes, have generally been <10%
in the first-line and refractory settingsJ3 3•341However, the activity of gemcitabine is dependent
on the formation of its metabolite gemcitabine
triphosphate. Data from the pancreatic cancer
setting have suggested that patients who receive
gemcitabine at a fixed dose rate of I 0 mg/m 2/min
have improved survival over those who receive gemcitabine as a standard 30-minute infusion.l35l In advanced STS, weekly gemcitabine at
1000 mg/m 2 for 7 of 8 weeks has been administered,l36J Patients who were responding to therapy were then given the same dose but for 3 of
4 weeks. Nine patients underwent cellular pharmacological studies of two different dose rates
(1 000 mg/m 2 over the standard 30-minute infusion on week I vs a pharmacologically based infusion of 150 minutes on week 2). There was a
1.4-fold increase in gemcitabine triphosphate
cellularly with the 150-minute infusion.
Activity of the combination of gemcitabine
and docetaxel was first reported in patients with
advanced LMSJ37J Docetaxel is a microtubule
Druga2011; 71 (16)
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inhibitor of the taxane family. The activity of
this drug in STS when administered as a single
agent is conflicting, with some studies showing no
responses.l38· 391 However, in patients with angiosarcoma or Kaposi sarcoma, another microtubule inhibitor, paclitaxel, has shown clinical
benefit.l40•41 1Preclinical data have established the
synergy of gemcitabine followed by docetaxel.1421
The combination of gemcitabine and docetaxel
was therefore tested in 34 patients with unresectable LMS after failure of 0-2 prior chemotherapy regimensP7l Gemcitabine was given at
900 mgtm 2 over 90 minutes on days 1 and 8 of a
21-day cycle. Docetaxel was given on day 8 only
at a dose of 100mglm2. Adjustments in dosing
were made for patients who had previously
received pelvic radiation. Remarkably, the objective response rate by the Response Evaluation
Criteria in Solid Tumors (RECIST) was 53%
with a progression-free survival (PFS) of
5.6 months. Although the majority of these
patients had a uterine sarcoma, there were five
patients with a non-uterine LMS, two of whom
had an objective response. In a follow-up study
by the Gynecology Oncology Group, the same
combination was tested in patients with advanced
uterine LMS in the first-line setting.1431 The objective response rate was 35.8% (RECIST),
with a PFS of 4.4 months ana OS of more than
16 months. These results were not confirmed in
the French Sarcoma Group phase II study of
gemcitabine alone (l000mglm2 on days I, 8 and
15 every 28 days) versus the combination of
gemcitabine and docetaxel (900 mg/m2 on days 1
and 8 and I 00 mg/m2 on day 8, respectively, every
21 days) as second-line therapy for metastatic
uterine and non-uterine LMS.1441
The high response rates for this combination
in uterine sarcoma led investigators to study it in
other STS. The Sarcoma Alliance for Research
through Collaboration (SARC) enrolled STS
patients in a phase II trial comparing fixed-dose
rate. gemcitabine and fixed-dose rate gemcitabine
in combination with docetaxeJ.I45l A total of
122 patients were assessable for outcomes in the
first- to fourth-line setting. Median PFS and OS
were 6.2 and 17.9 months for the gemcitabine and
docetaxel group and 3 and 11.5 months for the
c 2011 Adls Data Information BV. All rights reserved.
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gemcitabine alone group, respectively, thus supporting the concept of synergy between these two
drugs. Additional responses were seen in highgrade undifferentiated pleomorphic sarcomas,
pleomorphic liposarcoma and rhabdomyosarcoma.
In other retrospective data, additional responses
were also seen in angiosarcomas, osteosarcomas,
malignant peripheral nerve sheath tumours and
Ewing's sarcoma.l421
Vinorelbine, a vinca alkaloid, was combined
with fixed-dose gemcitabine in a phase II study of
advanced STS.I461 Patients were eligible if they
had received S:l prior chemotherapy regimen. A
total of 40 patients were given gemcitabine at
800 mg/m 2 over 90 minutes on days 1 and 8 after
administration of vinorelbine 25 mg/m2 • The
clinical benefit rate, defined as complete response
(CR), PR or stable disease (SD) was 25%. There
was one CR and four PRs by RECIST. Fifty
percent of patients experienced grade 3 or 4
haematological toxicity, most commonly grade
3 neutropenia. Twenty-three percent had grade
3-4 nonhaematological toxicities, mostly of a
gastrointestinal nature. It is unclear from this
study if vinorelbine had any significant impact,
but this combination offers an approach
for patients who would not otherwise tolerate
docetaxel, such as those who have pre-existing
neuropathy.
1.3 Angiosarcoma and Paclitaxel

Angiosarcomas are rare vascular malignancies
that represent 2% of all STS. They are extremely
aggressive, with a 5-year OS of about 30% independent ofstage.14 7J Based on sarcoma cell-line
data, single-agent paclitaxel has been studied in
the advanced STS ·population. Unfortunately,
the overall response rate was poor; however, one
patient with a metastatic cutaneous angiosarcoma did have a CR of his scalp lesions and an
improvement in the metastatic disease. In addition, two scalp angiosarcoma patients were treated off study and were described as having a dramatic response.1481 In vitro studies have shown
that proangiogenic factors and receptors such as
vascular endothelial growth factor (VEGF)-A,
VEGF-C, VEGF receptor (VEGFR)-1, VEGFR-3,
Druga 2011; 71 (16)
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vascular permeability factor (VPF), Flt-A, kinase
insert domain receptor (K.DR [FLK-1]) and Ets-1
are overexpressed in angiosarcoma.£491 Expression profiling has also shown distinct upregulation of vascular-specific receptor tyrosine
kinases, including TIEl, KDR, SNRK, TEK and
FLTJ in angiosarcoma patient samples.£501Paclitaxel has been shown to have potent antiangiogenic effects, thus providing an explanation
for the activity seen in this sarcoma subtype.£51 •521.
A subsequent phase II study of scalp- or faceonly angiosarcoma utilized various dosing schedules of paclitaxel (250 mg/m 2 administered as a
continuous infusion over 24 hours every 3 weeks,
175 mg/m2 every 3 weeks administered as a
3-hour infusion, and 90 mg/m2 administered
weekly as a 1-hour infusion).£531 Eight of nine
patients had either a PR or CR and results were
seen in all treatment schedules used. Subsequent
retrospective data by the EORTC showed activity of paclitaxel in soft-tissue angiosarcoma as
weli.£541 More recently, a prospective phase II
study by the French Sarcoma Group investigated
the use of paclitaxel on a weekly basis in patients
with metastatic or advanced angiosarcoma (the
ANGIOTAX study). The distribution of site was
as follows: ten breast, six skin and scalp, six soft
tissue and eight visceral. Patients were given
paclitaxel 80 mg/m2 weekly for 3 of 4 weeks with

an objective response rate of 19% by RECIST
after six cycles.£401 Median time to progression
was 4 months with OS 8 months. The drug
was well tolerated, with grade 3 and 4 toxicities
related to cytopenias, nausea and vomiting,
fatigue, CNS toxicity and mucositis. There was
one death due to thrombocytopenia. The authors
concluded that weekly paclitaxel was well tolerated and showed clinical benefit in patients with
angiosarcoma.

2. New Chemotherapy Regimens
2. 1 Pallfosfamide

Recently, palifosfamide was developed. Palifosfamide-tris (ZI0-201; Ziopharm Inc.) is a
stabilized active metabolite of ifosfamide. It has
broad activity against sarcoma cell lines, includ0 201 1 Adls Data Information BV. AD rights rE1181Ved.
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ing those resistant to ifosfamide and cyclophosphamide therapy.f 55l As an active metabolite, it
does not degrade into acrolein (responsible for
the bladder toxicity) or chloroacetaldehyde
(responsible for the neurotoxicity), the toxic
metabolites of ifosfamide. Animal models have
shown synergy between doxorubicin and palifosfamide.£561 In a phase I study of the combination of palifosfamide and doxorubicin, the mean
tolerated doses were 150 mg/m2 for 3 consecutive
days and 75mglm2 administered on day I, respectively. In that study, two of the eight sarcoma
patients had aPR by RECIST.£571 This led to the
randomized phase II trial of the combination of
palifosfamide 150 mg/m2 for 3 days and doxorubicin 75 mg/m2 versus single-agent doxorubicin
at the same dose.£581 Cycles were given every
3 weeks with response evaluation every 6 weeks.
Patients were allowed to participate if they had a
metastatic STS excluding alveolar soft part, gastrointestinal stromal tumour, Kaposi sarcoma,
low-grade tumour, radiation-induced tumour or
dermatofibrosarcoma protuberans. Patients had
to be doxorubicin naive, but could have been
previously treated with ifosfamide. A total of
67 patients were enrolled, 66 patients were treated
and 62 patients were eligible for primary endpoint analysis. Patients were allowed to continue
with :single-agent palifosfamide after the completion of six cycles of chemotherapy in either
arm. Of note, one-third of the patients were over
the age of 65 years. There was a response rate of
23% in the combination arm and 9% in the singleagent doxorubicin arm (RECIST). The hazard
ratio for PFS was 0.427, favouring the combination arm (p=O.Ol9). Median PFS was4.4 months
for the doxorubicin arm and 7.8 months for the
combination. This was also statistically significant. Haematological toxicity was slightly worse
in the combination arm, but episodes of febrile
neutropenia were similar. In addition, in the
palifosfamide arm, there were no episodes of
encephalopathy or haemorrhagic cystitis. The
addition of mesna (an agent designed to reduce
the incidence of haemorrhagic cystitis) was not
necessary and the combination was given safely
on an outpatient basis. To confirm these preliminary results, a randomized phase III trial with a
Drugs 2011; 71 (16)
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similar study design is currently recruiting
patients worldwideJS9l
These data are important for many reasons.
The combination of doxorubicin and palifosfamide was safely given on an outpatient basis
and administered to 23 patients over the age of
65 years. Many sarcoma centres still require
hospitalization of patients receiving doxorubicin
and ifosfamide for hydration and close toxicity
monitoring. Therefore, this new ifosfamide derivative may offer improved QOL outcomes. As
such, the current phase III study also includes a
QOL assessment. In addition, given the lack of
significant renal toxicity, the combination of
doxorubicin and palifosfamide may also be
considered in elderly patients and those patients
with retroperitoneal tumours in the future.
However, further data from large randomized
controlled studies need to be generated before
such conclusions can be made. An interesting
observation is that patients who had failed ifosfamide previously still responded to palifosfamide therapy. Although the explanation for
this is not entirely clear, it may be related to the
dosing of palifosfamide.
2.2 Trabectectin
Trabectc:din (.ET-743; Johnson and Johnson)
is a marine-derived alkaloid that binds DNA
through the minor groove. It is approved in
Europe for patients for whom prior anthracycline
therapy has failed. The response to single-agent
therapy in the first-line setting parallels that of
the combination of doxorubicin and ifosfamide.l601 In 36 patients with metastatic STS,
trabectedin was given at a dose of 1.5 mg/m 2 as a
24-hour continuous infusion. The majority of
these patients had never received chemotherapy
before, and the predominant histologies were
LMS and liposarcoma. Objective response rate
was 17 .I% by WHO criteria. Data from phase II
and compassionate use trials show trabectedin to
have a response rate of 4-8%, with a clinical benefit
rate of 14-41% in pretreated patients.[60-6JJ Grade 3
and 4 toxicities were most commonly haematological or due to reversible elevated transaminase
levels that usually occurred 3-4 days after drug

C 2011 Adls Data Information BV. All rights resented.
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administration. The elevated transaminases levels
can be attenuated with the use of prophylactic
dexamethasone.£641 Trabectedin is also a vesicant
that can cause extravasation reactions and is best
administered through a central catheter.
There is particular interest in this compound
for use in patients with myxoid liposarcoma,
LMS and other translocation-related sarcomas.[65·66J In 51 patients with myxoid liposarcoma
treated with trabectedin on a compassionate use
protocol there was a high response rate of 51% by
RECIST with a PFS of 14 months.[671In long-term
follow-up of 32 of these patients treated since
2002, the overall response rate was 50%, with a
PFS of 17 months and OS that has not been
reached.l681One proposed mechanism of action is
to overcome the block in differentiation caused by
the FUS-CHOP fusion protein that is found in
myxoid liposarcomaJ691 Previous in vitro studies
have also demonstrated that trabectedin sensitivity may depend on the status of the nucleotide
excision repair (NER) DNA repair pathway and
the homologous recombination repair (HRR)
DNA repair pathway. For that reason, specific
single nucleotide polymorphisms (SNPs) from
NER and HRR DNA repair pathways were studied in 113 patients with advanced sarcomas who
were enrolled in trabectedin studies. On univariate
analysis, tumour histology, favourable NER status (high expression of common allele aspartic
acid at codon II 04 of ERCC5 and/or high ERCC I
expression status), and favourable BRCAJ haplotype (at least one triple-adenine plus guanine
[AAAG] allele) were the sole variables significantly associated with PFS and OS. In addition,
the proportion of translocation-related sarcoma
subtypes (myxoid/round cell liposarcoma, synovial sarcoma, alveolar soft part sarcoma) was significantly higher in the 'favourable NER status'
group (p= 0.000l)P01Schoffski et aJ.[ 71 1found that
32% of 245 retrospectively collected tumour samples of patients with advanced sarcomas treated
with trabectedin had a molecular profile of low
BRCA, high ERCCJ or XPG (xeroderma pigmentosum group G gene) messenger RNA expression. This profile characterized by intact NER
and deficient HRR identified a subgroup highly
sensitive to trabectedin treatment. Therefore,
Drugs 2011; 7·1 (16)
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these signatures may represent a biomarker of
trabectedin response independent of histology.
A randomized phase II study of two different
schedules of trabectedin (1.5 mg/m 2 continuous
infusion every 3 weeks vs 0.58 mg/m 2 over 3 hours
weekly for 3 of 4 weeks) was carried out in
patients with advanced LMS and liposarcoma.
Time to tumour progression was 3. 7 versus
2.3 months, favouring the every 24-hour arm
every 3 weeks.l721 Phase I studies of the combination of trabectedin with agents such as doxorubicin, paclitaxel and platinum compounds
have been conducted and show tolerability and
potential activity in STS.£73"751
2.3 Eribulin

Eribulin mesylate is a non-taxane inhibitor of
microtubule growth. It is a synthetic analogue of
halichondrin B, a marine sponge product, and is
currently US FDA approved for refractory metastatic breast cancer.l761 In vivo cancer activity
has been seen in sarcoma. Dose-limiting toxicities
included neutropenia and fatigue in phase I
studies.l77•781 EORTC 62052 investigated the
use of eribulin 1.4 mg/m2 on days I and 15 every
3 weeks in patients with LMS, adipocytic, synovial or other sarcomasP91 Patients could have
received up to two previous lines of therapy.
Primary endpoint was PFR at 12 weeks according to RECIST. The PFR at 12 weeks was 32%,
45%, 21% and 19% in the LMS, adipocytic,
synovial and other cohorts, respectively. The
mean PFS and OS was 3 and 20 months in LMS
and 3 and I 0 months in adipocytic sarcoma,
respectively. Grade 3 and 4 toxicities were mostly
haematological.

3. Targeted Therapies
3.1 Mammalian Target of Rapamycln
Inhibitors

Activating mutations in growth factor receptors lead to activation of the phospatidylinositol
3-kinase (PI3k)/AKT/mammalian target ofrapamycin (mTOR) pathway.£801 This pathway is involved in cell cycle progression, proliferation and
angiogenesis.£81 1 The tuberous sclerosis complex
~

2011 Adls Data Information BV. AI rlgh1s r~.
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(TSC) is a tumour suppressor gene. Cytoplasmic
TSCI and TSC2 proteins normally interact and
inhibit mTOR activity. If these regulators are
absent or abnormal, mTOR activity increases,
leading to the development of various tumours,
including perivascular epitheliod cell tumours
(PEComas).£821PTEN, which regulates PI3K activation, is the most frequently deleted tumour
suppressor gene in various cancers. PI3K in turn
activates AKT, which activates mTOR, leading
to increased cell proliferation and reduction of
apoptotic mechanisms.l831 PTEN can also be
absent in STS. STS (160 LMS and various pleomorphic undifferentiated tumours) with complex
genomics were studied by array comparative
genomic hybridization and transcriptome analysis. Five groups were identified, corresponding
to well differentiated LMS (group A) or to poorly
differentiated LMS or undifferentiated pleomorphic sarcomas, groups (B-E). Genes of
interest included loss of PTEN, especially in
groups A, C and D.£841 However, PTEN expression by immunohistochemistry (IHC) in LMS
has not been linked to outcome of treatment with
mTOR inhibitors.l851
Several mTOR inhibitors have been studied in
the setting of advanced sarcoma. In a phase II
study of ridaforolimus (AP23573; Ariad Pharma=utical:s and Merck & Company) in advanced
refractory bone sarcoma and STS, 193 patients
were evaluable.l861 The study drug was given
at 12.5 mg/day intravenously for 5 days every
2 weeks. The most significant adverse effects
were mucositis, rash, hyperlipidaemia, fatigue
and thrombocytopenia. There were five PRs by
RECIST with a clinical benefit rate (CR, PR or
SO at 16 weeks) of 28%. Data from the SUCCEED (Sarcoma mUlti-Center Clinical Evaluation of the Efficacy of riDaforolimus) study, in
which 711 patients were randomized to either
maintenance oral ridaforlimus or placebo were
recently reported. In order to participate, patients
required SO or better on prior imaging, after
completing at least first-line chemotherapy.
There was a statistically significant improvement
in PFS of3.1 weeks (17. 7 vs 14.6 weeks, favouring
ridaforolimus) by central review. There was no
significant improvement in OS for ridaforolimus,
Oll.lgs:i!Oll; 71 (16)
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and the adverse effect profile was similar to previous data.l871 Another mTOR inhibitor that
has been studied, temsirolimus, was given at
25 mg/week for 3 of 4 weeks in advanced STS.
Forty-one patients were evaluable, with one
PR in a patient with fibrosarcoma that lasted
36 weeks.l881 The lack of significant objective responses seen in these studies may reflect two
specific concepts: (i) RECIST criteria may not be
an adequate tool for response evaluation when
using targeted agents; and (ii) SD can be a valid
endpoint in the management of metastatic sarcoma. On the other hand, identifying resistance
mechanisms to mTOR inhibition may help improve therapeutic responses, as mTOR acts as an
axis for sarcoma cell growth.
3.2 lnsulin-Uke Growth Factor
Receptor Inhibitors

The insulin-like growth factor-! receptor
(IGFIR) pathway is a commonly activated pathway in many sarcomas. Insulin growth factor
(IGF)-1 and IGF2 bind to IGFIR, activating the
receptor, and stimulate intracellular signalling
primarily through the Ras/Raf/mitogen-actived
protein kinase (MAPK) and the PI3-K/ATK/
mTOR pathways.l891 Overexpression of IGF2 by
IHC has been seen in patients with solitary fibrous tumours, chondrosarcomas, undifferentiated
pleomorphic sarcomas, Ewing's sarcomas, tenosynovial giant cell tumours, gastrointestinal stromal tumours, malignant peripheral nerve sheath
tumours, myxoid liposarcomas and synovial
sarcomas.l901
Phase I studies of IGFIR monoclonal antibodies have shown these drugs to be well tolerated and to have anti-sarcoma activity. Objective
responses were noted in Ewing's sarcoma
patients and SD has been seen in patients with
fibrosarcoma and synovial sarcoma.l91 -931 Cixutumumab (IMC-AI2} is a fully human lgGI
monoclonal antibody that selectively targets
IGF-IR and therefore does not bind to the insulin
receptor. A phase II study of cixutumumab in
previously treated advanced STS and Ewing's
sarcoma enrolled 113 patients. The Ewing family
of tumours, rhabdomyosarcoma, leiomyosarcoo 2011 Adls Data lntormottan BV. All rights~.
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rna and synovial sarcoma cohorts were closed
after the first stage due to inactivity. so· as best
response was seen in 57% of adipocytic sarcoma
patients with one PR. Another PR was also seen
in the Ewing family of tumours cohort. The most
common adverse events were nausea, diarrhoea,
fatigue and hyperglycaemia.l941
There is upregulation of the mTOR pathway
when the IGFIR pathway is inhibited through
feedback loops.l801 The combination of mTOR
and IGFlR blockade may overcome this mechanism of resistance. Preclinical data support the
combination of these drugs.£9 S-97J A phase I trial
of the combination of everolimus, an mTOR inhibitor, and figitumumab (CP-751,871; Pfizer
Inc.) was recently reported.l981The study used the
optimal phase I dose of each drug alone. Six
patients were enrolled in the first cohort without
any dose-limiting toxicities, thus this was determined to be the appropriate phase II dose. An
additional 15 patients were treated at this dose
level. Toxicities were mostly grade 1 or grade 2.
The most common toxicity was mucositis. The
majority of patients had SO for at least four cycles. One patient with malignant solitary fibrous
tumour did have aPR by RECIST. There are
other ongoing studies of IGF 1R inhibition alone
or in combination with other agents (table II).
3.3 Tyrosine Kinase Inhibitors and
Antiangiogenic Agents

Clinical data have accumulated for the use of
several tyrosine kinase inhibitors in the management of STS. Sorafenib, sunitinib, imatinib and
pazopanib have all demonstrated activity in. the
phase II setting of advanced metastatic or recurrent STS (table III).I99- 1021 Although clinical
responses were seen, most commonly in patients
with LMS and angiosarcoma, the usual best
clinical response was SD. In addition, data from
these four phase II studies show these oral agents
to be generally well tolerated. A double-blind,
phase III trial of pazopanib 800 mg daily versus
placebo in patients for whom at least one anthracycline-based regimen has failed was recently
reported. Pazopanib is a multikinase angiogenesis inhibitor targeting VEGFR, PDGFR and
Dlugs 2011; 71 (16)
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Table 11. Tyrosine kinase therapy in soft tissue sarcoma
Study (year)

Agent

n

PFS rate at 3 mo ('Ai)

Best response• (n)

PFS(mo)

OS (rno)

Maki et al.l88l
(2009)

Sorafenib
400mg bid

147

53 (entire population)

Angiosarcoma (5)
LMS(1)

3.2

14.3

Sleijfer et al.l100l
(2009)

Pazopanlb
800mgtday

142

26 (adipocytic)

LMS(1)

2.6 (adlpocytic)

6.6 (adlpocytic)

44(LMS)

Synovial (5)
Other (3)

3.0(LMS)

11.B(LMS)

5.4 (synovial)

10.3 (synovial)

49 (synovial)
39 (other)

3 (other)

10.0 (other)

George et ai.I1011
(2009)

Sunitinlb
37.5mgtday

53

NA

OSRCT (1)

1.8

NA

Chugh et al.l102l
(2009)

lmentinib
300mgbid

190

NA

Angiosarcoma

2.8 (angiosarcoma)

NA

Fibrosarcoma

1.9 (fibrosarcoma)

LMS

2.8(LMS)

Uposarcoma

3. 7 (liposarcoma)

MFH

1.9(MFH)

Osteosarcoma
MPNST
Synovial

1.9(MPNSn
1.9 (synovial)
2.5 (rhabdomyosarcoma)

a Tumour response measured by RESIST 1.0.
bkJ,.twlce daily; DSRCT,.desmoplastic round cell tumour; LMS=Ieiomyosan:oma; MFH=maf~gnant fibrous hlstioc:yloma; MPNST=
malignant peripheral nerve sheath tumour; NA"' data not available; OS= overall survival; PFS =progression-free survival.

c-kit. Patients with adipocytic STS were excluded
due to inactivity in the previous phase II trial. A
total of 369 patients were randomized and the
primary endpoint of PFS per independent review
was significantly prolonged with pazopanib (4.6
vs 1.5 months). The interim analysis for OS did

not show a statistically significant improvement
of pazopanib versus placebo. Thromboembolic
events, cardiotoxicity and pneumothorax 2: grade
3 occurred at a frequency of <5%. Liver enzyme
elevation was observed but was reversible in all
cases.U 03l Dasatinib is an orally administered
kinase inhibitor of the Src family of kinases that
shows preclinical anti-sarcoma activity.£ 1041 The
Sarcoma Alliance for Research through Collaboration (SARC) undertook a phase II study of
dasatinib in advanced sarcoma. Dasatinib
I00 mg twice daily was initially administered but
was reduced to a starting dose of 70 mg twice
daily because of toxicity. 114 patients with STS
were evaluable, including patients with LMS,
liposarcoma, undifferentiated pleomorphic sarcoma and malignant peripheral nerve sheath tumours. The primary endpoint was clinical benefit
rate, defined as the objective response or SO at
c 2011 Aclls Data Information BV. AD rights r8$81V8d.

6 months by Choi criteria. Unfortunately, only
the population of undifferentiated pleomorphic
sarcoma met the primary endpoint of2: I% chance
that the clinical benefit rate was >25%. Current
studies are investigating the combination of tyrosine kinase inhibition with chemotherapy.
Previous studies have shown a correlation between expression of tumour VEGF and grade,
stage, disease-free survival and OS in STS.I 10S·I07J
Other mediators of angiogenesis have also been
studied. STS have been shown to have higher
levels of circulating angiopoietin 2 (Ang2) and
basic fibroblastic growth factor when compared
with healthy controls.£1 081 In addition, Ang2 is
most elevated in patients with larger tumours and
in those with tumours of the trunk. Microarray
data have shown that STS have altered gene expression, with upregulation of platelet-derived
growth factor receptor (PDGFR)cx.
Bevacizumab, a monoclonal antibody to circulating VEGF, has been combined with various
chemotherapy agents in the management of
metastatic STS. However, when combined with
doxorubicin, the response rate was lower than
that of the historical response rate to single-agent
Otugs 2011; 71 (16)

2124

MUVVIl & Verschraegen

Table Ill. Active and pending studies of insulin-like growth factor-1 receptor (IGF1 R) inhibition in son tiSsue sarcoma (STS)

Sponsor

Agents

Study population

Clinicallrials.gov
identifier

Status

Clxutumumab (IMCA12)
COG

Cixutumumab, temsirolimus
(mTOR inhibitor)

Phase I, advanced solid tumours, S21 y

NCT00880282

Recruiting

COG

Cixutumumab, temozolomide,
chemotherapy

Phase I, rhabdomyosarcoma, <49y

NCT01055314

Recruiting

lmCioneLLC

Cixutumumab

Phase I, solid tumours, 0!:.20 y

NCT01007032

Active but
not recruiting

MDACC

Clxutumumab, temsirollmus
(mTOR Inhibitor)

University of Chicago

Cixutumumab, doxorubicin

Phase I, advanced cancer,

~16y

Phase VII, unresectable or metastatic

NCT00678769

Recruiting

NCT00720174

Recruiting

NCT00831844

Recruiting

STS.~16y

COG

Cixutumumab

Phase II, refractory solid tumours, <30 y

MSKCC

Cixutumumab, temsirolimus

Phase II, STS, bone sarcoma,

lmCioneLLC

Cixutumumab

~18y

NCT01016015

Recruiting

Phase II, advanced sarcoma (Ewing's,
rhabdo, LMS, adij:locytic, synovial), ~12 y

NCT00668148

Active but
not recruiting

NCT00728390

Active but
not recruiting

NCT00474760

Active but
not recruiting

Flgltumumab (CP-751,871)
Pfizer

Figitumumab, dacomitinlb (PF00299804; pan ERBB inhibitor)

Phase I, advanced solid tumours, ~18 y

Pfizer

Figitumumab

Phase I, sarcoma, Ewing's,

Pfizer

Figltumurnab, sunitlnib

Phase I, advanced solid tumours, ~18y

NCT00729833

Active but
not recruiting

Pfizer

Figitumumab

Phasa I, advanced sarcomas and other

NCT00927966

Active but
not recruiting

NCT00560235

Active but
not recruiting

~Y

nudignantn~ms.~18y

PfiZer

Flgitumumab

Phase VII, Ewing's,

Figitumumab

Phase I, advanced solid tumours, :?!18y

~10y

R1507

Hottman-La Roche

NCT00400361

Active but
not recruiting

Hottman-La Roche

Flgltumumab, everolimus (mTOR
Inhibitor)

Phase I, advanced solid tumours, :?!18y

NCT00985374

Active but
not recruiting

Hottman-La Roche

F~gitumumab and standard
chemotherapy

Phase I, advanced solid tumours,

~18y

NCT00811993

Active but
not recruiting

Hottman-La Roche

F~gitumumab

Phase II, recurrent or refractory
sarcoma, l!2 y

NCT00642941

Active but
not recruiting.

Duke University

Ganltumab, everolimus,
panitumumab (EGFR antibody)

Phase I, advanced cancer,

NCT01081788

Recruiting

Indiana University

Ganitumab, everolimus

Phase I, advanced solid tumours, ~18y

NCT01122199

Recruiting

Ganitumab, conatumumab
(AMG655; TRAIL
receptor 2 agonist)

Phase 1111, advanced solid tumours, :?!16y

NCT00819169

Ganitumab

Phase II, Ewing's family, ~16y

Ganltumab (AMG479)
~18y

School of Medicine
Amgen

Amgen

Active but
not recruiting

Active but
not recruiting
COG=Children's Oncology Group; EGFR=epiderrnal growth factor receptor; LMS=Ielornyosarcoma; MSKCC=Memorial Sloan-Kettering
Cancer Center; mTOR =mammalian target of rapamycin; TRAIL= tumour-necrosis factor-related apoptosis-inducing ligand.

0 2011 Adls Data Information BV. AI rtghls reserved.
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doxorubicin.£ 1091Sixty-five percent of patients did
have SD. Of concern is that 35% of patients had a
grade 2 or worse decline in left ventricular ejection fraction, despite receiving dexrazoxane once
doxorubicin doses exceeded 300 mg/m2 . A phase
1111 study of the combination of docetaxel, gemcitabine and bevacizumab in 35 assessable
patients with chemotherapy-naive STS was also
recently reported.£ 1101 Gemcitabine was given at
three dose levels (1000, 1250 and 1500mglm2)
every 2 weeks. Docetaxel was given at 50 mg/m 2
and bevacizumab at 5 mg/kg also every 2 weeks.
The overall response rate was 30.1% (RECIST),
with an additional 47% achieving SD for a median of 6 months. Best responses were observed in
patients with angiosarcoma with two confirmed
complete pathological responses. Grade 3 and 4
adverse events were all attributed to bevacizumab, which was concerning, as the benefit
of bevacizumab in this study is unclear. Bevacizumab and other antiangiogenic agents are
currently being investigated in STS and more
specifically in angiosarcoma.

4. Conclusion
STS comprises a heterogeneous group of
diseases with unique molecular and clinical profiles,
and therefore varying responses to treatments.

Traditionally, doxorubicin-based regimens have
been the standard of care. The identification of
histological subtypes that may have heightened
sensitivity to certain agents will likely cause a
paradigm shift in the future. Angiosarcomas have
marked sensitivity to paclitaxel and perhaps antiangiogenic agents. The combination of gemcitabine
and docetaxel has significant activity in LMS. The
role of trabectedin in the management of patients
with metastatic myxoid liposarcoma and LMS is
also continuing to evolve. In addition, potentially
safer approaches to chemotherapy, such as palifosfamide, are being investigated. The OS of
patients with advanced sarcomas has improved in
the last 20 years,£ 1111 partly due to identification of
molecular signatures and targeting of signalling
pathways. Collaborative studies of new agents will
hopefully lead to more rapid determination of their
efficacy.
c 2011 Adls Data Information BV. All rights reserved.
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