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Introduction

Soft-tissue sarcomas (STS) are rare malignant neoplasms of 
mesenchymal origin. In Australia, there are about 800 new 
STS cases reported each year, which is a 40% increase over 
the past 10 years from 1998 to 2008. This represents about 
1% of all neoplasm cases annually and is close to occurrence 
rates worldwide (1). There are more than 50 different 
histological subtypes with varying clinical presentations, 
disease progressions and responses to treatment. Current 
treatment modalities are limited. Surgery gives the best 
chance of cure for localized disease. Radiotherapy is often 
offered adjuvantly to reduce the risk of local recurrence. 
The response to chemotherapy in many STS is variable, 
with some subtypes being resistant and others having 
responses of limited duration (2). Nevertheless it is still 
indicated in adjuvant protocols (3) as well as in the palliative 
setting (4). It has been reported that the median overall 
survival period upon commencing palliative first- and 
second-line chemotherapy treatment are 12 and 8 months 
respectively (5).

In this review we have chosen to focus upon the emerging 

field of highly specific targeted therapy. Definitions of 
targeted therapy vary, but there is general consensus that 
it is a form of drug therapy that inhibits a ‘target’ within 
one of the cellular signaling pathways which must be 
measurable and involved in tumourigenesis, angiogenesis, 
progression and metastasis in cancer cells. Targeted therapy 
has potential as a novel treatment modality against STS but 
the exact mechanisms of the drugs and the ‘cancer profiles’ 
of the different histological STS must be well understood in 
order to achieve maximum therapeutic effect (6).

Tyrosine kinase (TK) receptors and their 
downstream signaling cascades

The biochemistry of TK receptors and their downstream 
cascades are well-documented. A TK receptor can be 
activated by a number of ligands, including epidermal 
growth factor (EGF), vascular endothelial growth factor 
(VEGF), platelet-derived growth factor (PDGF) (7), 
insulin-like growth factor (IGF) (8). Attachment of one 
such ligand to the respective receptor activates its TK 
domains which then in turn activate a group of complex 
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signaling cascades, including the RAS/RAF/MEK/ERK, 
PI3K/AKT and JAK/STAT pathways. In normal cells, 
these pathways are tightly regulated and are important 
in cell survival. However, in cancer cells, there is 
constitutive activation of the pathways and this leads to cell 
proliferation, tumourigenesis and metastasis (7). In the past 
decade, crosstalk between these pathways has been found 
to cause resistance to the primary targeted therapy drug. 
For example, aberrant RAS activation is known to activate 
the PI3K/AKT/mTOR pathway which could serve as an 
alternative route even though the RAS/RAF/MEK/ERK 
pathway has been blocked. Figure 1 provides a simplified 
representation of the downstream cascades and the crosstalk 
among them (9-13).

Targeted therapies for STS

Targeted therapy has now been shown to have a significant 
impact on the natural history of some cancers. Herceptin 
interferes with HER 2 signaling by targeting the HER 2 
receptor in breast cancer and when used both alone and 

with chemotherapy leads to improved survival (14,15). 
Similarly the use of EGFR inhibitors in lung cancer and 
colon cancer has altered outcomes (16,17).This section will 
discuss some of the recent pre-clinical and clinical data of 
targeted therapy used in STS.

Tyrosine kinase Inhibitor (TKI)

TKI imatinib has great historical significance as it is 
the first targeted therapy against STS gastrointestinal 
stromal tumor (18) with significant survival benefit. In 
the 1980s, GIST was recognized as a separate tumor 
entity as scientists began to realize that it has clinical, 
histopathological and molecular biological features 
that are different from the other STS. Initially surgery 
was the only curable treatment option. Even then, only 
50% of GIST patients without metastasis would be 
cured and the outlook for patient with metastasized 
GIST was much worse. Radiotherapy and conventional 
chemotherapy had no role to play in treatment at 
all  (19).  However in 1998, Hirota and colleagues 

Figure 1 The 3 downstream cascades of tyrosine kinase receptor. Attachment of a ligand to the extracellular domain activates the 
intracellular kinase domain which then activates the 3 signalling pathways. The 3 signalling pathways are intertwined and there are several 
cross-talk mechanisms (9-11). Of significance is the activation of PI3K by RAS, which provide an escape route for resistance in some cancers 
(12,13).
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discovered that the KIT oncogene, which codes for 
KIT receptor TK, was mutated in the majority of these  
patients (20). It took only another two years to produce 
imatinib, a small molecule oral inhibitor of KIT (19).

Imatinib is sometimes called the ‘wonder drug’ for this 
chemotherapy-resistant disease. Large phase II and III trials 
have reported 65% to 70% of GIST patients respond to 
imatinib, and an additional 15% to 20% achieve disease 
stabilization (21,22). For patients who are responsive to 
imatinib, the median times of progression and survival have 
been extended to two and five years respectively (19). Its 
role in a neoadjuvant setting has not yet been definitively 
explored, but is of interest. However, about 15% of GIST 
patients are resistant to imatinib (19). Many of those who 
responded to imatinib will have disease progression within 
2 years due to acquired resistance because of a second 
mutation. It is unclear with current molecular studies 
whether this second mutation has been already present 
where imatinib is a selection pressure, or if it has been 
acquired during treatment. What is known is that this 
second mutation commonly occurs in KIT exon 13 or 
17 (23). A number of strategies have been developed to 
overcome this resistance (19).

The first strategy is to lengthen the duration of imatinib 
treatment. In one recent adjuvant study, 400 patients who 
were randomized equally between one and three years 
of adjuvant imatinib treatment for operable GIST were 
compared. It was found that patients in the experimental 
group had longer recurrence-free survival (RFS) (5-year 
RFS, 65.6% vs. 47.9%, respectively) and longer overall 
survival (5-year survival, 92.0% vs. 81.7%) than the one year  
group. Imatinib was well-tolerated in both groups (24). 
Another strategy is to develop drugs with additional 
mechanisms of action to overcome resistance. For example, 
in a study involving 312 patients with unresectable 
imatinib-resistant GIST, median time to tumor progression 
was 27.3 weeks for those on sunitinib (which also targets 
PDGF and VEGF) and 6.4 weeks for those in the placebo 
group who had the best supportive care (25). Subsequently 
in an international study of another multargeted TKI, 
regorafenib, as third line therapy for GIST after failure of 
imatinib and suntinib, 199 patients were randomized. 133 
receive regorafenib while 66 were in the placebo group. 
Median progression-free survival (PFS) for the experimental 
group was statistically significantly longer: 4.8 months 
compared to the placebo’s 0.9 months. Adverse events 
were mild and manageable (26). In another study of 124 
patients, the efficacy of 400 mg twice daily sorafenib was 

investigated. 12 (10%) responded to sorafenib and 70 (57%) 
had disease stabilization. Like the regorafenib trial, adverse 
events were mild and manageable (27). The success story of 
imatinib in GIST serves as a good learning model for the 
use of targeted therapy in STS and strategies in overcoming 
resistance.

Another sarcoma in which imatinib has been approved 
for use is dermatofibrosarcoma protuberans (DFSP). 
DFSP is a rare dermal STS which typically carries a 
translocation between chromosomes 17 and 22 which 
produces functional PDGF B. Hence, it is only logical that 
imatinib, which can inhibit PDGFR, be used against DFSP. 
In a dual phase II study, 46% of the 24 patients evaluated 
had partial responses. Median time to progression was  
1.7 years. Median OS time was not achieved by any patients. 
It concluded that imatinib is active against DFSP, although 
there was no statistical difference between the low dose  
(400 mg daily) and high dose (400 mg twice daily) (28). 
Another similar study in 275 patients, it also found that 
imatinib is active in DFSP. Secondary resistance in DFSP is 
unclear but is not related to PDGF B (29).

Apart from imatinib, other TKIs have also been used in 
other sarcoma histological subtypes. Pazopanib is a multi-
targeted inhibitor of TK approved for use in renal cell 
carcinoma, ovarian cancer and, more recently, STS (30). In 
the treatment of STS, It was initially shown to have significant 
responses in the phase II setting in leiomyosarcoma, synovial 
sarcoma and other STS. Its activity in liposarcoma is less  
clear (31). Subsequently in a recently concluded phase 
III study of those responding subtypes, 369 angiogenesis 
inhibitor-naïve patients with metastatic STS who had 
failed first line chemotherapy were recruited. Patients were 
assigned randomly in the ratio of 2:1 (experiment:placebo). 
Patients in the experimental group were given pazopanib 
800 mg daily. Median PFS were 4.6 months [95% 
confidence interval (CI): 3.7-4.8 months] and 1.6 months 
(0.9-1.8 months) for pazopanib and placebo respectively. 
OS were 12.5 and 10.7 months with pazopanib and placebo 
respectively. Although grade 3-4 toxicities were more 
common in the experimental group, they were generally 
well-tolerated (32). As a result of this study, STS is now also 
an approved indication. More importantly, pazopanib is the 
first new drug approved for treatment of non-GIST STS 
in many years. Its indication for leiomyosarcoma, synovial 
sarcoma and other non-GIST sarcoma has provided 
a new treatment option for this group of rare tumors. 
Further exploration of the less sensitive subtypes, such as 
liposarcoma, is on-going.
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The signal transducer and activator of transcription 3 
(STAT3) inhibitors

The STAT3 pathway is an important regulator of 
differentiation, proliferation, survival and angiogenesis of 
a normal human cell. Constitutive activation of STAT3 
has been found to be involved in a number of cancers, and 
more recently and relevantly STS (33). The use of STAT3 
inhibitors in STS is still in pre-clinical experimentation. 
Wang and colleagues have explored this potential. 
Following Western Blot data showing that 5 out of 6 
STS cell lines expressed constitutively activated STAT3, 
they used the STAT3 inhibitor S3I-201 and showed an  
anti-proliferative effect on the majority of STS cell lines 
that harbored aberrant STAT3 (34). More pre-clinical in 
vivo studies are awaited.

mTOR inhibitors

The mTOR pathway tightly regulates protein synthesis and 
cell homeostasis. Deregulation of this pathway is strongly 
linked to many hematological malignancies and solid 
tumors. In the mTOR pathway, the activation of a TK leads 
to activation of PI3K. Activated PI3K induces the activation 
of AKT, which in turns activate mTOR. This pathway is 
tightly regulated, for example by pTEN which inhibits 
PI3K (9), Aberrant expression or activation of any of 
these downstream signaling proteins contributes to tumor 
progression (35). GISTs, for example, have a high frequency 
of mutation of TK receptors, while other non-GISTs have 
a significant deregulation of the IGFR1 pathway, both of 
which lead to up-regulation of the mTOR pathway (36).

mTOR inhibitors have shown clinical activity in 
renal carcinoma, pancreatic neuroendocrine tumors 
and breast carcinoma (37-42). In STS there is emerging 
evidence of activity. An example of a non-GIST sarcoma 
in which mTOR inhibition has potential is perivascular 
epithelioid cell  tumor (PEComa). PEComas are a 
group of rare sarcoma that has a high frequency of the 
tuberous sclerosis complex. Both TSC1 and TSC2 genes 
commonly implicated. Recent published data has suggested 
that mTOR inhibition has significant activity against  
PEComas (43), although there are cases of resistance (44).

Ridaforolimus is a mTOR inhibitor that has been trialed 
for advanced bone and soft tissue sarcoma. Patients with 
a wide range of histological subtypes who had received a 
variety of chemotherapy regimens and shown a response 
then received ridaforolimus 12.5 mg IV over 30 minutes 

once daily for 5 days every 2 weeks. Efficacy assessment and 
restaging was done every 8 weeks until disease progression 
or treatment plan change. A total of 212 patients were 
evaluated, 61 patients (28.8%) had clinical benefit response 
(CBR). Median PFS and OS were 15.3 and 40 weeks, 
respectively. Main adverse effects were stomatitis, rash, 
mouth ulceration, mucosal inflammation, and fatigue but 
were generally well-tolerated (45). However, this trial did 
not distinguish the outcome of the different histological 
subtypes, but rather analyzed them as a whole. A subsequent 
phase III trial was conducted to examine ridaforolimus as 
maintenance therapy after standard cytotoxic chemotherapy. 
Patients were randomized. The experimental group had 
40 mg ridaforolimus once daily 5 days each week. The 
primary endpoint was PFS and secondary endpoint was 
OS, safety and tolerability. Median OS was 93.3 weeks 
with ridaforolimus compared with 83.4 weeks of the 
placebo group [hazard ratio (HR) =0.88; 95% CI: 0.72-
1.08; P=0.23]. However PFS was significantly improved  
(HR =0.72; 95% CI: 0.61-0.85; P=0.0001; median PFS: 
17.7 vs. 14.6 weeks). Drug was again well tolerated with 
predictable adverse events as seen in the previous phase 
II trial. Although these trials have shown statistically 
significant changes, their clinical impact is less clear (46).  
Additional studies using another mTOR inhibitor, 
everolimus are ongoing (36).

Anti-VEGF agents

VEGF is a ligand that is responsible for inducing 
angiogenesis, which results in tumor blood vessel formation. 
In vitro experiments have shown that VEGF is an important 
factor in STS growth, metastasis and chemoresistance due 
to the close relationship between STS cells and tumor-
associated endothelial cells (47).

As mentioned before, the phase III trial of pazopanib, an 
anti-VEGF agent, on chemotherapy-failing nonadipocytic 
STS was clinically active. However, resistance against it 
appeared to be inevitable for most patients [38]. Strategies 
to overcome this are to use it in combination with other 
targeted therapy or chemotherapy. However, this is difficult 
as mechanisms of resistances are unclear (48).

Bevacizumab is a human monoclonal anti-VEGF 
antibody that is currently used in many solid tumor 
malignancies. It and other VEGF inhibitors were the first 
systemic therapies to have any major survival impact on 
renal cancer (49). In addition, survival rate improvements, 
when combined with chemotherapy, have been described in 
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colon cancer (50). In STS, its single-agent activity has been 
described against metastatic or unresectable angiosarcoma 
and epithelioid hemangioendotheliomas (EHE). In a 
phase II trial of 32 patients, investigating bevacizumab as 
treatment for angiosarcoma 15 mg/kg of the drug was given 
intravenously every 3 weeks until progression or intolerable 
toxicity. 48% of the patients showed stable outcome, 
while 15% showed partial response (51). However, since 
most of the patients had EHE, which can be indolent for 
an extended period of time, this disease stabilization may 
reflect natural history and not drug effect.

Type 1 IGF receptor (IGF-1R) antibody

IGF-1R is a transmembrane TK receptor that is activated 
by IGF under normal cell physiology, resulting in cell 
proliferation by angiogenesis, although the mechanism 
is different from TKIs as explained earlier. IGF-1R has 
been determined to be over expressed in a number of solid 
tumors. In sarcoma, IGF-1R overexpression is seen in 
rhabdomyosarcoma, synovial sarcoma, leiomyosarcoma, 
Ewing’s sarcoma (ES) and osteosarcoma. Experimental 
and clinical evidence shows that is associated with 
tumor development and progression, although the exact 
mechanism is yet to be determined (52).

There are a number of studies investigating the efficacy 
of IGF-1R antibody on ES. One of such antibody is 
figitumumab. In a phase I study the safety, pharmacokinetics 
and preliminary activity of this drug was investigated for 
ES. It was shown to be well tolerated with few grade 4 non-
hematological toxicities and dose-limiting toxicities (53). 
In another phase I/II trial that investigated the efficacy of 
figitumumab against refractory ES, patients aged between 
10 to 18 years were recruited. In the phase I part of the 
study, they were put into two dose-escalation cohorts (20 
and 30 mg/kg intravenously every 4 weeks). The phase II 
portion of the study investigated the objective response rate. 
Like the previous study, little dose-limiting toxicities were 
reported for the phase I portion. In the phase II portion of 
the study, figitumumab as a single agent had modest anti-
tumor activity, 30 mg/kg was given every 4 weeks, for a 
median of 2 cycles (range, 1 to 16 cycles) to 107 patients. 
106 patients were suitable for evaluation, 15 and 25 had 
partial response and stable disease respectively. Median OS 
was 8.9 months. Additionally, median OS was 3.6 months  
for patients with a pre-treatment circulating free  
IGF-1 <0.65 ng/mL, while that figure was 10.4 months 
(P<0.001) for those with a baseline free IGF-1 ≥0.65 ng/mL.  

What this indicates is that it is a strong predictor of drug 
response (54). This supports earlier published data that 
insulin receptor signaling strength is a strong determinant 
of the efficacy of anti-IGF-1R therapies in ES (55).

R1507 is another monoclonal antibody to IGF1 receptor 
for recurrent or refractory Ewing sarcoma family of 
tumors (ESFT) examined in a phase II trial. In this study, 
115 patients with recurrent or refractory ESFT aged 2 to  
21 years old were recruited, 9 mg/kg/week or 27 mg/kg/3 weeks  
of R1507 were given to them. The drug was well-tolerated. 
Overall complete/partial response rate was 10%. Median 
duration of response and overall survival were 29 weeks 
(range, 12 to 94 weeks) and 7.6 months (95% CI, range, 6 
to 9.7 months) respectively. It was also noted that ESFT of 
bone primary was more likely to respond to the drug than 
extra skeletal primary (56). Interestingly, in another similar 
phase I/II trial involving another monoclonal antibody to 
IGF1 cixutumumab (IMC A12) the single-agent activity 
of cixutumumab was limited even though it was tolerated 
by the patients. Serum IGF1 levels increased after the first 
dose of cixutumumab and the level of tumor IGF1 receptor 
expression did not correlate with response (57). We believe 
that the discrepancy between the trials could be due to 
several reasons. Firstly, the drugs used were different, even 
though the target is the same. Secondly, the recruitment 
criteria were different. In the first study, there was a strong 
emphasis on ESFT, recruiting 115 patients, while in the 
second study, there were only 10 ES patients in addition to 
another 37 solid tumor participants. The limited sample size 
could have caused the discrepancy. Lastly, the assessment 
criteria were differently. In the first study, there was an 
emphasis on response rate, overall survival and duration 
of response. In the second study, the level of serum IGF1 
and expression of IGF1 receptors were used as markers of 
response. Despite the disappointing finding by Malempati 
and colleagues, they suggested that combining monoclonal 
antibody to IGF1 with other agents could overcome the 
resistance. This will be discussed below.

Met inhibitors

MET is another class of receptor TK that is activated 
by hepatocyte growth factor (HGF). MET is critical in 
sending signals that is important for cell survival and long 
distance migration of epithelial and myogenic precursor 
cells in embryogenesis. In cancer cells, this system becomes 
deregulated, resulting in invasion and metastasis (58). Its 
dysregulation has been reported in some STS (59) and 
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has been targeted in microphthalmia transcription factor-
associated (MiT) tumors such as clear cell sarcoma (CCS) 
and alveolar soft part sarcoma (ASPS) (60). In CCS, in 
vitro studies have shown that targeting MET could be a 
viable treatment option for the otherwise fatal disease. In 
a study by Davis et al. [2010], CCS cell lines were found 
to have a significantly higher expression of c-MET than 
other sarcoma cell lines. Blocking of c-MET activity with 
inhibitor SU11274 or neutralizing antibody to HGF 
AMG102 was able to significantly reduce CCS cell growth 
in culture. AMG102 was also shown to suppress in vivo 
tumor in a xenograft model (61). ASPS is another MiT 
sarcoma that is very rare (0.5% to 0.9% of all STS) and 
chemoresistant, causing it to be extremely fatal without a 
cure. Recently c-MET expression was found to correlate 
with this rare sarcoma. In a study by Hyun et al. [2010], 12 
patients with ASPS were recruited to understand the genetic 
basis of the disease. Using immunostaining methods, 100% 
of the patients were TFE3 positive, a gene that activates 
MET expression. 75% of them were MET positive. A 
strong association between TFE3 and MET were found, 
with correlation coefficient =0.808 (P=0.02). This makes 
targeting MET an attractive option for both of these very 
aggressive MiT sarcomas (62).

In a recently concluded phase II trial that targeted MET 
in MiT patients, 47 patients were recruited (27 ASPS, 11 
CCS, 6 translocation-associated renal cell carcinoma and 
3 other types). They were given 120 mg BID and 360 mg 
BID in 28-day cycles after amendment to protocol. 1 CCS 
patient (2%) had partial response in a CCS patient (2%). 
Stable disease was seen in 28 patients (60%). Median PFS 
were 5.5 and 1.9 months for ASPS and CCS respectively. 
Similar to the previous studies, MET expression was found 
to be strongly related to these tumors. Overall although the 
MET inhibitors were well tolerated in these patients the 
efficacy was modest (60).

RANK ligand inhibitor

A recent development has been the identification of targets 
beyond the signaling pathways elaborated above. In some 
cancers, other molecules are aberrantly expressed. One 
example is giant cell tumor (GCT). GCT is a rare primary 
bone tumor with few systemic treatment options. Although 
often benign, some of them can be highly malignant with 
multiple local recurrences and metastasis. Histological 
studies of GCT of bone reveal that it is made up of layers 
of neoplastic mononuclear cells, and osteoclast-like giant 

cells are found distributed evenly (63). These giant cells 
and mononuclear cells express RANK and RANK ligand 
respectively. Hence, the aberrant expression of RANK 
ligand is responsible for the aggressive osteoclastic activity it 
would be a logical target as a novel systemic treatment (64).

In a  phase II  study,  denosumab,  a  monoclonal 
antibody which inhibits RANK ligand, was administered 
subcutaneously 120 mg monthly every 28 days until 
complete resection, disease progression without clinical 
benefit or patient’s decision to stop. 37 patients were 
recruited but 2 had insufficient data for analysis. For the 
remaining 35 participants, 30 met tumor response criteria 
(86%, 95% CI: 70% to 95%) at 25 weeks. Grade 3 to 5 
toxicities were reported for example, pain in the extremities 
(n=7), back pain (n=4) and headache (n=4). Denosumab 
could be the new effective systemic treatment for GCT (65). 
However, the exact mechanism of this drug on this disease 
is unknown even with histological studies. More studies are 
needed, but it is definitely a promising option for patients 
with this rare tumor.

PI3K and AKT inhibitors

Although AKT and PI3K inhibitors are in pre-clinical and 
clinical development and are biologically plausible targets 
in this group of tumors, they have yet to be examined in any 
detail in STS.

Combination therapy

Despite the promising theoretical potential of targeted 
therapy, many of these agents have limited effect when used 
singly. One approach to enhance the anti-tumor effects of 
monotherapy has been to combine them with conventional 
chemotherapy. These combinations have been shown to 
be synergistic in several studies and therefore potentially 
more potent in their ability to alter outcomes (66-68). This 
strategy has been effective in some sarcomas. This will be 
discussed here.

mTOR inhibitor with chemotherapy

Combination of mTOR inhibitor and combination therapy 
has been studied in STS in both preclinical and clinical 
trials. In a study by Houghton and colleagues, rapamycin 
was combined with cyclophosphamide, vincristine or 
cisplatin was examined. In vitro studies revealed that this 
combination was generally subadditive or additive. In in vivo 
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studies, combination of rapamycin with cyclophosphamide 
or vincristine showed therapeutic enhancement, with the 
former more superior. However, combination of rapamycin 
and cisplatin produced more excessive toxicity and less 
therapeutic enhancement when compared to the other two 
combinations (69). These promising findings led to further 
clinical trials.

In a recent phase II study, the efficacy of sirolimus and 
cyclophosamide combination in advanced sarcoma was 
investigated. 49 patients were recruited. They were given 
together, sirolimus (12 mg dose on day 1 followed by  
4 mg daily) and cyclophosamide (200 mg orally daily for 
7 days every other week). Toxicity and 6-month PFS rates 
were used as assessment parameters. Grade 3 toxicities 
were generally well-tolerated. 10 of 47 assessable patients 
had PFS ≥6 months. 2 patients completed more than  
12 months of treatment. 6-month PFS rate was 21% (SD: 
0.06%). Median PFS and survival were 103 and 328 days  
respectively (70), which for such a late group was an 
encouraging result.

Anti-VEGF agent with chemotherapy

Anti-VEGF agent bevacizumab has been trialed in 
combinations with other chemotherapy drugs in soft tissue 
sarcoma. In 2005, D’Amato and colleagues concluded a 
phase II trial involving doxorubicin and bevacizumab in 
patients with metastatic STS. In this study, 17 suitable 
patients were recruited. Doxorubicin was given at 75 mg/m2  
IV push followed by bevacizumab 15 mg/kg IV every  
3 weeks, 2 patients showed partial responses, 11 patients 
showed stable disease for four cycles or more. 6 of them 
developed cardiac toxicity grade 2 or worse (4 grade 
2, 1 grade 3 and 1 grade 4). 1 patient died of recurrent 
bilateral pneumothoraces, which could have been related 
to treatment, but had pre-existing lung lesion. This study 
showed that although this combination may be useful 
against STS, further studies should consider a lower dose 
in light of toxicity (71). More recently, there was a phase IB 
trial involving combining bevacizumab with docetaxel and 
gemcitabine in patients with advanced of recurrent STS. In 
this study, 38 suitable patients, who were chemotherapy-
naïve, were recruited. Docetaxel, bevacizumab, and 
gemcitabine were given at 50 mg/m2, 5 mg/kg, and  
1,500 mg/m2 respectively every 2 weeks after a dose-finding 
study for gemcitabine was conducted. Overall response 
rate was 31.4%, 5 had complete responses, while 6 showed 
partial responses. 18 had stable disease for a median of  

6 months. Hematological toxicity was insignificant. 
However, adverse events of highest grade observed were 
bevacizumab-related. This trial concluded that this 
combination is safe and effective in STS, but the benefit of 
bevacizumab is uncertain (72).

Another anti-VEGF agent sorafenib has also been 
trialed with conventional chemotherapy, albeit with mixed 
outcome. They are only phase I trials. The first study 
involved combination of sorafenib and dacarbazine. 17 
patients were with STS were recruited after failing 2 or 
more chemotherapy regiments and performance status 
of ≤2. Sorafenib was given at 400 mg twice daily while 
dacarbazine was given at 300 mg/m2 for 3 consecutive 
days every 3weeks until disease progression or intolerable 
toxicity. 14 patients were evaluated. 3 patients had to stop 
treatment early (1 died but not disease related, 2 left because 
of rapidly worsening condition). Of the 14 patients, 3 (21%) 
had partial responses, 6 (43%) had stable disease, and 5 
(36%) had progressive disease. Median time of progression 
and overall survival were 20 weeks (range, 9-34 weeks)  
and 43 weeks (range, 17-65 weeks). Skin reactions (57%), 
fatigue (50%), neutropenia (36%) thrombocytopenia 
(36%) and hypertension (36%) were the main toxicities 
observed. 5 patients needed dose reduction for both drugs 
for toxicity, while 3 needed dose reduction of sorafenib (73). 
In another study, sorafenib was combined with ifosfamide 
for patients with advanced sarcoma. 12 patients were 
recruited. Sorafenib plus ifosfamide were administered 
with initial doses of 200 mg bid and 6 g/m2 respectively. 
Cohorts of 3-6 patients were used in a 3+3 dose escalation 
design. 3 dose limiting toxicity were observed (fatigue grade 
4 with sorafenib 400 mg bid plus ifosfamide 6 g/m2 and 
encephalopathy and emesis grade 3 with sorafenib 400 mg 
bid plus ifosfamide 7.5 g/m2) 8 patients had stable disease 
for more than 12 weeks. This phase I trial concluded 
that sorafenib 400 mg bid plus ifosfamide 6 g/m2 is the 
recommended doses, although limited antitumor activity 
was observed (74). In light of these two recently concluded 
trials, combining sorafenib with conventional therapy may 
be a feasible option in the future, but more evidence is 
needed to ascertain the efficacy.

The addition of novel targeted therapy to conventional 
chemotherapy is a promising solution to overcome 
treatment resistance.

Combination of two targeted therapy agents

The combination of two targeted agents is another new 
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direction due to the extensive crosstalk between the 
downstream signaling pathways (9-13) such that even if the 
primary pathway is blocked, activation of the complementary 
pathway can provide an avenue for resistance to the initial 
drug. Hence the ultimate goal of combination therapy is 
to inhibit two or more dominant targets responsible for 
tumor progression to overcome primary and secondary 
drug resistance.  This is  clearly shown in HER2-
overexpressing breast cancer where anti-HER2 monoclonal 
antibody trastuzumab and the TK inhibitor lapatinib have 
demonstrated synergy in pre-clinical and clinical studies (75).  
In sarcoma, the combination of an mTOR inhibitor and 
IGF-1R inhibitors may hold promise. In a recently concluded 
phase I clinical trial investigating the preliminary efficacy of 
cixutumumab and temsirolimus, 20 patients with refractory 
ES were recruited and given cixutumumab (6 mg/kg  
IV weekly) and temsirolimus, (25 to 37.5 mg IV weekly), 
4-week cycles for both. All tumors were restaged after  
8 weeks. Results were encouraging. Toxicities were generally 
well tolerated, 7 (35%) achieved stable disease for more than 
5 months or complete/partial responses, 5 (29%) patients 
had tumor regression of more than 20%, with 2 of the 5 
achieving 100%. Of the 6 patients with ES who previously 
developed resistance to a different IGF-1R inhibitor 
antibody, 1 achieved complete response (76).

The same combination has also been tested in bone 
and soft tissue sarcomas. A recently concluded phase II 
study evaluated the safety and efficacy of cixutumumab 
and temsirolimus in these tumors, IGF-1R positive and 
negative. 383 patients were evaluated. Primary 12 weeks 
PFS endpoint was achieved (32% in IGF-1R positive STS, 
38% in IGF-1R positive bone sarcoma, 43% in IGF-1R 
negative bone and soft tissue sarcomas). Western Blots of 32 
matched pair tumors biopsies show inhibition of IGF-1R, 
pAKT and pS6. However, there was no correlation between 
plasma markers and PFS (77).

This is one example of a clinically realistic combination 
that identifies how combination therapy can overcome 
alternative pathway resistance. The potential of combination 
is clear however the details of the specific mechanism of 
resistance must be determined in preclinical studies.

Conclusions

Although sarcomas are initially or ultimately resistant to 
conventional chemotherapy in many cases, the emergence 
of targeted therapy agents as a new systemic treatment 
modality may offer hope to sarcoma patients. Single 

agents have shown activity and rational evidence based 
combinations may be able to overcome the resistances. 
This is an emerging area and is likely to produce additional 
improved patient outcomes over the next decade.
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