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Abstract: Soft tissue sarcomas comprise approximately 1% of all adult solid malignancies. 

While chemotherapy is the mainstay of treatment for patients with metastatic or  inoperable 

disease, overall survival for these patients is approximately 12 months, highlighting the need for 

novel agents. Both laboratory and clinical data have suggested that antiangiogenic agents may 

have a role in the treatment of soft tissue sarcomas. Pazopanib is a multitargeted  receptor tyrosine 

kinase inhibitor with antiangiogenic activity. The randomized, double-blind,  placebo-controlled, 

Phase III PALETTE (pazopanib for metastatic soft-tissue sarcoma) study demonstrated improved 

progression-free survival in patients receiving pazopanib compared with placebo. In this review, 

we discuss the rationale and clinical evidence for the use of pazopanib in the treatment of 

metastatic and inoperable soft tissue sarcomas.
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Introduction
Soft tissue sarcomas (STS) are a rare and heterogeneous group of mesenchymal tumors, 

comprising over 50 different histological subtypes and accounting for  approximately 

1% of adult solid malignancies. Individual histological subtypes show great  differences 

in terms of genetic alterations, pathogenesis, and clinical behavior, varying from 

 relatively indolent to highly aggressive disease. The median overall survival for patients 

with metastatic disease is approximately 12 months.1 Chemotherapy is the mainstay 

of treatment for patients with metastatic or inoperable disease.  Schedules including 

doxorubicin or ifosfamide achieve objective responses in 15%–35% of patients.1 The 

last decade has seen the emergence of several novel agents with activity against certain 

STS entities. The introduction of imatinib and other tyrosine kinase  inhibitors has 

 revolutionized the treatment of gastrointestinal stromal tumors and has been a paradigm 

for targeted therapy in solid tumors. Paclitaxel has shown efficacy and good tolerability 

in angiosarcoma in a single-arm trial.2 Trabectedin was approved in Europe in 2007 for 

patients with STS, and has demonstrated considerable activity in leiomyosarcoma 

and myxoid/round cell liposarcoma.3 Gemcitabine with dacarbazine or docetaxel has 

demonstrated activity in uterine leiomyosarcoma.4,5 Despite these advances, the poor 

median progression-free survival of approximately 3 months and the median overall 

survival of approximately 12 months for all STS have remained unchanged. Given 

such poor outcomes, there is clearly an unmet need for novel  therapeutic options in 

the arsenal for STS.

Several studies have suggested that angiogenesis plays an important role in the 

growth and spread of STS. Yoon et al6 demonstrated 10-fold higher levels of vascular 
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endothelial growth factor (VEGF) by angiogenic profiling 

of STS compared with normal tissue controls. Indeed, high 

VEGF expression is an independent and prognostic indica-

tor for increased risk of metastases and decreased overall 

survival.7 Further, blood VEGF levels in patients with STS 

are elevated compared with controls and are related to the his-

tologic grade of the primary tumor.6,8–10 Increasing evidence 

has demonstrated that platelet-derived growth factor (PDGF) 

receptor signaling is also involved in tumor angiogenesis.11 

Specifically, signaling through PDGF receptor-β seems to 

play a critical role in the recruitment of the tumor pericytes 

responsible for development of functional capillaries and 

production of VEGF by the tumor stroma.11,12 There is some 

evidence that simultaneously targeting the VEGF and PDGF 

pathways may be more effective than targeting either pathway 

alone, leading some investigators to explore multitargeted 

receptor tyrosine kinase inhibitors.13,14

Antiangiogenic agents in soft  
tissue sarcoma
Sunitinib malate is an oral multitargeted tyrosine kinase 

inhibitor of VEGF receptors 1, 2, and 3, PDGF receptor-α and 

receptor-β, KIT, FMS-related tyrosine kinase 3, RET, and 

the colony stimulating factor-1 receptor tyrosine kinases. In a 

multicenter Phase II trial of sunitinib for the treatment of non-

gastrointestinal stromal tumors, which included four patients 

with synovial sarcoma, 11 of 48 patients demonstrated stable 

disease, including one patient with synovial sarcoma who had 

stable disease following 16 weeks of therapy.15 A Phase II 

study of sorafenib, an inhibitor of Raf-1 in addition to VEGF 

receptor 2 and 3, PDGF receptor-β, FMS-related tyrosine 

kinase 3, and KIT in patients with metastatic or recurrent sar-

comas demonstrated some activity in a group of 12 patients 

with synovial sarcoma, with a Kaplan–Meier estimate for 

progression-free survival of 42% at 3 months.16

A Phase I study of cediranib, a potent inhibitor of VEGF 

receptors 1, 2, and 3, and c-KIT in children and adolescents 

with refractory solid tumors, found objective responses in a 

sarcoma group, which included two patients with synovial 

sarcoma. One of the patients with synovial sarcoma in this 

study had a 67% reduction in tumor dimensions.17 Cediranib 

has shown promise in alveolar soft part sarcoma, a rare 

chemoresistant translocation-related sarcoma.

Brivanib, an oral dual inhibitor of VEGF receptors 1, 2, 

and 3 and fibroblast growth factor receptors 1, 2, and 3, was 

evaluated for the treatment of STS in a randomized Phase II 

discontinuation trial. Of the 251 patients with STS enrolled, 

there were seven partial responses, with an overall response 

rate of 2.8% and a disease control (overall response rate + 

stable disease) rate of 30%. Median progression-free survival 

was 2.8 months from the initial 12-week lead-in period in 

a subgroup of high expressers of fibroblast growth factor 

receiving brivanib compared with 1.4 months for placebo 

controls (P = 0.08).18 These laboratory and clinical data 

suggest that antiangiogenic agents may have a role in the 

treatment of STS.

Pazopanib
Preclinical data
In the wake of the success of anti-VEGF drugs such as beva-

cizumab, GlaxoSmith Kline sought to target the VEGF and 

PDGF receptor kinases simultaneously. An initial screening of 

GlaxoSmithKline compounds identified two molecules caus-

ing potent inhibition of VEGF receptor 2, ie, a quinazoline and 

a pyrimidine. Although crystallography for VEGF receptor 2 

was not available at the time of the study, binding models 

were developed using the homologous fibroblast growth 

factor receptor and identified the quinazoline and pyrimidine 

regions as being responsible for the activity. This led to the 

development of 13 successive pyrimidine compounds with 

various and improved degrees of VEGF receptor binding, 

designed with the goal of good oral bioavailability. Pyrimidine 

13, 5-[4-[(2,3-dimethyl-2H-indazol-6-yl)methylamino]-2-

pyrimidinyl]amino]-2-methyl-benzenesulfonamide, showed 

good potency against all VEGF receptors as well as PDGF 

receptor-β, c-KIT, fibroblast growth factor receptor 1, and 

c-FMS in vitro, and was developed further to become the 

compound now known as pazopanib (GW786034). Further 

in vivo assays, including the mouse matrigel plug assay and 

the corneal micropocket assay, demonstrated potent inhibition 

of angiogenesis. The compound was able to inhibit xenografts 

from multiple solid tumors, and good murine bioavailability 

was observed.19

In mice given an intravenous bolus of VEGF, pazopanib 

blocked phosphorylation of VEGF receptor 2 compared with 

untreated controls. When the mice had previously received 

a single dose of pazopanib, inhibition of VEGF receptor 2 

phosphorylation in the lungs was dose-dependent and time-

dependent. A single oral dose of pazopanib 30 mg/kg inhibited 

phosphorylation for more than 8 hours. These results suggest 

that optimal inhibition of VEGF receptor 2 phosphorylation 

requires plasma concentrations above 40 µmol/L.20 Further 

studies demonstrated that although efficacy was highly 

dose-dependent, adequate dosing could be safely achieved 

and that efficacy was strongly correlated with inhibition of 

the VEGF receptor.21
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Phase i data
A Phase I clinical trial by Hurwitz et al assessed the safety, 

pharmacokinetics, and clinical activity of pazopanib in 

patients with refractory advanced-stage solid tumors.22 

Patients were enrolled into sequential dose-escalating cohorts 

(50 and 100 mg three times a week, 50–2000 mg once a day, 

and 300 and 400 mg twice a day). Escalation or de-escalation 

was based on toxicities observed in the preceding dose cohort. 

Clinical response was assessed every 9 weeks. Sixty-three 

patients were treated (dose escalation, n = 43; dose expan-

sion, n = 20). Although a maximum tolerated dose was not 

achieved, absorption at doses . 800 mg once daily were 

limited because of the oral bioavailability of pazopanib. 

Therefore, the 800 mg per day dose cohort were selected for 

use in the Phase II and III clinical trials.

A plateau in steady-state exposure was observed at 

doses $ 800 mg once daily, but it is still recommended that 

pazopanib be administered in between meals (either one hour 

before or two hours after food), because its absorption may 

be increased when administered with food. The mean elimi-

nation half-life at the 800 mg dose was 31.1 hours. A mean 

target trough concentration (C
24

) $15 µg/mL (34 µmol/L) 

was achieved at 800 mg once daily. Three patients had partial 

responses, with stable disease of $6 months observed in 

14 patients, and clinical benefit was generally observed in 

patients who received doses $ 800 mg once daily or 300 mg 

twice daily. Hypertension, diarrhea, hair depigmentation, and 

nausea were the most frequent drug-related adverse events, 

the majority of which were grade 1 or 2. Hypertension 

was the most frequent grade 3 adverse event. Four patients 

experienced dose-limiting toxicities at 50 mg, 800 mg, and 

2000 mg once daily. This study demonstrated that pazopanib 

was generally well tolerated and showed antitumor activity 

across various tumor types, with a dose of 800 mg once daily 

selected for Phase II studies.22

The pharmacokinetic characteristics of pazopanib are 

similar to those of sunitinib and sorafenib. Like other 

tyrosine kinase inhibitors, pazopanib is highly protein-

bound. Furthermore, pazopanib, sunitinib, and sorafenib 

are all metabolized in the liver and eliminated via the feces. 

However, pazopanib undergoes significantly less renal 

elimination than sorafenib and sunitinib.23 Pazopanib is 

primarily metabolized by cytochrome P450 (CYP)3A4, but 

interactions with CYP3A4 inducers or inhibitors are not 

well characterized.22 Coadministration of strong CYP3A4 

inhibitors (eg, clarithromycin or ketoconazole), grapefruit 

juice, and CYP3A4 inducers (eg, rifampin) should be avoided 

when possible.

Phase ii data
A single-arm Phase II trial (European Organisation for the 

Research and Treatment of Cancer study 62034) treated 

142 patients with intermediate-grade or high-grade advanced 

STS. The study included patients who were ineligible for 

chemotherapy or had received no more than two prior 

 cytotoxic agents for advanced disease. Pazopanib 800 mg 

was given daily. The primary end point was progression-

free survival at 12 weeks. Secondary end points were 

response, safety, and overall survival. Four different strata 

were studied, ie, adipocytic STS, leiomyosarcoma, synovial 

sarcoma, and other STS types. The adipocytic STS stratum 

was closed after analysis showed insufficient activity, with 

progression-free survival at 12 weeks of only 26%. The 

remaining cohorts demonstrated progression-free survival at 

12 weeks of 44% in the leiomyosarcoma group, 49% in the 

synovial sarcoma stratum, and 39% in the stratum consist-

ing of other STS types. Compared with historical controls 

treated with second-line chemotherapy, progression-free 

and overall survival were prolonged in the three cohorts 

in whom the primary end point was reached. The most 

frequent drug-related toxicities were hypertension, fatigue, 

hypopigmentation, and nausea. Other toxicities included 

liver enzyme elevations, myelosuppression, and protein-

uria, most of which were grades 1 to 2. The most frequent 

grades 3 to 4 toxicities were hyperbilirubinemia (6.3%), 

hypertension (7.7%), and fatigue (7.7%).24

Phase iii data
These promising findings led to the multicenter, interna-

tional, double-blind, placebo-controlled Phase III PALETTE 

 (European Organisation for the Research and Treatment of 

Cancer study 62072) trial.25 PALETTE compared pazopanib 

and placebo, with 2:1 randomization of participants (and no 

crossover) who had received at least two lines of chemother-

apy for metastatic nonadipocytic STS. Patients (n = 369) were 

randomly assigned to receive either pazopanib 800 mg once 

daily (n = 246) or placebo (n = 123) until disease progres-

sion or development of unacceptable toxicity. The median 

age of the participants was 56 years, and median duration 

of follow-up was 15 months. The primary end point was 

progression-free survival, assessed by independent central 

review. The progression-free survival in patients receiving 

pazopanib was superior to that in those receiving placebo, 

with a median of 4.6 months and 1.6 months, respectively 

(hazard ratio = 0.31; P , 0.0001). In additional, Cox models 

revealed a significant benefit for progression-free survival 

across all histo logical subtypes.
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A trend towards improved overall survival was also seen 

in the pazopanib arm (12.5 months versus 10.7 months; 

hazard ratio 0.86, P = 0.25), but this was not statistically 

significant. After a 15-month follow-up analysis, the median 

overall survival of 10.7 months in the placebo group was 

approximately 3 months longer than that estimated in the 

trial design. Further, the study was essentially underpowered 

to detect the proposed 3-month overall survival benefit for 

pazopanib. The authors suggested that the unexpectedly long 

overall survival time observed in the placebo group might 

be due to the administration of post-progression therapy, 

which was not recorded. Whether patients in the control 

arm received antiangiogenic agents after progression in 

subsequent trials is also unclear, but might have influenced 

overall survival. Another possible reason for the lack of 

overall survival benefit was the occurrence of a “rebound” 

effect that accelerated progres sion after patients stopped 

pazopanib therapy. Theoretical causes of such a rebound 

effect include increased circulating levels of angio genic 

peptides or increased invasion and metastasis.26

It is noteworthy that the patients included in this study 

had very poor prognoses, as shown by the low median 

progression-free survival and high frequency of adverse 

events in the placebo group. The most common grade 

3 or 4 adverse events included hypertension (14%) and 

fatigue (13%), and other events of special interest included 

myocardial dysfunction (2%), venous thromboembolism 

(3%), and pneumothorax (0.4%).27

Limitations of PALETTE study
The PALETTE study was the first ran domized Phase III 

trial to demonstrate the efficacy of an antiangiogenic agent 

in pre treated patients with STS. However, these data could 

be further strengthened by identification of patients who are 

more likely to benefit from antiangiogenic agents such as 

pazopanib. Further studies are required to evaluate putative 

molecular and imaging markers of response to pazopanib 

and other antiangiogenic agents.

The decision to exclude all adipocytic STS was based 

on the outcome of the Phase II European Organisation for 

the Research and Treatment of Cancer study, where low 

progression-free survival was seen at 12 weeks in patients 

with liposarcoma.24 However, it is clear that liposarcoma is 

not one disease but rather three different biological diseases, 

ie, well differentiated/dedifferentiated, pleomorphic, and 

myxoid/round cell liposarcoma. A retrospective analysis 

of response to chemotherapy in patients with liposarcoma 

demonstrated a statistically significant higher response rate to 

first-line chemotherapy in patients with myxoid liposarcoma 

compared with well differentiated/dedifferentiated tumors 

(48% versus 11%, respectively).28 Theoretically, there may 

also be a differential response to pazopanib. A study of 

pazopanib (NCT01506596) is currently recruiting patients 

with dedifferentiated, myxoid/round-cell, pleomorphic, 

mixed-type, or not otherwise specified adipocytic sarcoma, 

which will yield results that could supplement the conclu-

sions of the PALETTE trial.

Although a statistically significant improvement in 

 progression-free survival was seen, there remains  considerable 

room for improvement. There is hope that  studies  combining 

pazopanib with other agents may strengthen results. 

A randomized Phase II clinical trial using a combination of 

gemcitabine with or without pazopanib in treating patients 

with refractory STS is ongoing (ClinicalTrials.gov identifier: 

NCT01532687).

Very little is known about the activity of pazopanib in 

the neoadjuvant setting. Several clinical trials are explor-

ing this option, either with preoperative pazopanib alone 

(NOPASS, ClinicalTrials.gov identifier NCT01543802) or in 

combination with doxorubicin and ifosfamide chemotherapy 

(ClinicalTrials.gov identifier NCT01446809).

Mechanisms of resistance
The success of pazopanib in clinical trials is tempered by 

the realization that for most patients the duration of disease 

stabilization is short-lived. Unfortunately, little is known 

about why certain STS subtypes, such as liposarcoma, may be 

resistant to pazopanib or how tumors sensitive to pazopanib 

acquire resistance during the course of treatment. This has 

been a problem with cancer therapy in general with agents 

inhibiting angiogenesis. Some patients will not benefit at all 

because some tumors appear to have an intrinsic pre-existing 

nonresponsiveness to antiangiogenic therapy.29,30 Some carci-

nomas are known to sometimes have increased proapoptotic 

signals from multiple different pathways. For example, in 

breast cancer, the presence of multiple proangiogenic factors 

is correlated negatively with prognosis.31 The presence of 

multiple non-VEGF factors has been correlated with in vitro 

resistance to VEGF inhibition in renal cell carcinoma and 

colon cancer cell lines.32

Even tumors with an excellent response to pazopanib 

will eventually develop resistance and it is unclear why 

this happens. Glioblastomas overcome cediranib-mediated 

VEGF receptor inhibition through increased production 

of fibroblast growth factor.33 Mice have been observed to 

upregulate production of VEGF rapidly following treatment 
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with anti-VEGF receptor 2 antibodies.34 Increases in  multiple 

proangiogenic factors have been observed following 

 treatment with sunitinib.35

Increased activation of alternative proangiogenic signal-

ing pathways, such as Delta-like 4-mediated Notch signaling, 

may further allow resistance to angiogenesis inhibitors.36 

Inhibition of these pathways may results in excessive but 

nonproductive angiogenesis and thereby reduced tumor 

growth.37 The Tie receptors, together with their two major 

ligands, angiopoietin-1 and angiopoietin-2, are alternative 

pathways to induce critical features of angiogenesis, such as 

vessel maturation,38 and may be activated in cases of some 

resistance to angiogenesis inhibition.

Further, hypoxic conditions cause secretion of factors 

such as hypoxia-inducible factor-1α that can have strong 

proangiogenic effects, including causing increased produc-

tion of proangiogenic cytokines and growth factors.39 This 

can further lead to recruitment of endothelial and pericyte 

progenitor cells from the bone marrow which can form blood 

vessel components and recruit other factors necessary for 

angiogenesis40 or recruit tumor-derived macrophages which 

do not form blood vessels and may help recruit blood vessel 

formation.41 Pericytes may support blood vessel walls and 

decrease the necessity for proangiogenic factors, such as 

VEGF.42,43

Also, phosphoinositide 3-kinase inhibitors may not only 

restrain tumor growth by inhibition of tumor angiogenesis, 

but can exert additional inhibitory effects on tumor cells.44 

Sunitinib, for example, directly inhibits tumor cell prolifera-

tion and clonogenic capacity.45 Therefore, acquired resistance 

may also be a consequence of alternative signaling of tumor 

cells including the production of alternative angiogenic 

growth factors. Although tumors frequently overcome 

cytotoxic chemotherapy by acquisition of genetic mutations 

leading to decreased target binding or increased drug efflux,46 

there is currently no evidence for such a mechanism leading 

to pazopanib resistance.

Conclusion
A randomized, placebo-controlled Phase III trial has shown 

that pazopanib has activity in advanced pretreated STS. The 

drug is well tolerated, allowing prolonged therapy. The drug 

has been approved for patients with sarcoma previously 

treated with chemotherapy. It is clear that angiogenesis has 

a critical role in STS, but further work is required to under-

stand mechanisms of resistance and identify biomarkers of 

drug efficacy, as well as effectively and safely combining 

pazopanib with other agents targeting pathways that may be 

implicated in pazopanib resistance. Current and planned trials 

are evaluating pazopanib in combination with other agents 

as well as in the neoadjuvant setting.
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