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SUMMARY
Soft tissue sarcomas (STS) represent a diverse group of histologic subtypes with targetable
molecular alterations, often treated as a single disease. Sunitinib malate is a multitargeted receptor
tyrosine kinase inhibitor active in other solid tumors carrying similar alterations (i.e., imatinib
mesylate-refractory gastrointestinal stromal tumors). This single-institution phase II study
investigated the safety and efficacy of sunitinib malate in three common STS subtypes. Patients
with documented unresectable or metastatic STS (liposarcoma, leiomyosarcoma, and malignant
fibrous histiocytoma [MFH]), measurable disease, and 3 or less prior lines of therapy were
eligible. Treatment consisted of sunitinib malate, 50 mg daily, for 4 weeks every 6 weeks. Forty-
eight patients were enrolled, and 35% were heavily pretreated (≥2 prior lines of chemotherapy).
The safety profile resembled previously known sunitinib malate toxicities. Median progression-
free and overall survivals for liposarcoma, leiomyosarcoma, and MFH were 3.9 and 18.6, 4.2 and
10.1, and 2.5 and 13.6 months, respectively. The 3-month progression-free rates in the untreated
and pretreated (chemotherapy) patients with liposarcoma, leiomyosarcoma, and MFH were 75%
and 69.2%, 60%, and 62.5%, and and 25% and 44.4%, respectively. With the caveats that a
minority of patients with potentially indolent or low-grade disease could have been included and
the small numbers, a 3-month progression-free rate of >40% suggests activity for sunitinib malate
at least in liposarcomas and leiomyosarcomas. Thus, we believe that further investigation in these
susceptible STS subtypes is warranted.
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INTRODUCTION
Soft tissue sarcomas (STS) are rare malignancies that are of mesenchymal origin. With over
50 distinct subtypes, STS display considerable heterogeneity.1 Effective systemic therapies
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for this broad range of rare diseases have been lacking, consequently leading to poor
prognosis for patients with advanced disease.

Traditionally, doxorubin has been the backbone of chemotherapy for patients with
metastatic disease, with response rates from 10% to 30%.2-4 Doxorubin in combination with
ifosfamide has been shown to produce higher response rates but without improvement in 1-
year survival.5 Median survival for those with metastatic disease remains poor at 8 to 12
months.6

A greater molecular understanding of the distinct subtypes of STS has led to the
development and introduction of novel, molecularly targeted therapies for this disease. The
best example is the discovery of the gain-of-function mutation in the c-KIT cell surface
transmembrane receptor in gastrointestinal stromal tumors (GIST). Treatment strategies that
target such mutations (for example, imatinib mesylate, a tyrosine kinase inhibitor (TKI) of
the c-KIT receptor) have shown remarkably efficacious results.7

Many subtypes of STS have been found to express various tyrosine kinase receptors and
pro-angiogenic growth factors, which are considered to play a role in tumor pathogenesis
and angiogenesis. For example, 45% of synovial sarcomas express platelet-derived growth
factor beta (PDGF-β).8 Tumors producing vascular endothelial growth factor (VEGF) have
been found in numerous STS, with one study suggesting an association between serum
VEGF levels and tumor grade and survival.9

Sunitinib malate is a multi-targeted TKI shown to target PDGF receptor-alpha and -beta;
VEGF receptor-1, -2, and 3; c-KIT; and FLT3. Sunitinib malate has been shown to be safe
and effective both in patients with imatinib-resistant GIST and in those with metastatic renal
cell carcinoma, with FDA approval for both indications. Dosing of 50 mg daily for 28 days
with 2 weeks off between cycles has been shown to deliver an acceptable toxicity
profile.10, 11

In this phase II study, our objective was to determine the efficacy and safety of sunitinib
malate in patients with metastatic or unresectable STS. We studied some of the most
frequent STS histologies (liposarcoma, leiomyosarcoma, and malignant fibrous histiocytoma
[MFH]) and included fibrosarcomas, in an attempt to generate data general enough to
extrapolate to the majority of STS and specific enough to drive future hypotheses.

METHODS
Patients

All patients provided signed informed consent prior to enrollment; the study was approved
by our Institutional Review Board. Patients 18 years or older with unresectable and/or
metastatic liposarcoma, leiomyosarcoma, fibrosarcoma, or MFH were eligible for this study.
Other inclusion criteria included ECOG performance status ≤ 2, life expectancy > 16 weeks,
resolution of all acute toxic effects from prior therapies (chemotherapy, radiotherapy, or
surgery) to NCI CTCAE version 3.0 grade ≤ 1, AST and ALT levels ≤ 2.5 times the
institutional upper limit of normal (ULN) or < 5 times ULN if malignant liver involvement
is present, total serum bilirubin < 1.5 times ULN, absolute neutrophil count ≥ 1500/μL,
platelet count ≥ 100,000/μL, hemoglobin concentration ≥ 9.0 g/dL, serum calcium
concentration < 12.0 mg/dL, and serum creatinine < 1.5 times ULN. Additionally, patients
had to display measurable disease as defined by RECIST12 and could not have had more
than 3 prior chemotherapy regimens.
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Key exclusion criteria included prior TKI therapy; major surgery, radiation therapy, or
chemotherapy within 4 weeks of starting the study treatment; NCI CTCAE version 3 grade 3
hemorrhage within 4 weeks of starting study treatment; history of or known brain metastases
or evidence of symptomatic brain or leptomeningeal disease; cardiac dysrrhythmias of NCI
CTCAE grade 2 or greater; hypertension that cannot be controlled by medications
(>150/100 mmHg despite optimal medical therapy); and concomitant use of agents known
to induce or inhibit CYP3A4 or to be metabolized by CYP450.

Study Design
This single-institution, open-label phase II clinical trial followed a single-stage design in
which the primary objective was to individually estimate the overall response rate (ORR) of
previously treated patients with each of the four chosen STS cohorts to sunitinib malate.
Secondary objectives included determination of progression-free survival (PFS), overall
survival (OS), and safety (toxicities) of sunitinib malate in the studied STS cohorts. This
trial was amended to exclude fibrosarcoma after only one patient was accrued while the
other cohorts had completed 75% or more of their planned accrual. Only patients with
liposarcoma, leiomyosarcoma, or MFH were enrolled after this amendment.

Patients received 50 mg of sunitinib malate orally once daily on days 1-28 of a planned 42-
day cycle. Stepwise dose modifications (reductions) to 37.5 mg and 25 mg were planned by
design. Grade 3 and 4 non-hematologic toxicities were treated by holding therapy until
toxicity was grade ≤ 1 plus one level of dose reduction. Grade 3 hematologic toxicity
(excluding lymphopenia) was treated by holding treatment until toxicity was grade ≤ 2, after
which patients resumed dose at the same level. Grade 4 hematologic toxicity was treated by
holding treatment until toxicity was grade ≤ 2 plus one level of dose reduction.

Efficacy Assessments
Baseline evaluations were conducted with computed tomography scans or magnetic
resonance imaging, physical examination, complete blood count and differential,
comprehensive metabolic panel, and ECG. Patients were re-evaluated every 6 weeks while
on study treatment. Response assessments were based on the longest diameter tumor
measurements in accordance with RECIST. Patients assigned the status of partial response
(PR) or complete response (CR) required repeat confirmatory assessments 4-5 weeks later.
Patients assigned the status of stable disease (SD) were required to meet the SD criteria at
least once after study entry at a minimum interval of no less than 6 weeks.

Statistical Methods
A multiple cohort, single-stage study design was used to maximize the chance at identifying
a histology in which this therapy could be efficacious. We planned to reject the null
hypothesis that the response rate (CR + PR) was at ≤5% if at least four responses out of 48
patients were observed. With an alpha level of 0.10, there was a 97% chance of rejecting the
null hypothesis if the true response rate was 20% and 86% power if the true response rate
was 15%. Due to the diversity in the histologic presentation of STS and given that activity of
sunitinib malate against one type does not necessarily imply activity against another STS
type, we attempted to enroll four cohorts of size ≥ 12 patients, each representing the most
common histopathologies (with a total of 48 patients to be enrolled in this study). In addition
to the individual ORR result, we also planned to note the observed response rates for the
four cohorts together (general response of STS to sunitinib malate).

The median survival times for PFS and OS were estimated using the Kaplan-Meier (K-M)
method, but also assuming an exponential distribution, as this estimation has a smaller
expected variance than when the K-M method is used.13, 14 In our study, the efficiency of
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the K-M fit to the exponential fit for estimating the median was 0.48, which means that it
would take a sample twice as large with the K-M method (1/0.48 ≈ 2/1) to obtain an
estimate as precise as with the exponential method. The Hollander-Proschan preliminary test
was used to assess the suitability of the exponential distribution assumption, using α =
0.10.15 Survival comparisons between subtypes were made by the log-rank test.

RESULTS
Patient Characteristics

From September 2006 to August 2007, a total of 48 patients were enrolled on the study by
the Moffitt Cancer Center Sarcoma program (ClinicalTrials.gov identifier NCT00400569).
In general, the patients had been heavily pretreated previously, with a significant number
receiving more than one prior chemotherapy regimen (35%) and most with multiple
metastatic sites. Not surprisingly, the most common site of metastases was the lungs, but
liver and bones were also frequently involved (Table 1). The median times from diagnosis to
enrollment ranged from 20 to 22 months for the three subgroups.

Safety
All patients received at least one dose of sunitinib malate and therefore are included in our
toxicity evaluation. Patients were enrolled on study for a median of 8 weeks, and a total of
50% required reduction of sunitinib malate dose. Twenty-one patients (44%) were dose
reduced to the 37.5 mg level. Two patients (4%) were dose reduced to the 25 mg level. The
primary reason for dose reduction was the occurrence of drug-related adverse events.

The most frequent adverse events are listed in Table 2. The majority of events were grade 1
or 2, with the most common symptoms being fatigue/asthenia and other gastrointestinal
complaints (diarrhea, dysguesia, and dyspepsia). Other symptoms seen in at least one-third
of the patients were thrombocytopenia and mucositis. Five patients had grade 3 neutropenia,
3 patients had grade 3 thrombocytopenia, 4 patients had grade 3 fatigue/asthenia, and grade
3 vomiting and dyspnea were seen in one patient each. One patient with grade 4 reduction in
LVEF systolic function and one patient with grade 4 hemorrhage were observed.

Efficacy
Only one PR was achieved in the leiomyosarcoma group, and the patient remained on
therapy for 56 weeks. The patient presented with pulmonary metastasis from a previously
resected high-grade lung primary STS and was enrolled on trial after failing to respond to an
adriamycin-based regimen (2 cycles) and to docetaxel-gemcitabine (3 cycles). He was
removed from study primarily due to continued toxicities (fatigue, anorexia) that had already
required a previous protocol dose reduction (50 mg to 37.5 mg). His restaging scan at the
time of removal showed signs of tumor growth that did not meet criteria for progressive
disease. SD (assessed at 6 weeks) was achieved in 82% of liposarcoma patients, 92% of
leiomyosarcoma patients, and 54% of MHF patients. Given these findings, our ORR was
only 2% (Table 3). Four patients were not assessable for response.

Table 3 also shows the PFS and OS estimated with both the K-M and the exponential
method, and the corresponding survival curves are depicted in Figures 1 and 2. In all, six
survival curves were examined; the exponential distribution assumption was not rejected.
The median PFS times (months) for liposarcoma, leiomyosarcoma, and MFH were 3.4, 3.7,
and 4.6, respectively, and did not reach statistical significance (Figure 1). The median OS
times (months) for liposarcoma, leiomyosarcoma, and MFH were 16.9, 9.2, and 15.3,
respectively, and again did not reach statistical significance (Figure 2). The 3- and 6-month
PFS for all subgroups were 57.5% and 25.5%, respectively. The 3-month progression-free
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rates (PFR) in the untreated and pretreated (chemotherapy) patients with liposarcoma,
leiomyosarcoma, and MFH (as defined by the EORTC) were 75% and 69.2%, 60% and
62.5%, and 25% and 44.4%, respectively.

DISCUSSION
In this phase II study, we report toxicities similar to those described in a previous sunitinib
malate study.11 Unfortunately, we failed to show a desirable ORR with sunitinib malate in
three of the most frequent histologic subtypes of STS. Although this could reflect lack of the
drug’s efficacy, this could also be a reflection of the population studied, that is, mostly
heavily pretreated patients (68% of the patients had previously received at least one line of
chemotherapy and 35% had received at least two lines), many with potentially indolent
disease (the majority of patients were enrolled 20-22 months after their initial diagnosis).
Furthermore, recent evidence suggests that ORR may not be the best surrogate endpoint to
assess TKI drug activity in other malignancies, where, despite low ORRs, notable antitumor
benefit has been reported.16

Specifically in regard to STS, van Glabbeke and the EORTC Soft Tissue and Bone Sarcoma
Group have advocated replacing ORR with the “progression-free rate (PFR),” defined as
“the absence of progression at a fixed point,” as a better efficacy endpoint for future phase II
trials, and they have established thresholds for when a drug should be considered active in
STS using the proposed PFR. The recommendation is that, in second-line or pretreated
patients, a 3-month PFR ≥ 40% should suggest activity; conversely, a PFR ≤ 20% should
suggest the opposite.17 Additionally, Verweij and others have suggested several other
changes to be considered in future STS trials, including subdividing the patients by
histology18 when drug activity is being assessed.

This change in approach, however, is not devoid of obstacles, particularly due to the relative
paucity of STS patients in general and more so when patients are divided by histologies,
which in turn could restrict the trial design to only a few of the most frequent histologies or
to a minimum sample size so that the trial can be completed in a reasonable and/or timely
manner. The consequences of the latter, of course, are well recognized, especially when
endpoints like PFS are utilized. Nevertheless, subdividing trials by histologies seems
necessary as drug activity in one type is no guarantee of activity in the others, especially
when specific targeted therapies are studied.

A potential solution to this issue is to select a method to analyze survival that better reflects
the results that would be obtained with desired larger trials. Since exponential distribution
estimations have a smaller expected variance than K-M estimations, fitting PFS and OS data
to an exponential model is valuable, as sample size calculations for time-to-event data may
be reduced. This occurs in part because the K-M medians are obtained at the time of the first
failure where the KM curve drops below 0.5, which could be well below 50% given the
censoring pattern. The exponential estimates, however, are obtained right at the median.
Moreover, they smooth out the step junction nature of the K-M curves. Thus, we believe that
exponential estimates better reflect what would be obtained from larger trials. Additionally,
in our study, the efficiency of the K-M fit to the exponential fit for estimating the median
was 0.48, which means that it would take a sample twice as large with the K-M method
(1/0.48 = 2.1) to obtain an estimate as precise as with the exponential method.

The exponential fit for the MFH subgroup provides a higher estimate of the median PFS
than does the K-M fit (Figure 1). The difference is due to the fact that, although over half of
the patients progressed rather early, two of the patients had long times to progression (> 18
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months). Thus, the K-M median survival estimate fails to capture the overall PFS experience
of all MFH patients compared to the other subgroups, as the exponential fit does.

Based on the EORTC PFR-established parameters for drug activity, our results suggest that
sunitinib malate, despite the negligible ORR observed, may be active against
leiomyosarcomas and liposarcomas and potentially also against MFH, where the median
PFS observed (exponential method) was the highest. However, because progression of
disease was not strictly documented, using RECIST, with two measurements prior to study
enrollment, the application of the EORTC parameters is limited, as the pre-study tumor
growth trajectory is unknown (potential for enrollment of very slow growing tumors).

A possible explanation for the response and relatively higher PFS seen in patients with
leiomyosarcoma is the potential role that VEGF levels play in tumor angiogenesis and thus
pathogenesis (studies have demonstrated higher degrees of VEGF expression in
leiomyosarcoma than in leiomyomas),19 and the importance of VEGF expression in STS has
been highlighted by two studies demonstrating association between immunohistochemically
determined VEGF expression and tumor grade even though no association between VEGF
expression and disease-free survival and OS was found.20, 21 However, another study that
used quantitative enzyme-linked immunosorbent assays found that VEGF levels above the
median were independently associated with poor prognosis with worse OS and metastases-
free survival.22 Some of the consequences of high VEGF levels that lead to poor prognosis
include accelerated cell growth, higher potency to disseminate, and chemoresistance.
Increased rates of PDGF expression (also a target for sunitinib malate) have been found in
leiomyosarcoma, liposarcoma, and MFH, but clear association with grade of tumor and
prognosis has not been determined.23

Recently, two studies examining different multi-targeted TKIs (sorafenib and pazopanib)
and one study that used sunitinib malate for non-GIST STS have been published.24-26 A
comparison of these studies to ours is provided in Table 4. One PR in the leiomyosarcoma
group was noted in our study, as well as in the sorafenib and pazopanib study, but not in the
other sunitinib malate study. One patient with liposarcoma in the other sunitinib malate
study had a durable response, with SD for 28 weeks. No such response was noted in our
study group.

The median PFS results for patients with leiomyosarcoma in the sorafenib, pazopanib, and
our sunitinib malate study were 3.2, 3.0, and 3.7 months. OS for patients with
leiomyosarcoma was 22.4 months in the sorafenib study compared with 11.6 and 9.2
months, respectively, in the pazopanib and in our sunitinib malate study. The median PFS
for patients with adipocyte/liposarcoma in the pazopanib study was 2.6 months, but 3.4
months in our sunitinib malate study. The median PFS for patients with MFH in the
sorafenib study was 2.4 months and 4.6 months in our study. Given the low number of
patients and biases of cross-trial comparisons, definitive efficacy determinations cannot be
stated; however, trends toward improved PFS can be seen with sunitinib malate in the
leiomyosarcoma and liposarcoma groups.

Although this study was negative with failure to achieve goal ORR, patterns of response
have emerged in our study and in others that may make evaluation of TKIs in the phase III
setting possible. For instance, when retrospectively calculating 3-month PFR estimates in
our study, rates above 40% were achieved in both liposarcoma and leiomyosarcoma,
suggesting active drug. With the caveats that a minority of patients with potentially indolent
or low grade disease may have been included and that small numbers are analyzed, a 3-
month PFR >40% suggests activity for sunitinib malate at least in liposarcomas and
leiomyosarcomas. Additionally, activity in leiomyosarcoma was seen in most trials, and the

Mahmood et al. Page 6

Int J Cancer. Author manuscript; available in PMC 2013 September 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



fact that responses and stable disease were found in heavily treated populations is
encouraging. Finally, a “pause” containing dosing schedule for targeted therapies (4 weeks
on and 2 weeks off sunitinib dosing schedule) has been recently questioned, and evidence
now suggests that a continuous dosing schedule has the potential to be more effective.27

Together, these findings demonstrate the need to tailor specific molecularly targeted
treatments to particularly susceptible subtypes of STS, which is a promising development in
a previously similarly treated group of diseases.
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Impact statement

The treatment of advanced soft tissue sarcomas requires major improvements, and novel
targeted therapies can potentially achieve such a goal. Clear parameters, based on
survival, for the selection of “active” agents in soft tissue sarcoma have been previously
proposed. In this study, we evaluate the activity of sunitinib malate in soft tissue
sarcomas and utilize such parameters to conclude on the activity of the drug.
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Figure 1.
Progression-free survival by subgroup. Step functions are the Kaplan-Meier fits. Smooth
curves are the exponential model fits. Censored patients are shown with open circles on
Kaplan-Meier curves. :Lipo, liposarcoma; Leio, leiomyosarcoma; MFH, malignant fibrous
histiocytoma.
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Figure 2.
Overall survival by subgroup. Step functions are the Kaplan-Meier fits. Smooth curves are
the exponential model fits. Censored patients are shown with open circles on Kaplan-Meier
curves.

Mahmood et al. Page 11

Int J Cancer. Author manuscript; available in PMC 2013 September 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Mahmood et al. Page 12

Table 1

Patient characteristics

Liposarcoma Leiomyosarcoma MFH

Number of patients 18 15 14

Sex, n (%)

 Male 4 (22%) 7 (47%) 8 (57%)

 Female 14 (78%) 8 (53%) 6 (43%)

Time from diagnosis to
enrollment, months

 Median 22 20.5 21

 Range 4-120 1-336 9-192

Sites of metastases, n

 Lung 11 9 10

 Liver 6 1 1

 Extremity/bone 6 4 5

 Abdominal 7 8 5

Prior treatments, n (%)

 CTX 1 regimen 5 (28%) 4 (27%) 6 (43%)

 CTX 2 regimens 5 (28%) 4 (27%) 0 (0%)

 CTX 3 regimens 3 (17%) 2 (13%) 3 (21%)

 XRT 7 (39%) 5 (33%) 10 (71%)

MFH, malignant fibrous histiocytoma; CTX, chemotherapy; XRT, radiotherapy.

One enrolled patient with fibrosarcoma was not included.
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Table 2

Hematologic and non-hematologic adverse events related to sunitinib (N=48)

Grade 1/2 Grade 3 Grade 4 All

Number Percentage Number Percentage Number Percentage Number Percentage

Anorexia 8 17 0 0 0 0 8 17

Fatigue/asthenia 24 50 4 8 0 0 28 58

Diarrhea 20 42 0 0 0 0 20 42

Mucositis 17 35 0 0 0 0 17 35

Vomiting 11 23 1 2 0 0 12 25

Dysguesia 18 38 0 0 0 0 18 38

Dyspepsia 17 35 0 0 0 0 17 35

Thrombocytopenia 16 33 3 6 0 0 19 40

Neutropenia 9 19 5 10 0 0 14 29

Hypertension 7 15 0 0 0 0 7 15

Left ventricular systolic
 dysfunction

0 0 0 0 1 2 1 2

Dyspnea 0 0 1 2 0 0 1 2

Hemorrhage/bleeding 0 0 0 0 1 2 1 2

Rash 13 27 0 0 0 0 13 27
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Table 3

Response by RECIST criteria and median progression-free and overall survival results

Response by RECIST

N Partial Response Stable Disease Progressive Disease

N No. % No. % No. %

Liposarcoma 17 0 0 14 82 3 18

Leiomyosarcoma 13 1 8 12 92 0 0

MFH 13 0 0 7 54 6 46

Total 43 1 2 33 77 9 21

Progression-Free and Overall Survival

N Progression-Free Survival, months Overall Survival, months

N
Exponential,
Median (95%

CI)

Kaplan-Meier,
Median (95% CI)

Exponential,
Median (95% CI)

Kaplan-Meier,
Median (95%

CI)

Liposarcoma 18 3.4 (2.2-5.8) 3.9 (2.8-4.4) 16.9 (10.1-33.8) 18.6 (5.2-27.7)

Leiomyosarcoma 15 3.7 (2.4-6.7) 4.2 (2.0-8.3) 9.2 (5.7-17.3) 10.1 (4.1-11.9)

MFH 14 4.6 (2.8-8.6) 2.5 (1.4-5.5) 15.3 (9.0-31.9) 13.6 (3.1-……)

For RECIST results, 1 liposarcoma, 2 leiomyosarcoma, and 1 MFH patient were not assessable for response. In addition, 1 enrolled patient with
fibrosarcoma was not included. For survival results, 1 enrolled patient with fibrosarcoma was not included.
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Table 4

Comparison of phase II studies with tyrosine kinase inhibitors in soft tissue sarcoma

Study/Histology Number ORR,
%

PFS,
months

OS, months

Sorafenib (Maki et al24) 147 4.9 3.2 14.3

 Leiomyosarcoma 37 2.7 3.2 22.4

 Synovial sarcoma 12 12.5 2.5 10.3

 MFH/HGUPS 12 0 2.4 12.2

Pazopanib (Sleijfer et al23) 142 6.3 (not given) (not given)

 Adipocyte sarcoma 19 0 2.6 6.5

 Leiomyosarcoma 42 2.4 3.0 11.6

 Synovial sarcoma 38 13.2 5.3 10.2

Sunitinib (George et al25)

 Multiple 48 2.0 1.8 (not given)

Sunitinib (Mahmood et al, present
study)

47 2.1 3.8 13.6

 Liposarcoma 18 0 3.9 18.6

 Leiomyosarcoma 15 6.7 4.2 9.2

 MFH 14 0 2.5 13.6

ORR, objective response rate.
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