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ABSTRACT

Background. Sorafenib and dacarbazine have low single-
agent response rates in metastatic sarcomas. As angiogene-
sis inhibitors can enhance the efficacy of chemotherapy,
we investigated the combination of sorafenib and dacarba-
zine in select sarcoma subtypes.
Materials and Methods. Patients with leiomyosarcoma
(LMS), synovial sarcoma (SS), or malignant peripheral nerve
sheath tumors (MPNST) with up to two previous lines of
therapy and adequate hepatic, renal, and marrow function
received 3-week cycles of sorafenib at 400 mg oral twice
daily and dacarbazine 1,000 mg/m2 intravenously (later
reduced to 850 mg/m2). Patients were evaluated for
response every 6 weeks. The primary objective was to
determine the disease control rate (DCR) of sorafenib plus
dacarbazine in the selected sarcoma subtypes.

Results. The study included 37 patients (19 female); median
age was 55 years (range 26–87); and histologies included
LMS (22), SS (11), and MPNST (4). The DCR was 46%
(17/37). Median progression-free survival was 13.4 weeks.
The RECIST response rate was 14% (5/37). The Choi
response rate was 51% (19/37). Median overall survival was
13.2 months. Of the first 25 patients, 15 (60%) required
dacarbazine dose reductions for hematologic toxicity, with
one episode of grade 5 neutropenic fever. After reducing
the starting dose of dacarbazine to 850 mg/m2, only 3 of
the final 12 (25%) patients required dose reduction.
Conclusion. This phase II study met its primary endpoint
with an 18-week DCR of 46%. The clinical activity of dacar-
bazine plus sorafenib in patients with these diagnoses is
modest. The Oncologist 2019;24:857–863

Implications for Practice: Metastatic soft tissue sarcomas are a heterogeneous group of relatively rare malignancies. Most
patients are treated with cytotoxic chemotherapy or targeted therapy in the form of tyrosine kinase inhibitors. Response
rates are relatively low, and there is a need for better therapies. This clinical trial demonstrates that combining a cytotoxic
therapy (dacarbazine) with an antiangiogenic small molecule (sorafenib) is feasible and associated with favorable disease-
control rates; however, it also increases the potential for significant toxicity.

INTRODUCTION
Sarcomas comprise a group of rare malignancies that are
challenging to treat. Incidence of sarcoma is �15,000
annually in the U.S. [1] with a high case fatality rate. Up to
one fourth of patients with sarcomas present with meta-
static disease, and up to one half of patients who present
with locally advanced disease develop metastases despite

surgical resection and radiotherapy [2, 3]. Standard chemo-
therapies (doxorubicin, ifosfamide; gemcitabine and doce-
taxel) have modest activity with single-agent and
combination response rates of 10%–20% [4–8] and 17%–
40%, respectively [9–14]. This study was designed and began
enrollment in 2008, prior to the availability of newer drugs
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such as eribulin, trabectedin, pazopanib, or olaratumab
[15–18]. Tumor angiogenesis has been hypothesized to be
necessary for transformation and progression of most malig-
nancies [19]. Sorafenib is a multitargeted tyrosine kinase
inhibitor approved for renal, thyroid, and hepatocellular car-
cinomas [20, 21] that targets VEGFR1, 2, and 3, CRAF, KIT,
FLT3, and PDGFR [22–24]. Responses have been also been
noted in neuroendocrine tumors [25], angiosarcomas [26],
and gastrointestinal stromal tumors (GISTs) [27, 28]. Stabili-
zation of disease has been observed more often than radio-
logic response in the majority of these tumors [29]. In many
cancers, angiogenesis inhibition by itself has been ineffec-
tive, whereas it has improved efficacy of standard chemo-
therapy when used in some cancers, but not in uterine
leiomyosarcoma [30–33]. This model led us to test the com-
bination of sorafenib and dacarbazine in selected sarcoma
subtypes. Dacarbazine is a standard sarcoma agent generally
reserved as a later line of therapy [8, 34]. Sorafenib and
dacarbazine have been combined in the treatment of mela-
noma with an acceptable safety profile [35].

We previously conducted a trial of sorafenib in multiple
sarcoma subtypes [26]. Only one arm, angiosarcoma, met
the primary endpoint of objective RECIST response rate. Par-
tial responses (PR), minor responses, and prolonged stable
disease (SD) were observed in some patients with leiomyo-
sarcoma (LMS), synovial sarcoma (SS), and malignant periph-
eral nerve sheath tumors (MPNST). Responses in LMS and
SS were also documented in the sorafenib randomized dis-
continuation study [36]. These results led to the selection of
the histologies included in the current study.

Because disease stabilization has been observed with
sorafenib more often than objective response, we chose
disease control rate (DCR; defined as RECIST complete
response [CR], PR, or SD for at least 18 weeks) as the pri-
mary endpoint for the study. Data from the European
Organisation for Research and Treatment of Cancer data-
base define progression-free survival (PFS) rates at 3 and
6 months for “active” agents as 40% PFS at 3 months and
14% PFS at 6 months and defines “inactive” agents as
those associated with fewer than 20% of patients
progression-free at 3 months or fewer than 8% at
6 months, in the second-line setting [37]. As dacarbazine
achieves objective responses in some sarcomas, and
because we were enrolling some patients with no prior
therapy, we chose an intermediate time point of
4.5 months (18 weeks). We conducted a Simon two-stage
trial to distinguish between an 18-week DCR rate of 20%
(inactive) and a rate of 40% (active).

MATERIALS AND METHODS

This was a single-center, open label, phase II study of oral
sorafenib with intravenous dacarbazine in patients
with LMS, SS, and MPNST. The protocol was approved by
the Memorial Sloan Kettering Cancer Center institutional
review board. Each patient provided written informed
consent. RECIST response assessment was made by a
single musculoskeletal radiologist (R.A.L.). All pathology
was reviewed by one of two dedicated sarcoma

pathologists (C.R.A.). The clinicaltrials.gov study identifier
was NCT00837148.

Study Design
Patients were treated with an initial dose of dacarbazine at
1,000 mg/m2 as a 1-hour intravenous infusion every
3 weeks and sorafenib 400 mg orally twice daily. A cycle of
therapy was defined as 21 days of treatment. Sorafenib
dose reductions to 400 mg daily and then 200 mg daily
were permitted for patients experiencing (National Cancer
Institute Common Terminology Criteria for Adverse Events
v3.0) events of symptomatic grade 2 or higher dermato-
logic reaction; grade 2 hypertension despite optimal medi-
cal therapy, or grade 3–4 hypertension; grade 3–4 drug-
related nonhematologic toxicity. Dacarbazine was held if a
patient did not recover to an absolute neutrophil count of
1,500/μL or a platelet count of 75,000/μL by day 21.
Growth factors were only permitted in patients who
required dose reductions or delay or experienced neutro-
penic fever. Patients deemed intolerant of dacarbazine but
still experiencing clinical benefit (PR or SD) were able to
continue sorafenib at the discretion of the treating physi-
cian. Patients continued to receive therapy until unaccept-
able toxicity, tumor progression, or death.

Clinical examinations and laboratory testing were per-
formed at a screening visit and at the start of each 3-week
cycle. Blood pressure was examined weekly for the first
3 weeks and then every 3 weeks thereafter. Physical exami-
nation, Eastern Cooperative Oncology Group (ECOG) per-
formance status, complete blood count, biochemical
profile, and lactate dehydrogenase (LDH) were evaluated
every 3 weeks. Patients on anticoagulation had PT/INR
levels monitored weekly for the first 6 weeks, and then at
the discretion of the treating physician. Tumors were eval-
uated by computed tomography or magnetic resonance
imaging every 6 weeks for the first 24 weeks, and every
9 weeks thereafter.

Sorafenib was provided by Bayer AG. Patients were
treated with commercially sourced dacarbazine.

Patient Eligibility
Patients older than 18 years of age, with histologically con-
firmed LMS, SS, or MPNST, with zero to two prior lines of
chemotherapy were eligible for enrollment. Other eligibility
requirements included measurable disease (RECIST 1.0),
ECOG performance status 0–2, adequate hematologic,
hepatic, and renal function, use of adequate contraception,
resolution of prior treatment-related toxicities, and ability
to understand and willingness to provide informed con-
sent. Exclusion criteria included the following: prior therapy
with dacarbazine, sorafenib, or other antiangiogenic
agents, chemotherapy within 3 weeks or radiotherapy
within 2 weeks, known brain metastasis, pregnancy or
nursing, psychiatric or social situation that would limit
compliance with study requirements, congestive heart fail-
ure, unstable angina or myocardial infarction within the
past 6 months, cardiac ventricular arrhythmias requiring
antiarrhythmic therapy, uncontrolled hypertension, human
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immunodeficiency virus, chronic hepatitis B or C infection,
active clinically serious infection, thrombotic or embolic
events within the past 6 months, deep venous thrombosis
or pulmonary embolism within 2 months, pulmonary hem-
orrhage or other significant bleeding event within 4 weeks
of first dose of study drug, or serious nonhealing wound or
bone fracture.

Statistical Analysis
The primary endpoint was DCR, defined as CR, PR, or SD
by RECIST 1.0 for at least 18 weeks from first date of treat-
ment. This study employed a Simon optimum two-stage
design to distinguish between a 20% DCR rate (not promis-
ing) and a 40% DCR rate (promising). The type I error
(falsely accepting a nonpromising therapy) rate was set at
0.10 and the type II error (falsely rejecting a promising
therapy) rate at 0.10.

Seventeen patients would be accrued to the first stage.
If there were 3 or fewer with disease control among these
17 patients, accrual would stop and the treatment would
be declared ineffective. If at least 4 had disease control,
then 20 additional patients would be accrued. If at least
11 had disease control among the 37 patients, the trial
would be considered to have a positive result and the
treatment would be considered worthy of further testing.

Secondary endpoints included PFS, response rate by
RECIST, response rate by Choi criteria, evaluation of the
toxicity of the combination in sarcoma patients, and overall
survival (OS). Kaplan-Meier curves along with 95% confi-
dence intervals (CI) for PFS and OS were constructed. All
analyses were univariate.

RESULTS

Demographics
Patient characteristics are presented in Table 1. All
37 patients received at least one dose of sorafenib and
were evaluable for toxicity. Three patients did not com-
plete 6 weeks of therapy and were not evaluable for
response by RECIST; however, for the purposes of the pri-
mary DCR at 18 weeks endpoint, these 3 patients were
considered failures. Median age was 55 years (range
26–87), 19 were women (53%), and median ECOG perfor-
mance status was 0. Sixteen (43%) had received no previ-
ous chemotherapy. Eleven (30%) had prior surgery and
sixteen (43%) had prior radiotherapy. Twenty-two patients
had LMS (eight of uterine origin), eleven SS, and four
MPNSTs.

Treatment Efficacy
Thirty-seven patients received 211 cycles of therapy
(median 4, range 1–19). Seventeen patients (46%; lower
bound of the one-sided 90% CI: 0.35; two-sided 95% CI:
0.30–0.63) met the primary endpoint of disease control at
18 weeks. Median PFS was 13.4 weeks (two-sided 95% CI:
6–23.9). PFS did not differ significantly depending on num-
ber of prior therapies (0 vs. 1 vs. 2) or between LMS and

SS, but was shorter for MPNST versus other (4.9
vs. 13.4 weeks, p < .01; Fig. 1). There were five partial
responses by RECIST (four LMS and one SS) for an overall
response rate of 14%. The modified Choi response rate
(10% decrease in unidimensional disease) was 27% (10/37).
The classical Choi response rate (10% decrease in unidi-
mensional disease or 15% decrease in density by Houns-
field units [38]) was 51% (19/37). Responses are shown in
Table 2 and Figure 2. Responses as assessed by the differ-
ent criteria were correlated with disease control rate.
There were 17 patients who achieved 18 weeks of disease
control (successes) and 20 who did not (failures). Of the
five patients with PR by RECIST, all met the disease control
endpoint. Of the 10 patients with PR by modified Choi,
8 met the disease control endpoint. Of the 19 patients with
PR by classical Choi, 12 met the disease control endpoint.
Modified Choi and Choi were more sensitive at predicting
disease control but less specific compared with RECIST
(Table 3).

The 3- and 6-month progression-free rates were 51%
and 25%, respectively. With a median follow-up of
11 months, median OS was 13.2 months (two-sided 95%
CI: 10–17; Fig. 3).

Toxicity is presented in Table 4. Protocol-specified dose
modifications to sorafenib were required for rash and
hand-foot syndrome. The primary reason for dose reduc-
tion of dacarbazine was for hematologic toxicity. Toxicity

Table 1. Patient demographics

Patients (n = 37), n (%)

Age, years

Median (range) 55 (26–87)

Gender

Female 19 (51)

Male 18 (49)

ECOG

0 22 (59)

1 15 (41)

Histology

Leiomyosarcoma 22 (59)

Synovial sarcoma 11 (30)

MPNST 4 (11)

Treatment

Prior chemotherapy

None 16 (43)

One 11 (30)

Two 10 (27)

Surgery 11 (30)

Radiotherapy 16 (43)

Extremity 4 (11)

Pelvic 4 (11)

Nodal 3 (8)

Bone (spine, hip, sacrum) 5 (14)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; MPNST,
malignant peripheral nerve sheath tumors.
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was largely as reported in single-agent studies of sorafenib
and dacarbazine with the exception of a higher frequency
of grade 3 and 4 neutropenia and thrombocytopenia. There
was one event of fatal febrile neutropenia (3%). This
patient had synovial sarcoma and had been treated with
prior chemotherapy and extremity radiotherapy. Of the
first 25 patients, 15 (60%) required dacarbazine dose

reductions (6 reduced one level; 9 by two levels). After the
first 25 patients, the protocol was amended to reduce the
starting dose of dacarbazine from 1,000 mg/m2 to
850 mg/m2. Thereafter, only 3 of the next 12 patients
(25%) required a dose reduction (2 reduced one level; 1 by
two levels). Of 37 patients, 18 (49%) required sorafenib
dose reductions. Three patients (8%) required two dose
reductions of sorafenib.

Serum LDH was measured for all patients before enroll-
ment and at each cycle on therapy. Five (13.5%) patients
had an LDH above the upper limit of normal prior to treat-
ment. LDH increased in all patients who had at least two
LDH measurements (34/37), regardless of response. Mean
increase in LDH was 53%.

DISCUSSION

The hypothesis underlying this trial was that we could
improve the modest outcomes seen with sorafenib by com-
bining it with dacarbazine. Two phase I trials explored the
dosing of sorafenib and dacarbazine. Both trials noted
responses in sarcoma [39]. This trial prospectively

Figure 1. Progression-free survival (n = 37). ---- = 95% confi-
dence intervals.
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Figure 2. Waterfall plot of best response by RECIST.

Figure 3. Overall survival. ---- = 95% confidence intervals.

Table 3. Correlation of response criteria with disease
control rate

Response criteria Patients, n

RECIST

PR 5 (sensitivity 36%)

PR with 18-week DC 5 (specificity 100%)

Modified Choi

PR 10 (sensitivity 57%)

PR with 18-week DC 8 (specificity 90%)

Classical Choi

PR 19 (sensitivity 86%)

PR with 18-week DC 12 (specificity 65%)
34 of 37 patients evaluable.
Abbreviations: DC, disease control; PR, partial response.

Table 2. Responses

Outcome n (%)

Disease control at 18 weeks 17/37 (46)

Complete response 0 (0)

Partial response

RECIST 5/37 (14)

Choi, modified 10/37 (27)

Choi, conventional 19/37 (51)

34 of 37 patients evaluable. The three patients without follow-up
scans were considered treatment failures for the purpose of the
primary endpoint.
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evaluated the disease control rate, RECIST, and Choi
response rates of sorafenib and dacarbazine in patients
with LMS, SS, and MPNST.

We observed 5 patients with disease control out of the
first 17 patients, which met the first stage goal and led to
second-stage enrollment. At the completion of the trial,
17 out of 37 patients had disease control at 18 weeks,
which was considered a positive result. Although the trial
met its primary endpoint, it is a single-arm study and
therefore superiority to single-agent dacarbazine or sorafe-
nib alone is not proven. Historical literature reports PR
rates of 4%–17% for sarcoma patients treated with
dacarbazine.

Although RECIST has been proposed as a simpler,
more reproducible disease assessment method than
World Health Organization (WHO) criteria, in sarcoma
RECIST may underestimate the proportion of patients
with meaningful reduction in their burden of disease.
Recent trials have shown a reduction in response rates
compared with historical literature. For example, older tri-
als in the 1980s and 1990s reported response rates of
20%–30% using WHO criteria for unselected sarcoma
patients treated with doxorubicin. More recent trials
using RECIST show response rates to doxorubicin closer to
10% [6, 40, 41]. Changes in imaging technology and tech-
niques over time may also complicate the interpretation
of historical data.

Choi criteria were first developed in GIST. Response
by Choi correlates to metabolic response as assessed by
18F-FDG-PET [38, 42]. Retrospective analysis has shown
that Choi response in GIST patients correlated better with
overall survival than response according to RECIST. This
concept is untested in other sarcomas [43]. This trial

prospectively evaluated the use of Choi criteria in a non-
GIST sarcoma population. A higher proportion of patients
had Choi responses than had RECIST responses. We
found decrease in tumor density did not correlate well
with duration of tumor control. Several patients had
decrease in density but rapid progression of disease. In
contrast, a 10% decrease in unidimensional disease corre-
lated well with disease control. Eight of ten patients with
a modified Choi response had disease control for at least
18 weeks. All five patients with RECIST PR had disease
control for at least 18 weeks. Additional prospective eval-
uation of radiologic criteria alternatives to RECIST is
warranted.

A randomized trial of pazopanib, another multitar-
geted tyrosine kinase inhibitor, in unselected sarcoma
patients has been reported [44]. This trial randomized sar-
coma patients who had progressed on one to four lines of
prior therapy to treatment with pazopanib or placebo.
PFS for patients treated with pazopanib was significantly
longer at 4.6 months compared with 1.6 months for
patients treated on the placebo arm. This does appear to
be longer than we observed for combination sorafenib
and dacarbazine therapy. The response rate for pazopanib
by itself was 4%, with most responses seen in two of
the histologies we examined—synovial sarcoma and
leiomyosarcoma.

Elevated LDH is classically regarded as a measure of
increased tumor turnover and a poor prognostic marker.
Lactic acid metabolism is generated in tissues undergoing
anaerobic metabolism. It has been posited to be a measure
of tumor hypoxia. There is a paucity of data in sarcoma on
the prognostic utility of LDH. We hypothesized that a
decline in LDH might correlate with response in sarcoma

Table 4. Toxicity

Toxicity Grade 1, n (%) Grade 2, n (%) Grade 3, n (%) Grade 4, n (%) Grade 5, n (%)

Hematologic

Leukopenia 2 (6) 9 (29) 10 (32) 2 (6)

Neutropenia 1 (3) 3 (9) 12 (39) 4 (13)

Febrile neutropenia 1 (3) 1 (3)

Hemoglobin 12 (39) 8 (26) 5 (16)

Platelets 8 (26) 7 (23) 3 (9) 4 (13)

Lymphopenia 15 (48)

Nonhematologic

Rash/Hand-foot 7 (22) 7 (22) 1 (3)

Rash/Acneiform 4 (13)

Fatigue 7 (22) 3 (9)

Hypertension 4 (13) 1 (3) 1 (3)

Nausea 3 (9)

Vomiting 3 (9)

Diarrhea 9 (29) 1 (3)

Constipation 3 (9) 1 (3)

Hyponatremia 12 (39) 3 (9)

Hypophosphatemia 3 (9) 8 (26) 4 (13)

Amylase 4 (13) 3 (9)
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and with normalization of tumor vasculature and resolu-
tion of tumor hypoxia in response to antiangiogenic ther-
apy. We were surprised to observe that LDH actually
increased in all patients who had more than one LDH mea-
surement (34/37) by a mean of 53%. This did not correlate
with progression, response, or stable disease. It may be
that sorafenib increased tumor hypoxia, anaerobic metabo-
lism, and thereby lactic acid production. Although our data
are consistent with a rise in LDH being a pharmacodynamic
marker of sorafenib effect, they fail to show that change in
LDH is predictive of efficacy and the results must be con-
sidered exploratory. Further research in identifying a bio-
marker for efficacy of antiangiogenic therapy is clearly
warranted.

In our study, the hematologic toxicity we observed was
greater than expected. There are a number of possible rea-
sons. Sorafenib does not have significant hematologic tox-
icity by itself, but it could worsen when combined with
chemotherapy. This does not seem to be the case, as multi-
ple trials have examined sorafenib with paclitaxel and car-
boplatin in both lung cancer and melanoma [45, 46]. These
trials did not show significantly worse toxicity on the sora-
fenib arm. An alternate explanation is that there may be a
drug-drug interaction between sorafenib and dacarbazine.
In fact, this was seen in the phase I study, such that sorafe-
nib decreases exposure to dacarbazine, but increases
5-amino-imidazole-4-carboxamide (AIC, a dacarbazine
metabolite) effectively increasing its dose [39]. In our pre-
vious sorafenib trial, a higher proportion of patients (61%)
required sorafenib dose reduction compared with 28% in
the pivotal trial in renal cell carcinoma [47]. In this trial,
our sorafenib dose reduction rate (49%) was lower than in
the earlier study, this being likely because the dose man-
agement scheme in the new trial was more liberal, allow-
ing drug interruptions for toxicity, and these did not
automatically mandate dose reduction, which was required
in the earlier trial.

CONCLUSION

This trial of sorafenib and dacarbazine met its primary end-
point of DCR at 18 weeks. Without randomized data, we
cannot conclude that the combination treatment is supe-
rior to either single agent. The combination of dacarbazine

1,000 mg/m2 with sorafenib was associated with significant
serious hematologic toxicity. However, the dose of dacarba-
zine 850 mg/m2 with sorafenib appeared reasonably well
tolerated. The combination has modest activity in select
sarcoma subtypes.
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