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ABSTRACT
◥

Purpose: Alveolar soft part sarcoma (ASPS) is a rare, highly
vascular tumor with few treatment options. We designed a phase II
randomized trial to determine the activity and tolerability of single-
agent cediranib or sunitinib in patients with advanced metastatic
ASPS.

Patients and Methods: Patients 16 years of age and older were
randomized to receive cediranib (30 mg) or sunitinib (37.5 mg)
in 28-day cycles. Patients could cross over to the other treatment
arm at disease progression. The primary endpoint was to mea-
sure the objective response rate (ORR) for each agent. Median
progression-free survival (mPFS) for the two arms was also
determined.

Results: Twenty-nine of 34 enrolled patients were evaluable for
response. One patient on each of the initial two treatment arms had

a partial response (ORR: 6.7% and 7.1% for cediranib and sunitinib,
respectively). Twenty-four patients had a best response of stable
disease (86.7% and 78.6% for cediranib and sunitinib, respectively).
There were no significant differences inmPFS for the two treatment
arms. Clinical benefit (i.e., objective response or stable disease for a
minimum of four or six cycles of therapy) on the first-line tyrosine
kinase inhibitor (TKI) therapy did not predict benefit on the
second-line TKI. Both drugs were well tolerated. As of August
2021, 1 patient (unevaluable for ORR) remains on study.

Conclusions: The study did not meet its endpoints for ORR.
Although both TKIs provided clinical benefit, the outcomes may
have been attenuated in patients who had progressed ≤6 months
before enrollment, potentially accounting for the low response rates.

See related commentary by Wilky and Maleddu, p. 1163

Introduction
Alveolar soft part sarcoma (ASPS) is an extremely rare, highly

vascular tumor accounting for less than 1% of soft-tissue sarcomas,
predominantly affecting adolescents and young adults (1–3). ASPS has
a variable growth pattern, and frequently metastasizes to the lungs,
brain, and bones. The historical 5-year survival rate for patients with
unresectable metastatic disease is 20% (4). Cytotoxic chemotherapy is
ineffective in the treatment of ASPS (5).

ASPS tumors present with a characteristic unbalanced nonreci-
procal chromosomal translocation t(X,17)(p11;q25) resulting in the
creation of ASPSCR1-TFE3 fusion protein, an aberrant transcription
factor associatedwithmesenchymal epithelial transition (MET)-related

signal transduction. Gene expression profiling studies have revealed
upregulation of transcripts associated with proliferation, metastasis,
myogenic differentiation, and angiogenesis, including VEGF (6, 7).

Cediranib is a small-molecule inhibitor of all three VEGFR
(VEGFR-1, -2, and -3) tyrosine kinases. In a phase II trial, single-
agent cediranib produced an objective response rate (ORR) of 35% and
a disease control rate of 84% at 24 weeks in 43 patients withmetastatic,
unresectable ASPS (8). Other clinical results support targeting VEGFR
in this tumor, including a trial of the multikinase inhibitor sunitinib
which demonstrated five partial responses (PR) in 9 patients with
metastatic ASPS in the context of a compassionate use program (9). In
addition, retrospective (10) and prospective (11, 12) studies of suni-
tinib, alone or in combination, indicate that this agent may have
clinical activity in several sarcomas, including soft-tissue sarcomas.
Therefore, we conducted a phase II randomized trial of single-agent
cediranib or sunitinib to determine whether sunitinib or cediranib
could be associated with a modestly high rate of clinical response in
patients with ASPS.

Patients and Methods
Eligibility criteria

Patients 16 years of age or older with pathologically confirmed
metastatic ASPS not curable by surgery were eligible. For patients
previously treated with surgery, radiation, and/or systemic therapy,
evidence of objective disease progression per RECIST 1 (13) on twoCT
scans within the 3-month period immediately preceding enrollment
was required; this criterion was later amended to two scans within the
6-month period immediately preceding enrollment. Prior treatment
with anyVEGFR tyrosine kinase inhibitor (TKI)was not allowed; prior
treatment with bevacizumab was allowed. Prior treatment with sys-
temic therapy, radiotherapy, and surgerymust have been completed at
least 4 weeks prior to enrollment. Patients with previously untreated,
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unresectable, metastatic ASPS who showed clinical evidence of disease
progression (including history and increasing physical symptoms)
were also eligible and were assessed in a separate cohort through an
amendment in 2014.

All patients were required to have measurable disease, defined as at
least one lesion that could be accurately measured in at least one
dimension (longest diameter to be recorded) as ≥20 mm with con-
ventional techniques or as ≥10 mm with spiral CT scan (13). Patients
ages 16–17 years were eligible only if they had a BSA ≥ 1.7 m2 or
weighed ≥60 kg. Patients with history of serious ventricular arrhyth-
mias or prolonged QTc were excluded. An Eastern Cooperative
Oncology Group (ECOG) performance status of ≤2 and adequate
organ and marrow function defined as an absolute neutrophil count
≥1,500/mL, platelets ≥100,000/mL, total bilirubin within normal insti-
tutional limits, aspartate aminotransferase (AST) and/or alanine
aminotransferase (ALT) ≤2.5� institutional upper limit of normal,
creatinine within normal institutional limits or creatine clearance ≥60
mL/minute for patients with creatinine levels above institutional
normal were required.

Trial design
The trial enrolled patients from July 2011 to September 2019.

This was an open-label, multicenter, randomized phase II study of
cediranib or sunitinib in patients withmetastatic ASPS, with crossover
to the other treatment arm at disease progression and after a 2-week
washout period. Two sets of patients were enrolled on each arm: one
set consisted of patients previously treated with either surgery, radi-
ation, and/or systemic therapy, and the other set was treatment-na€�ve
patients (Table 1). The study was conducted using an optimal two-
stage design to rule out an unacceptably low 15% clinical response rate
[PR þ complete response (CR)] in favor of a modestly high response
rate of 40%. Randomization to single-agent cediranib or single-agent
sunitinib was performed using a predetermined, balanced list based on
unique subject identifiers. Depending on treatment allocation, patients
received either cediranib 30 mg orally once a day or sunitinib 37.5 mg
orally once a day in 28-day cycles. Patients were asked to maintain a
diary documenting when drugs were taken and any associated side
effects. Cediranib and sunitinib were supplied by the Division of
Cancer Treatment and Diagnosis, NCI, under collaborative agree-
ments with AstraZeneca and Pfizer, respectively.

Blood for pharmacokinetic analysis was collected from patients
receiving cediranib only into a 4 mL EDTA tube at baseline and
prior to drug administration on cycle 1 day 15 and on day 1 of cycles
2, 3, and 4.

Adverse events were graded according to NCI Common Toxicity
Criteria version 4.0. Doses were reduced for grade ≥3 non-
hematologic toxicities (except electrolyte abnormalities that were
correctable within 48 hours and tumor pain responsive to support-
ive measures) and grade 4 hematologic toxicities (except lympho-
penia and anemia). Toxicities were required to have resolved to
≤grade 2 prior to continuing treatment. Up to 14 days were allowed
for resolution of toxicity; otherwise, patients were taken off treat-
ment. Radiographic evaluation was performed at baseline and every
two cycles to assess tumor response based on the RECIST version
1 (13).

This trial was conducted under an NCI-sponsored Investigational
NewDrugApplicationwith Institutional ReviewBoard (IRB) approval
at each participating site. All patients provided written informed
consent before participation and protocol design and the study was
conducted in accordance with recognized ethical guidelines (U.S.
Common Rule) and approved by the NIH Institutional Review Board
(ClinicalTrials.gov Identifier: NCT01391962).

Statistical considerations
The study design initially required evidence of objective disease

progression on two scans within the 3-month period immediately
preceding enrollment; to increase the number of eligible patients
and improve accrual, in August 2013 the protocol was amended
to allow assessment within 6 months preceding enrollment. For
statistical purposes, the first 13 patients enrolled prior to the
protocol amendment were assessed separately for median progres-
sion-free survival (mPFS).

Patients were randomized between the two arms using unstratified
randomization with variable block sizes to prevent bias in patient
selection. There was no formal comparison of the response rates
obtained on the two arms as this was not the purpose of the study
and the trial lacked sufficient power to detect any reasonable difference
between the arms. No “pick the winner” design was intended; at the
conclusion of the trial, all information obtained on outcomes and
toxicity was to be evaluated.

Table 1. Patient characteristics.

Characteristic No. of patients

Number of patients enrolled/evaluable 34/29
Median age, years (range) 26 (16–68)
Female/male 7/27
Race

White 16
Black 10
Asian 6
Native Hawaiian or other Pacific Islander 2

ECOG performance status
0 11
1 21
2 2

Newly diagnosed/previously treated 20/14
Number with prior chemotherapy alone 3
Number with prior radiotherapy alone 7
Number with chemo and radiation 4
Number with a prior surgery 10

Translational Relevance

Alveolar soft part sarcoma (ASPS) is a rare, highly vascular
tumor with few treatment options. Prior research suggested treat-
ment with a tyrosine kinase inhibitor (TKI) of VEGFRs could
benefit patients with ASPS. We conducted a randomized clinical
trial of potent VEGFR TKIs cediranib and sunitinib in aggressive
ASPS. The drugs were well tolerated, and the overall response rate
was 6.7% and 7.1% for cediranib and sunitinib, respectively. Most
patients had a best response of stable disease (86.7% and 78.6% for
cediranib and sunitinib, respectively). The selection of patients
with aggressive disease that progressed in the 6 months preceding
enrollment may account for the lower objective response rates
compared with previous reports. Our data indicate that prior TKI
therapy does not preclude clinical benefit from subsequent TKI
treatments, suggesting that sequential TKI therapy may benefit
patients with ASPS.

A Randomized Phase II Trial of Sunitinib or Cediranib in ASPS
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For previously treated patients in each of the two treatment arms,
the study was conducted as an optimal two-stage phase II trial (14) to
rule out an unacceptably low 15% clinical response rate (PRþCR; p0¼
0.15) in favor of a modestly high response rate of 40% (p1 ¼ 0.40).
With alpha¼ 0.10 and beta¼ 0.10, the study would initially enroll 10
evaluable patients in each treatment arm. Accrual would continue to
22 patients if 2 or more patients responded, but the arm would close
(including to crossover of patients progressing on the other arm) if ≤1
of the first 10 patients responded. If 6 or more patients had a response
among the 22, the agent would be considered sufficiently interesting
for further study in later trials with similar patients.

The study was initially designed for patients with refractory
or relapsed metastatic ASPS but was later amended to include
patients with newly diagnosed, previously untreated (i.e., no prior
radiation, chemotherapy, or surgery) ASPS. Newly diagnosed
patients with extensive metastatic disease at time of diagnosis were
assessed in a separate cohort. For newly diagnosed, previously
untreated patients in each of the two treatment arms, the study
was conducted as a Minimax two-stage phase II trial (14) to rule out
an unacceptably low 15% clinical response rate (PRþCR; p0¼ 0.15)
in favor of a modestly high response rate of 45% (p1 ¼ 0.45). With
alpha ¼ 0.10 and beta ¼ 0.20, the study would initially enroll 8
evaluable patients in each treatment arm. If 2 or more of these first 8
patients responded, accrual would continue to a total of 11 patients.
If ≤1 of the 8 patients responded, that arm would close and there
would be no crossover of patients who progressed on the other
agent to this arm. If there were 4 or more patients with a response
out of 11, the agent would be considered sufficiently interesting for
further study in later trials with similar patients.

We also performed an exploratory analysis to investigate whether
patients who achieved clinical benefit [defined as ORR or stable
disease (SD) for minimum four cycles, or minimum six cycles of
therapy) from the first line of TKI therapy also experienced clinical
benefit from the second line of therapy. To do so, we reported the
fraction of paired times which agreed on clinical benefit for the two
outcomes (with/without clinical benefit on first and second therapy)
and tested whether the outcomes agreed by a McNemar test,
recognizing the small number of subjects and the test’s limited
power in the current setting.

Data availability
The data generated in this study are available upon request from the

corresponding author.

Results
Demographics

Thirty-four patients were enrolled (Table 1) between July 2011 and
April 2019; 7 patients had received prior chemotherapy, 11 had
received prior radiotherapy, and 10 had prior surgery. Twenty patients
were newly diagnosed, unresectable, and treatment-na€�ve. Twenty-
seven of the patients were male (79%). The study enrolled patients
16 years of age and older (range, 16–68 years); 29 of the enrolled
patients (85.3%) were adolescents and young adults (16–39 years old).
The cohort comprised a diverse group of patients including 47%
White, 29.4% Black, 17.6% Asian, and 5.8% Native Hawaiian or other
Pacific Islander. Patients were enrolled through multiple sites.

Clinical activity
Sixteen patients received cediranib as initial therapy and 18 received

sunitinib; 29 patients were evaluable for response, of whom15 received
cediranib as initial therapy and 14 of whom received sunitinib (Fig. 1).

Cediranib arm
The median number of treatment cycles completed for patients in

the cediranib arm was 9 (range, 2–24; Fig. 2A); 13 of 15 patients
(86.7%) had a best response of SD. One patient, who was treatment-
na€�ve except for surgical resection, had a PR (6.7% response rate) by
cycle 4 and remained on cediranib for 19 cycles before experiencing
disease progression and then crossing over to the sunitinib arm, where
the patient achieved a best response of SD for eight cycles.

A total of 9 evaluable patients crossed over to cediranib from
sunitinib at progression (median number of cycles ¼ 5; range, 1–
57; Fig. 2B) of whom 5 had SD (55.5%). One patient (who achieved
a PR on sunitinib) had a PR (11.1% response rate) on cediranib.
One patient (unevaluable for ORR) who crossed over from the
sunitinib arm remained on study, completing 46 cycles on cedir-
anib, by the cutoff of August 2021; the patient is still on study as of
August 2022.

Figure 1.

CONSORT diagram of the two-arm randomized trial. Patients were randomly assigned to either the cediranib arm or the sunitinib arm. Crossover was allowed at
disease progression.

Nguyen et al.
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The mPFS for all 16 patients who received initial therapy with
cediranib was 7.6 months [95% confidence interval (CI): 3.7–
9.9 months; Fig. 2C]; the PFS probability at 24 weeks was 62.5%
(95% CI: 29.5–76.2).

Seven of the 16 patients (44%) assigned to the cediranib arm
had prior surgery (including the patient who had a PR; Fig. 3A).
The mPFS was 5.6 months (95% CI: 1.3–17.9 months) for
the patients who had prior surgery and 7.9 months (95% CI:
1.4–9.9 months) for those without prior surgery (P ¼ 0.41). Four
of the 16 patients assigned to the cediranib arm had prior
chemotherapy and/or radiotherapy. The mPFS was 6.7 months
(95% CI: 1.4–9.9 months) for the patients receiving prior treat-
ment, and 8.3 months (95% CI: 2.7–16.6 months) for those who
were treatment-na€�ve (P ¼ 0.35). Five patients had received no
prior therapy.

There was no difference in mPFS between the first 6 patients
enrolled to the cediranib arm (with disease progression documented

≤3months before enrollment) and the subsequent 10 patients enrolled
to the same arm (with an extended, 6-month,window for documenting
disease progression prior to enrollment): 7.4 months (95% CI: 1.4–
9.9 months) versus 7.6 months (95% CI: 1.3–16.6 months), respec-
tively (P ¼ 0.35).

Sunitinib arm
The median number of treatment cycles completed for patients

on the sunitinib arm was 6 (range, 2–27; Fig. 2B); 11 of 14
evaluable patients (78.6%) had a best response of SD, and 1 patient
had a PR (7.1% response rate) by cycle 2 and eventually received 18
cycles of therapy. After crossing over to cediranib, this patient had
a PR and remained on study for 57 additional cycles (Fig. 3B
and C).

Nine patients crossed over to sunitinib (median number of cross-
over cycles ¼ 5; range, 1–19; Fig. 2A), of whom 7 (77.8%) had SD
(Fig. 3D).

Figure 2.

Number of cycles of therapy for each of the evaluable 29 patients on the study based on their initial therapy: cediranib (A) or sunitinib (B). Prior therapy is indicated
next to patient ID: s, surgery; c, chemotherapy; r, radiation. Two patients achieved a PR in at least one arm of the study, before/and after crossover. C,Median PFS for
all 34 patients based on initial therapy arm assignment.

A Randomized Phase II Trial of Sunitinib or Cediranib in ASPS
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The mPFS for all 18 patients who received sunitinib initially was
5.5 months (95% CI: 1.8–14.5 months; Fig. 2C); the PFS probability at
24 weeks was 50% (95% CI: 25.9–70.1).

Only 3 patients in the sunitinib arm had been treated previously
with surgery, precluding any statistical comparison. Ten of the 18
patients had received prior chemotherapy and/or radiotherapy in the
sunitinib arm (including the patient who had a PR; Fig. 3C). ThemPFS
was 4.8 months (95% CI: 0.9–7.9 months) for previously treated
patients, and 14.7 months (95% CI: 1.8–21.6 months) for those who
were treatment-na€�ve (P¼ 0.058). Five patients had no prior therapy.

The PFS for the initial 7 patients (with disease progression docu-
mented ≤3 months before enrollment) receiving sunitinib compared
with the subsequent 11 patients (with a 6-month window for doc-
umenting disease progression prior to enrollment) was 1.8 months
(95%CI: 1.8–5.4months) versus 9.2months (95%CI: 3.9–18.5months;
P ¼ 0.035).

Response in patients who progressed 3 and 6 months prior to
treatment

The first 13 patients accrued to this study were required to
demonstrate evidence of objective disease progression within a
3-month window immediately preceding enrollment. Six patients
received cediranib as their initial treatment and 7 received sunitinib.

The mPFS was 7.4 months for the 6 patients on the cediranib arm
(95% CI: 1.4–9.9 months) and 1.8 months (95% CI: 1.8–5.4 months)
for the 7 patients on the sunitinib treatment arm (P ¼ 0.45). To
increase accrual, subsequent patients were considered eligible if they
had disease progression within 6 months preceding enrollment.
mPFS for the 21 patients accrued after the change in eligibility was
7.6 months (95% CI: 1.3–16.6 months) for the 10 patients receiving
cediranib and 9.2 months (95% CI: 3.9–18.9 months) for the
11 patients receiving sunitinib (P ¼ 0.58).

Clinical benefit of first- and second-line TKI therapy
Of 29 evaluable patients, 16 crossed over at the time of progression

and 15 of 16 were evaluable for response following crossover.
When clinical benefit was defined as objective response or SD for a

minimum of four treatment cycles, 12 of 15 (80%) evaluable crossover
patients achieved benefit on first-line therapy and 12 of 15 (80%) had
clinical benefit on second-line therapy. Ten of 15 patients (66.7%)
experienced clinical benefit on both first-line and second-line therapy.
One of 15 patients (6.7%) had no clinical benefit on either TKI
treatment. Two patients (13.3%) had no benefit from the first TKI
therapy but benefited from the second therapy; 2 patients (13.3%)
experienced clinical benefit from the first TKI therapy but did not
benefit from the second-line therapy (McNemar test, P ¼ 1.00)

Figure 3.

Percentage change from baseline in tumor size over time for patients with ASPS receiving cediranib as initial therapy (A), cediranib as second therapy (B),
sunitinib as initial therapy (C), and sunitinib as second therapy (D). PR, partial response. Dotted lines represent the thresholds for PR and progressive disease
according to RECIST 1 guidelines.
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When clinical benefit was defined as objective response or SD for a
minimum of six treatment cycles, 10 of 15 (66.7%) crossover-evaluable
patients achieved clinical benefit on the first-line therapy and 6 of 15
(40%) had clinical benefit on the second-line therapy. Five of the 15
patients (33%) experienced clinical benefit on both first-line and
second-line therapy. Four of 15 (26.7%) had no clinical benefit from
either treatment. One patient (6.7%) had no benefit from the first-line
therapy but benefitted from the second-line therapy; 5 patients (33.3%)
experienced benefit from the first-line therapy but had no benefit from
the second TKI therapy (McNemar test, P ¼ 0.22).

Unevaluable patients
Five patients were not evaluable for response. Treatment was

discontinued for 1 patient receiving sunitinib during cycle 1 due to
toxicity (grade 4ALT increase, not resolvedwithin 14 days); the patient
crossed over to the cediranib arm and completed 12 cycles before
progressing. One patient withdrew after 1 week of cediranib to obtain
radiotherapy for a preexisting bone lesion. One patient died during
cycle 1 from a previously undiagnosed brain lesion causing seizures, an
event attributed to disease. An IRB special exemption was granted for a
patient with Gilbert syndrome whose total bilirubin exceeded the
inclusion criteria limit at screening—this patient had two cycles of
sunitinib before crossing over to the cediranib armbut progressed after
two cycles. Finally, a treatment-na€�ve patient was determined to be
unevaluable after beginning treatment with sunitinib. Although base-
line CT demonstrated a right posterior orbital tumor and measurable
liver lesions, review of an MRI performed at the end of cycle 1
characterized the liver lesions as typical hemangiomas and probable
iron deposits. Despite not meeting the inclusion criteria, he continued
to receive sunitinib for 16 cycles before progressing and crossing over
to the cediranib arm for a further 46 cycles of therapy. This patient
remains on study with SD.

Arm closure
After interim analysis, the cediranib arm of the newly diagnosed

ASPS cohort was closed because of inadequate clinical response, and
no future crossover to the cediranib arm was permitted. The other
arms and/or cohorts did not complete accrual due to lack of response.
Insufficient pharmacokinetic data were obtained to draw meaningful
conclusions (data not shown).

Toxicity
Study drugs were generally well tolerated. The most common grade

≥2 adverse events that were considered related to cediranib were
hypertension, diarrhea, lymphopenia, weight loss and/or anorexia,
and hypothyroidism. The most common grade ≥2 adverse events
reported to be related to sunitinib were hypertension, neutropenia,
lymphopenia, diarrhea, fatigue, proteinuria, and palmar-plantar ery-
throdysesthesia (Table 2). Overall, 43.7% of patients treated with
cediranib and 77.8% patients treated with sunitinib as initial treatment
experienced grade ≥3 adverse events that were considered at least
possibly related to study drug.

Among patients receiving cediranib as initial or crossover therapy,
11 (28.5%) had dose reductions, and 1 (3.5%) discontinued treatment
due to adverse events at least possibly related to study drug. Among
patients receiving sunitinib as initial or crossover treatment 11 (29.6%)
had dose reductions and 5 (18.5%) discontinued treatment due to
adverse events at least possibly related to study drug.

There was one death on study. A patient who received sunitinib had
a grade 4 intracranial hemorrhage attributable to disease; this patient
was taken off treatment during cycle 1 due to disease progression from

previously undiagnosed brain metastases and died during follow-up
while receiving treatment for an intracranial hemorrhage.

Discussion
ASPS is a highly vascular tumor associated with upregulation of

VEGF. The ultrarare status of ASPS makes it difficult for clinicians to
conduct well-powered, prospective trials in this population, but mul-
tiple clinical studies have suggested antitumor activity of VEGF-
targeted therapy in ASPS. Our current study of cediranib or sunitinib
in patients withmetastatic, unresectable ASPS did notmeet its primary
endpoint for ORR but suggests these TKIs have activity in this disease.
The cediranib armwas closed due to inadequate clinical response at its
interim analysis, and the sunitinib arm subsequently did not complete
accrual due to lack of response according to the statistical plan. One
patient in each arm had a confirmed PRwith cediranib (ORR, 6.7%) or
sunitinib (ORR, 7.1%) as initial treatment. The latter patient eventually
crossed over to cediranib treatment and experienced a PR on cediranib
as well; none of the other patients who crossed over from one agent to
the other experienced an objective response.

The trial enrolled an ethnically diverse cohort that consisted
predominantly of adolescents and young adults. A similarly diverse
cohort was accrued during our previously reported ASPS study (ref. 8;
NCT00942877). Our cohort of 34 patients mostly recapitulated the
expected racial demographics as reported previously (15) with 47%
White, 29.4% Black, 17.6% Asian, and 5.8% Native Hawaiian or other
Pacific Islander. Compared with the racial distribution of the U.S.
population (16) African Americans (13.4% of U.S. population vs.
29.4% of this ASPS population), Asians (5.9% vs. 17.6%) and Native
Hawaiian or other Pacific Islanders (0.2% vs. 5.8%) are overrepre-
sented while Whites (76.3% vs. 47%) are underrepresented. This
diversity does not affect the interpretation of activity in this disease
as there currently are no suggestions of ethnicity-based differences in
the natural history of ASPS.

In this study, cediranib yielded a lower ORR and shorter PFS
compared with other prospective cediranib studies in ASPS, including
a single-arm phase II trial we reported previously (8). While the mPFS
was 7.6 months in the cediranib arm of the study described herein, our
previous single-arm phase II trial of patients with metastatic unre-
sectable ASPS had an ORR of 35% and a disease control rate of 84% at
24 weeks in the adult cohort (8). In the pediatric cohort of that NCI
trial, there were no objective responses, but 5 of 7 patients had SD for
≥14months (17). In cediranib in alveolar soft part sarcoma (CASPS), a
double-blind, placebo-controlled, phase II trial in Europe and Aus-
tralia, anORR of 19% andmPFS of 10.1months was observed in the 32
patients with metastatic, unresectable ASPS who were randomized to
cediranib comparedwith anORRof 0% andmPFS of 4.9months in the
16 patients randomized to placebo; this difference in PFS was not
statistically significant (18). The primary endpoint in theCASPS study,
the percentage change in sum of target marker lesion diameters
between baseline and week 24 or progression if sooner, was signifi-
cantly different between the two groups, �8.3% [interquartile range
(IQR),�26.5 to 5.9] for patients treated with cediranib versusþ13.4%
(IQR, 1.1–21.3) for those receiving placebo (one-sided P ¼ 0.0010;
ref. 18). Likewise, in themajority of our patients treatedwith cediranib,
we saw target marker lesion diameter reductions, though they did not
meet the threshold for PR by RECIST 1.

There have been no prospective sunitinib trials specifically for
patients with ASPS. In our review of retrospective studies, sunitinib
demonstrated PRs in 19 of 46 patients (41%) with mPFS ranging from
17 to 41 months (2, 9, 19–22). Our trial constitutes the first published
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prospective study of sunitinib in patients with ASPS and reports an
ORRof 7.1% and amPFS of 5.5months. Treatment-na€�ve patientsmay
derive some benefit from sunitinib therapy (mPFS of 14.7 months for
treatment-na€�ve vs. 4.8 months for prior chemotherapy and/or radio-
therapy; P ¼ 0.058), but the limited numbers of patients in our
treatment group preclude any definitive conclusions.

Our survey of published literature did not identify any reports of an
association between previous TKI or antiangiogenesis therapy and the
ORRor PFS of patients who received subsequent cediranib or sunitinib
therapy. In our study, based on a limited number of patients, we found
some evidence that prior clinical benefit fromTKI therapy is associated
with benefit from subsequent TKI therapy; note that this association is
dependent on how clinical benefit was defined. When clinical benefit
was defined as ORR or SD for a minimum of four cycles of therapy, 10
of 12 patients who achieved benefit on the first therapy, went on to
benefit from the subsequent TKI treatment. If clinical benefit was
defined as ORR or SD for minimum six cycles, 5 of 10 patients who

improved or did not progress on the first therapy benefitted from the
subsequent TKI treatment as well. Therefore, response to prior TKI
therapy may be an indicator that subsequent TKIs should be consid-
ered. More data are required to establish sequencing order and
selection criteria for TKI therapy in ASPS.

Our current study evaluated response according to RECIST 1 based
on target lesion measurement size, which may underestimate the
response rate to TKI inhibitors in sarcomas (23). Using alternative
response criteria, such as decreased tumor density regardless of tumor
size as defined by the Choi criteria (24), may be a consideration for
future studies. Additional limitations of our study are that it was not set
up to evaluate different radiographic methods or powered to carry out
any comparisons.

Metastatic ASPS is typically characterized by indolent growth, with
occasional spontaneous regression and spontaneous stabilization. Our
requirement that patients have progressive disease per RECIST on two
scans within the 3months—later amended to 6months—immediately

Table 2. Adverse events by patient on each study drug.

Cediranib (N ¼ 16) Sunitinib (N ¼ 18)
Adverse event Gr 2 Gr 3 Gr 2 Gr 3 Gr 4

Blood and lymphatic system
Neutropenia 4 (25%) 1 (6.3%) 16 (88.9%) 9 (50%) 1 (5.6%)
Hypertension 13 (81.3%) 8 (50%) 12 (66.7%) 3 (16.7%) 0
Leukopenia 0 0 11 (61.1%) 1 (5.6%) 0
Lymphocytopenia 2 (12.5%) 0 3 (16.7%) 1 (5.6%) 1 (5.6%)
Thrombocytopenia 1 (6.3%) 0 2 (11.1%) 0 0
Anemia 0 0 1 (5.6%) 1 (5.6%) 0

Endocrine
Hypothyroidism 4 (25%) 0 3 (16.7%) 0 0

Gastrointestinal
Mucositis oral 1 (6.3%) 0 4 (22.2%) 0 0
Diarrhea 4 (25%) 3 (18.8%) 3 (16.7%) 1 (5.6%) 0
Dyspepsia 0 0 2 (11.1%) 0 0
Dysgeusia 0 0 1 (5.6%) 0 0
Vomiting 1 (6.3%) 1 (6.3%) 1 (5.6%) 0 0
Abdominal pain 2 (12.5%) 0 0 0 0
Nausea 0 1 (6.3%) 0 0 0
Anal/perianal abscess 0 0 1 (5.6%) 2 (11.1%) 0

Hepatobiliary
AST increased 0 0 1 (5.6%) 1 (5.6%) 0
ALT increased 1 (6.3%) 0 0 1 (5.6%) 1 (5.6%)
Blood bilirubin increased 2 (12.5%) 0 0 0 0

Immune system
Allergic reaction 0 0 2 (11.1%) 0 0

Investigations
Hypophosphatemia 2 (12.5%) 1 (6.3%) 4 (22.2%) 2 (11.1%) 0

Metabolism and nutrition
Weight loss/anorexia 5 (31.3%) 0 0 0 0

Nervous system
Fatigue 0 0 4 (22.2%) 0 0
Intracranial hemorrhage 0 0 0 0 1 (5.6%)

Neoplasm
Tumor pain 2 (12.5%) 0 0 1 (5.6%) 0

Renal and urinary
Proteinuria 2 (12.5%) 0 1 (5.6%) 1 (5.6%) 0

Skin and subcutaneous tissue
Palmar-plantar erythrodysesthesia 3 (18.8%) 0 4 (22.2%) 2 (11.1%) 0
Skin hypopigmentation 0 0 3 (16.7%) 0 0

Note: Grade≥ 2 events occurring in at least 10%of patients (or one ormore patients for≥grade 3 events) thatwere considered possibly, probably, or definitely related
to each study drug over the course of the trial are shown for each patient (N ¼ 34 total patients).
Abbreviation: Gr, grade.
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preceding enrollment, was meant to select for patients with more
aggressive disease. This selection may account for the lower ORR and
shorter PFS in our trial compared with previous reports. CASPS was
the only other study of cediranib treatment of ASPS that required
evidence of progression per RECIST in the 6 months preceding
enrollment, and that study also reported a lower ORR and shorter
PFS when compared with other studies. However, the limited sample
sizes of these ASPS studies, as well as the absence of blinding and a
placebo control in our current study, preclude definitive conclusions
about the differences in clinical outcomes between trials. It is unclear
whether the durable disease control observed in some patients is
indicative of intrinsic indolent disease, particular sensitivity to inhi-
bition of angiogenesis, or another mechanism, such as antitumor
immune response resulting from VEGF promotion of a protumor
microenvironment (25).

Overall, treatment with cediranib or sunitinib showed acceptable
toxicity in our randomized phase II trial. Earlier reports suggested
that VEGFR inhibition has clinical activity in ASPS, and it is
possible that the inferior activity seen in our study is attributable
to patient selection criteria enriching for more aggressive disease.
Some patients have achieved long-lasting control of disease. There-
fore, future investigations should include exploration of biomarkers
that may select for patients more likely to benefit from VEGFR
inhibition. Given the role of VEGF signaling in promoting a
protumor immune microenvironment, future therapies combining
immune checkpoint blockade and VEGFR targeting are worth
exploring for patients suffering from ASPS. Indeed, initial inves-
tigations of sequential or combination TKI and ICI therapy are
demonstrating positive and durable responses (5, 12, 26–29). We
are currently assessing the clinical activity of the immune check-
point inhibitor (ICI) atezolizumab with and without the anti-VEGF
agent bevacizumab in a phase II study of patients with ASPS (ref. 30;
NCT03141684). Importantly, this atezolizumab � bevacizumab
trial has enrolled patients who were previously enrolled on the
currently reported study of cediranib or sunitinib in ASPS and may
provide further insight as to the therapeutic value of sequential TKI
and ICI therapy for patients with ASPS.
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