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Clinical Trial Updates
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ABSTRACT

Clinical trials frequently include multiple end points that mature at different times. The initial report,
typically based on the primary end point, may be published when key planned co-primary or
secondary analyses are not yet available. Clinical Trial Updates provide an opportunity to disseminate
additional results from studies, published in JCO or elsewhere, for which the primary end point has
already been reported.
ARST1321 was a phase II study designed to compare the near complete pathologic response rate
after preoperative chemoradiation with/without pazopanib in children and adults with inter-
mediate-/high-risk chemotherapy-sensitive body wall/extremity non-Rhabdomyosarcoma
Soft Tissue Sarcoma (ClinicalTrials.gov identifier: NCT02180867). Enrollment was stopped
early following a predetermined interim analysis that found the rate of near complete pathologic
response to be significantly greater with the addition of pazopanib. As a planned secondary aim
of the study, the outcome data for this cohort were analyzed. Eight-five eligible patients were
randomly assigned to receive (regimen A) or not receive (regimen B) pazopanib in combination
with ifosfamide and doxorubicin 1 preoperative radiotherapy followed by primary resection at
week 13 and then further chemotherapy atweek 25. As of December 31, 2021, at amedian survivor
follow-up of 3.3 years (range, 0.1-5.8 years), the 3-year event-free survival for all patients in the
intent-to-treat analysis was 52.5% (95% CI, 34.8 to 70.2) for regimen A and 50.6% (95% CI, 32
to 69.2) for regimen B (P 5 .8677, log-rank test); the 3-year overall survival was 75.7% (95%CI,
59.7 to 91.7) for regimen A and 65.4% (95% CI, 48.1 to 82.7) for regimen B (P 5 .1919, log-rank
test). Although the rate of near complete pathologic response was significantly greater with the
addition of pazopanib, outcomes were not statistically significantly different between the two
regimens.

INTRODUCTION

Pazopanib is a multitargeted tyrosine kinase inhibitor with
activity in advanced soft tissue sarcoma. ARST1321 was a
phase II study designed to compare the near complete
pathologic response rate (≥90% necrosis) after preoperative
chemoradiation with or without pazopanib in children and
adults with large, unresected, intermediate- or high-grade
body wall/extremity soft tissue sarcoma (ClinicalTrials.gov
identifier: NCT02180867). Enrollment was stopped early
after a predetermined interim analysis that found the rate of
near complete pathologic response to be significantly
greater with the addition of pazopanib.1 We now report the
3-year survival outcomes as part of a planned secondary
analysis of the study, along with updated toxicity data.

METHODS

Study Design

Details of the study design of ARST1321 have been published
previously.1 After a dose-finding phase, patients were ran-
domly assigned 1:1, stratified by age (younger than 18 years v
18 years and older), and localized versus metastatic disease,
and synovial sarcoma versus other histology, to receive
(regimen A) or not receive (regimen B) pazopanib (younger
than 18 years: 350 mg/m2 once daily; 18 years and older:
600mg once daily) in combination with ifosfamide (2.5 g/m2

once daily for 3 days) and doxorubicin (37.5 mg/m2 once
daily for 2 days) 1 45 Gy preoperative radiation therapy
followed by primary resection at week 13 and then further
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chemotherapy at week 25 (cumulative doses: ifosfamide
45 g/m2 and doxorubicin 375 mg/m2). The trial was ap-
proved by the Pediatric Central Institutional Review Board
of the National Cancer Institute and by the institutional
review boards of each participating institution, as required.
Informed consent from the patient or the parent or
guardian and patient assent as appropriate was obtained
before enrollment.

End Points

Event-free survival (EFS) was defined as the time from study
enrollment to first progression/recurrence, a secondary
cancer, or death from any cause. Overall survival (OS) was
defined as time from study enrollment to death from any
cause. Survival was estimated by the Kaplan-Meier
method, and the Peto-Peto method was used to esti-
mate the SE of the Kaplan-Meier estimate. The data
cutoff for this report was December 31, 2021. The OS and
EFS distributions were compared by demographics and
patient history using the log-rank test. All variables
with a P value of <.1 were subsequently included in the
multivariable Cox regression model. The proportional
hazards assumption was assessed for all significant

univariate variables. A P value of <.05 was considered
statistically significant. A subgroup analysis was also
performed with the estimated difference in 3-year OS and
EFS between the two regimen arms and the 95% CI.
Descriptive analyses were planned for EFS and OS as a
secondary aim of the study (estimate survival and SE).
The comparison of EFS and OS by patient characteristics
and clinical history, subgroup, univariate, and multi-
variable analyses are ad hoc analyses and were not in-
cluded within the study protocol as planned analyses.

RESULTS

Baseline Demographics and Patient History

From July 7, 2014, to October 1, 2018, 85 eligible patients
were enrolled and randomly assigned. Figure 1 shows the
CONSORT diagram for this study. Baseline demographics
are presented in Table 1. When comparing the baseline
characteristics of the subset of patients with evaluable
pathologic response with those who did not have evalu-
able pathologic response, no differences were found
between the two groups (Data Supplement, Table S1
[online only]).

Patients enrolled (N = 97)

Randomly assigned (n = 85)

Discontinued intervention at any timepoint 
   (including before surgery;                         n = 21)
    Physician determination                           (n = 9)
    Disease progression                                 (n = 1)
    Patient, parent, or guardian refused        (n = 6)
    Unacceptable toxicity           (n = 5)

Evaluable patients                     (n = 35)
Not evaluable                              (n = 9)
  Discontinued before surgery   (n = 9)

Assigned to pazopanib and                       (n = 44)
   chemoradiotherapy
     Received allocated intervention           (n = 44)
     Did not receive allocated intervention   (n = 0)

Assigned to chemoradiotherapy only                  (n = 41)
   Received allocated intervention                         (n = 39)
   Did not receive allocated intervention 
     (withdrawal of consent for any further data 
     submissions;                                                         n = 2)

Discontinued intervention at any timepoint 
   (including before surgery;                          n = 19)
    Physician determination                            (n = 8)
    Disease progression           (n = 6)
    Patient, parent, or guardian refused         (n = 4)
    Outside eligibility parameters                   (n = 1)

Evaluable patients                    (n = 27)
Not evaluable               (n = 14)
  Discontinued before surgery (n = 11)
  Missing review                          (n = 1)
  No treatment                 (n = 2)

Ineligible                                                               (n = 12)
 Disease type or histology                                     (n = 6)
 Did not meet organ function requirements       (n = 1)
    and had previous therapy
 Had ineligible site of disease                              (n = 1)
 Delayed start of protocol therapy                       (n = 1)
 Insufficient tissue for analysis                             (n = 1)
 Primary site imaging performed outside the     (n = 2)
    required 3 weeks from the enrollment 
    eligibility window

FIG 1. CONSORT diagram.
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EFS and OS

At a median survivor follow-up of 3.3 years (range, 0.1-5.8
years), the 3-year EFS for all patients in the intent-to-treat
analysis was 52.5% (95% CI, 34.8 to 70.2) for regimen A and
50.6% (95% CI, 32 to 69.2) for regimen B. There was no
statistically significant difference in the distribution of EFS
between regimens A and B (P5 .8677, log-rank test; Fig 2A).
The 3-year OSwas 75.7% (95%CI, 59.7 to 91.7) for regimenA
and 65.4% (95%CI, 48.1 to 82.7) for regimen B. There was no
statistically significant difference in the distribution of OS

between regimens A and B (P 5 .1919, log-rank test; Fig 2B).
There were more deaths as a result of disease on regimen B
(Data Supplement, Table S2), and more patients on regimen
B were removed from the protocol/study for physician de-
termination and because of secondary to progressive disease
before the Week 13 timepoint (Data Supplement, Table S3).

Univariate, Multivariate, and Subgroup Analyses

When combining all patients on regimens A and B,
age ≥18 years, male sex, metastatic disease status, and N1

TABLE 1. Patient Demographics and Disease Characteristics

Characteristic Total Regimen Aa (n 5 44) Regimen Bb (n 5 41) P

Age, years

Median (range) 22.1 (5.7-73.5) 22.0 (5.7-71.3) 22.1 (7.3-73.5)

Younger than 18 30 (35.3) 14 (31.8) 16 (39.0) .4872c

18 and older 55 (64.7) 30 (68.2) 25 (61.0)

Sex, No. (%)

Male 42 (49.4) 16 (36.4) 26 (63.4) .0127c

Female 43 (50.6) 28 (63.6) 15 (36.6)

Tumor size, cm, median (IQR) 10.6 (8.5-15.4) 11.2 (8.6-15.1) 10.2 (8.4-15.7)

Primary site, No. (%)

Extremity 73 (85.9) 39 (88.6) 34 (82.9) .6217c

Trunk 11 (12.9) 5 (11.4) 6 (14.6)

Unknown 1 (1.2) 0 (0.0) 1 (2.4)

T stage, No. (%)

T2a 13 (15.3) 6 (13.6) 7 (17.1) .0686d

T2b 62 (72.9) 30 (68.2) 32 (78.0)

Tx 9 (10.6) 8 (18.2) 1 (2.4)

Unknown 1 (1.2) 0 (0.0) 1 (2.4)

N stage, No. (%)

N0 58 (68.2) 28 (63.6) 30 (73.2) .3291c

N1 11 (12.9) 8 (18.2) 3 (7.3)

Nx 15 (17.6) 8 (18.2) 7 (17.1)

Unknown 1 (1.2) 0 (0.0) 1 (2.4)

Metastases, No. (%)

None 63 (74.1) 32 (72.7) 31 (75.6) >.999d

Lung only 13 (15.3) 7 (15.9) 6 (14.6)

Others 9 (10.6) 5 (11.4) 4 (9.8)

Histology, No. (%)

Synovial sarcoma 45 (52.9) 24 (54.5) 21 (51.2) .7669d

Undifferentiated pleomorphic sarcoma 19 (22.4) 9 (20.5) 10 (24.4)

Liposarcoma 6 (7.1) 4 (9.1) 2 (4.9)

Undifferentiated sarcoma NOS 6 (7.1) 3 (6.8) 3 (7.3)

Leiomyosarcoma 4 (4.7) 3 (6.8) 1 (2.4)

Embryonal sarcoma (undifferentiated sarcoma) of the liver 4 (4.7) 1 (2.3) 3 (7.3)

Mesenchymal chondrosarcoma 1 (1.2) 0 (0.0) 1 (2.4)

aRegimen A 5 chemoradiation 1 pazopanib.
bRegimen B 5 chemoradiation.
cChi-square P value.
dFisher’s exact P value.
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status were significantly associated with inferior EFS
on univariate analysis (Data Supplement, Table S4).
Only metastatic status and N1 status were associated
with statistically significant inferior OS. On multivar-
iate analysis, male sex and metastatic disease status
were statistically significant for inferior EFS and male
sex was the only variable significantly associated with
inferior OS (Data Supplement, Table S5). There were no
patient subgroups in which the difference between
regimen A and regimen B was statistically significant
for either EFS or OS (Data Supplement, Tables S6
and S7).

Safety

The incidence of adverse events was greater with the ad-
dition of pazopanib, particularly during the induction and
consolidation phases (Data Supplement, Table S8). The
most common toxicities in both groups were febrile neu-
tropenia and myelotoxicity. Although there was a higher
incidence of myelotoxicity in patients 18 years and older
during the induction phase, the frequency of febrile neu-
tropenia was similar to that of the younger age group (Data
Supplement, Table S9). There was a higher incidence of
wound complications for patients receiving pazopanib.

B

44 36 30 21 15 5 0

41 32 25 19 11 3 0

0 1 2 3 4 5 6

Time Since Enrollment (years)

0.2

0.4

0.6

0.8

1.0

OS
 (%

)

Regimen A

Regimen B

Regimen BRegimen ATreatment arm

Log-rank P = .1919

No. at risk:

A

0

44 27 21 16 10 4 0

41 26 19 14 9 3 0

No. at risk:

1 2 3 4 5 6

Time Since Enrollment (years)

0.2

0.4

0.6

0.8

1.0

EF
S 

(%
)

Regimen A

Regimen B

Regimen BRegimen ATreatment arm

Log-rank P = .8677

FIG 2. Outcome analyses (intent-to-treat population) showing Kaplan-Meier estimate of
(A) 3-year EFS and (B) 3-year OS for regimens A (pazopanib) and B (no pazopanib). EFS,
event-free survival; OS, overall survival.
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DISCUSSION

Although the rate of near complete pathologic response was
significantly greater with the addition of pazopanib to
preoperative chemoradiation at the time of the pre-
determined statistical landmark in children and adults with
intermediate-/high-risk body wall/extremity soft tissue
sarcoma and led to early study closure, acknowledging trial
design and patient sample size limitations, no statistically
significant differences in EFS and OS were observed between
the two regimens. At the time this study was designed, there
was evidence to suggest that pathologic response may be a
reliable predictor of outcome in soft tissue sarcoma for a
similarly treated population of patients.2-4 Subsequent an-
alyses have largely demonstrated supportive findings.5,6

However, in amore recent publication involving children and
young adults with synovial sarcoma treated with nearly
identical neoadjuvant chemoradiotherapy backbone therapy
as in our study, patients with ≥90% tumor necrosis had
statistically marginally worse outcomes when compared
with patientswith <90% tumor necrosis (EFS 37.5% v61.6%,
P 5 .072; OS 47.4% v 68.5, P 5 .0998).7 Another recently
conducted single-institution study of adults with extremity
and trunk soft tissue sarcoma treated with neoadjuvant
therapy similarly found that necrosis predicted worse out-
come and positively correlated with size and grade.8 An
explanation for the discordant findings among these various
studies is unclear. In an attempt to identify subsets of pa-
tients who may benefit from the addition of pazopanib, we
were unable to find any variables that predicted outcome
when comparing the two regimens.

An important limitation of this analysis is that our study was
not designed to detect a difference in outcome between the
two chemoradiotherapy study arms. Although the OS curves
did not reach statistical significance, they are nonoverlap-
ping; thus, it is possible that a difference in outcome was
present, but the study was inadequately powered to detect it.
We were unable to better understand the discrepancy ob-
served between EFS and OS outcomes. It could have simply
been due to the small number of patients in this analysis and
the fact that a larger number would have detected a dif-
ference. Furthermore, the difference might have been due to

factors that we are currently not aware of or unable to
evaluate on the basis of the limitations of our data collection
forms. Other sarcoma studies with outcome as primary end
points have demonstrated statistically significant im-
provements in OS in the absence of similar corresponding
findings in EFS.9,10

In the pivotal phase III randomized trial of pazopanib in
adults with advanced (progressive andmetastatic disease
after at least one anthracycline-containing regimen) soft
tissue sarcoma that led to Food and Drug Administration
approval for single-agent use (PALETTE), an improve-
ment in progression-free survival was demonstrated.11

When comparing our study results with PALETTE,
there is a suggestion that the timing and manner of
pazopanib incorporation may be important. Specifically,
pazopanib may be best reserved for the relapse setting
and/or combined with a different chemotherapy regimen
since its upfront incorporation and concurrent use with
ifosfamide and doxorubicin did not provide similar
benefit.12 There may be a role for TKIs as maintenance
therapy in soft tissue sarcoma, particularly for those at
highest risk for relapse.13 In addition, although adverse
events observed in our trial were mostly expected and
manageable, patients receiving pazopanib did experience
increased toxicities, which need to be considered in
designing future studies and balanced with the overall
goals of therapy.

Ultimately, it is possible that pathologic necrosis may not be
an accurate measure of treatment response. Instead, it may
simply reflect an inherently more aggressive tumor biology.
The identification of predictive and reproducible biomarkers
of response and outcome is needed for soft tissue sarcoma,
particularly at earlier therapy timepoints. Less invasive di-
agnostic techniques such as fluorodeoxyglucose positron
emission tomography and circulating tumor DNA are par-
ticularly appealing and are actively being evaluated in this
setting.14,15 Within the statistical limitations of our analysis,
however, pathologic response cannot be considered a sur-
rogate marker of response and predictor of outcome in
pediatric and adult patients with extremity and trunk soft
tissue sarcoma treatedwith neoadjuvant chemoradiotherapy
and pazopanib.
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