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1 | INTRODUCTION

Malignant peripheral nerve sheath tumor (MPNST) is a rare malignancy,
namely an aggressive soft tissue sarcoma (STS) that accounts for 2% of
all STSs.> Approximately half of all MPNSTSs occur in patients with neu-
rofibromatosis type 1 (NF1), a common autosomal dominant and
tumor-predisposing syndrome.>® For unresectable disease or meta-
static STS, doxorubicin (DOX) and ifosfamide (IFO) or DOX alone are
generally considered the most effective chemotherapeutic agents.* STS
are diverse groups of tumors that differ in genetic alterations, etiology
and clinical behavior.® Therefore, the general information obtained from
trials in all types of STS patients does not necessarily apply to MPNST.
Moreover, because MPNST is an extremely rare disease, there is little
useful information on second-line drug treatment for it.

Pazopanib is an orally ingestible angiogenesis tyrosine kinase
inhibitor that targets vascular endothelial growth factor receptor
(VEGFR) -1, -2 and -3, platelet derived growth factor receptor
(PDGFR) -« and -p and c-kit.® In patients with relapsed or refractory
advanced STS, Pazopanib was found to provide an almost 3-fold
increase in PFS over placebo, but the observed response rate was low
(6%-9%), with an acceptable toxicity profile.”® Despite the low
response rate, some long-term responders are found among patients
with advanced STS (PFS > 6 months, 36%; OS>18 months, 34%),
including a few remaining progression-free for more than 2 years
(3.5%). Efficacy index and biomarker by histological subtype including
MPNST in pazopanib treatment are required.

Several studies have suggested that pazopanib may be effective
against MPNST. VEGF expression has been reported to be signifi-
cantly higher in MPNST tissues than in those of benign NF.10-12
Holtkamp et al reported the presence of PDGFR-a expression in 21 of
28 MPNST patients (75%) and MPNST cell culture.r® Analyses with
gene expression microarray followed by confirmation with immuno-
histochemistry revealed that PDGFR-a protein expression is

upregulated in MPNST as compared to plexiform neurofibroma.'*

along with treatment-related safety. The study enrolled 12 patients. Median age was
49 years. Seven had Grade 2 and five Grade 3 according to the FNCLCC evaluation.
Median follow-up period was 10.6 months. CBR at 12 weeks was both 50.0%
(RECIST and Choi). The median PFS was 5.4 months for both RECIST and Choi, and
the median OS was 10.6 months. Of special interest, the median PFS was 2.9 months
for patients with FNCLCC Grade 2 and 10.2 months for Grade 3 (both RECIST and
Choi). Grade 4 adverse events of neutropenia and lipase elevation were noted in one
patient each. The results of this pazopanib therapy were generally better than those
of any of the other single molecular targeted therapies reported previously. Although
accumulation of more cases remains necessary, we conclude pazopanib treatment for

MPNST to be a safe and promising treatment after doxorubicin-based chemotherapy.

clinical trial, malignant peripheral nerve sheath tumors, multicenter study, pazopanib

What's new?

Malignant peripheral nerve sheath tumor (MPNST) is a rare,
aggressive soft-tissue sarcoma (STS). Because STSs are very
diverse, little has been learned about how to treat MPNST
from STS studies. Here, the authors report results from a
phase 2 trial of pazopanib, an orally administered angiogene-
sis inhibitor, tested in 12 patients with nonresectable
advanced MPNST. Pazopanib showed a low response rate,
but among responders, provided a 3-fold increase in
progression-free survival. The safety profile was very man-
ageable, and the drug achieved a better response than other

molecular targeted therapies tested previously.

These reports suggest the potential efficacy of pazopanib targeting
VEGFR and PDGFR. However, the efficacy of pazopanib for MPNST
has not been well clarified,*> while that for leiomyosarcoma and syno-
vial sarcoma was evident in the PALETTE study.®

The responsiveness to drug treatment in MPNST may differ
between the NF-based and sporadic types. Since NF1 deletion may
lead to activation of Ras, pazopanib may be surmised to become less
effective in NF1-related MPNST.%® On the other hand, Ras activation
is known to increase the dependence of cells on the VEGF-VEGFR
pathway, and so it is also reasonable to expect that the efficacy of
pazopanib would be enhanced in NF1-related MPNST.17:18

In the phase Il study of STS, the significance of evaluation based
on the clinical benefit rate (CBR) including complete or partial response
(CR or PR) and stable disease (SD), which is synonymous with
progression-free rate, has been described.?” Therefore, clarifying the
CBR to pazopanib at 12 weeks according to RECIST is important for
the purpose of directly assessing the effectiveness of pazopanib, and

was set as the primary endpoint of the present clinical trial as well.
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Overall Survival (OS) is a true endpoint as it is an indicator of actual
improvement in patient outcomes. On the other hand, the primary end-
point in the PALETTE trial was progression-free survival (PFS).8 Keep-
ing these points in mind, the PFS and OS were set as the secondary
endpoints along with safety in our study. In STS, Choi criteria were
reported to be more sensitive to the chemotherapy responsive?®2!
than RECIST criteria,?? and the CBR by modified Choi criteria at

12 weeks was used also as a secondary endpoint in the present study.

2 | MATERIALS AND METHODS
21 | Trial oversight
This phase I, investigator-initiated, multi-institutional trial was

supported by the Japanese Musculoskeletal Oncology Group (JMOG).
JMOG is a multi-institutional joint research organization for bone and
soft tissue tumors in Japan, started in 1981. A total of 82 facilities

TABLE 1 Patient demographics

Value (range) or

Characteristics No. of patients (%)

Sex

Male 6 (50.0%)

Female 6 (50.0%)
ECOG performance status

0 5(41.7%)

1 7 (58.3%)
Age, years

Median (range) 49 (20-76)
Tumor status

Unresectable 5(41.7%)

Metastasis 11 (91.7%)
Size of primary tumor, cm

<5 5(41.7%)

>5 7 (58.3%)
Anatomic sites of primary tumors

Extremity 7 (58.3%)

Trunk 3(25.0%)

Other 2(16.7%)
Depth of primary tumors

Superficial 1(8.3%)

Deep 10 (83.3%)

Unknown 1(8.3%)
Histological grade (FNCLCC)

Grade 2 7 (58.3%)

Grade 3 5(41.7%)

Follow-up, months

Median (range) 10.60 (1.74-22.85)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; FNCLCC,
The French Federation of Cancer Centers Sarcoma Group.

participate in it. Among them, in this trial, 11 major sarcoma treatment
centers were selected as research facilities, because they are evenly
distributed throughout Japan and treat a particularly high number of
sarcoma cases. Novartis Pharmaceuticals Corporation financially

supported JMOG for the operation of this trial.

2.2 | Patient eligibility

Patients confirmed to have MPNST with histological Grade 2 or
3 according to the Federation Nationale des Centers de Lutte contre
le Cancer (FNCLCC) system,?® with locally advanced (unresectable) or
metastatic lesions, which were measurable according to Response
Evaluation Criteria in Solid Tumors (RECIST) v1.1,%? and those with
progressive disease (PD) within 6 months before providing consent
were considered eligible for the study. Experienced pathologists at
each major center confirmed the diagnosis. Patients resistant to prior
treatment including anthracyclines, or those who were determined to
be intolerant of previous chemotherapy or who had not consented to
receive previous chemotherapy could enter this trial. Details of eligi-

bility are summarized in Table S1.

2.3 | Trial design
Since few data are available on the efficacy of pazopanib for MPNST,
our study was designed as a phase I, single-arm, nonrandomized, mul-

ticenter study to determine it. After confirming that the eligibility

TABLE 2 Summary of treatment outcomes

Value (range) or

Category No. of patients (%)

Response to pazopanib at 12 weeks (RECIST), n = 12

PR 1(8.3%)
SD 5(41.7%)
PD 6 (50.0%)
Response rate at 12 weeks (RECIST) 8.3%
Clinical benefit rate at 12 weeks (RECIST) 50.0%
Median PFS (RECIST), months 5.38
Response to pazopanib at 12 weeks (Choi), n = 12
PR 3(25.0%)
SD 3(25.0%)
PD 5(41.7%)
NE 1(8.3%)
Response rate at 12 weeks (Choi) 25.0%
Clinical benefit rate at 12 weeks (Choi) 50.0%
Median PFS (Choi), months 5.37
Median OS, months 10.61

Abbreviations: Choi, modified Choi Criteria; NE, not evaluable; PD, pro-
gressive disease; PR, partial response; RECIST, response evaluation criteria
in solid tumors; SD, stable disease.
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criteria for patient selection were satisfied, the patient was registered
with the secretariat before administration of the study drug.

Oral pazopanib (Votrient, Novartis Pharmaceuticals, Japan)
800 mg once/day was administered until the disease progressed,
death or intolerable side effects occurred, or until the patient wished
to discontinue the study for any other reason.

The primary endpoint of the present clinical trial was set as CBR
to pazopanib at 12 weeks according to RECIST. The PFS and OS were
set as the secondary endpoint along with safety. The CBR by modified
Choi evaluation at 12 weeks was also set as a secondary end-
point.2%2! The severity of adverse events was evaluated according to
CTCAE v4.03. If an adverse event suggesting a causal relationship to
the study drug was observed, the study drug was withdrawn or the
dose was reduced as needed. The dose of the study drug should be
reduced to 600 mg first and then 400 mg. If dose reduction to
400 mg does not resolve the adverse event, further tapering to
200 mg can be considered.

Physical examinations, blood/urine tests and safety evaluation
were performed within 14 days before the start of administration,
1, 3,5,7,9, 12 weeks after the start of pazopanib, after 12 weeks and
every 4 weeks thereafter. Image evaluation was performed at the
base line and W3, W7, W12 and every 8 weeks thereafter. Individual
data were collected by the doctor in charge of each facility. Regarding
MRI evaluation and modified Choi, the participating staff at each
research facility met twice before the start of the clinical trial and

twice after the start of the trial to confirm the evaluation method and
ensure that no discrepancy was present in the evaluation between
the researchers. Those data were sent to the Department of
Advanced Medicine in Nagoya University Hospital as an electronic
data capture and analyzed (by Y. K. and M. A).

24 | NF1 status

NF1 was diagnosed according to the National Institutes of Health diag-
nostic criteria. An individual, who had two or more suggestive findings
as follows, was diagnosed with NF1; (a) six or more café au lait macules
>5 mm in greatest diameter in prepubertal individuals and >15 mm in
greatest diameter in postpubertal individuals, (b) two or more neurofi-
bromas of any type or one plexiform neurofibroma, (c) freckling in the
axillary or inguinal regions, (d) optic glioma, (e) two or more Lisch nod-
ules (iris hamartomas), (f) a distinctive osseous lesion such as sphenoid
dysplasia or tibial pseudarthrosis, (g) a first-degree relative (parent, sib-
ling, or offspring) with NF1 as defined by the above criteria.

2.5 | Statistical analysis

Few studies have reported the rate of response to chemotherapy for
MPNST in a large number of cases. Several studies reported single
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agent chemotherapy to have a response rate of 4.0% to 18% and PFS
of 2.0 to 3.0 months for locally advanced/metastatic STS.22° The
response rate of second-line chemotherapy was 6% to 8%, which is
lower than that of first-line chemotherapy,?” and most of the patients
in this trial would be treated with or after second-line chemotherapy.
Threshold CBR at 12 weeks was set at 15%, expected CBR with
pazopanib at 40%. With a single arm design for pazopanib treatment,
significance level of 10% on both sides, and power of 80%, it is neces-
sary to accumulate at least 22 cases. The target number of cases was
set at 23 in anticipation of possible dropout. PFS and OS were esti-
mated by Kaplan-Meier method, and statistically analyzed by Log rank
test. Statistical analyses were performed using Stata version 15.0
(StataCorp, College Station, TX) and JMP version 12.2 (SAS Institute
Inc, Cary, NC).

3 | RESULTS

Our study enrolled 12 patients with MPNST. Evaluable tumors prog-
ressed in all patients within 3 months before enrollment. Demo-
graphics of enrolled patients including sex, tumor size, anatomic site,
histological grade (FNCLCC) and follow-up duration were shown in
Table 1. The number of prior chemotherapy was 3 lines for 1 patient,
2 lines for 1, 1 line for 8 and O lines for 1. Evaluation at 12 weeks
according to RECIST was PR in 1, SD in 5, PD in 6 (one patient was
not evaluable with image analyses because she was clinically judged
to show exacerbation, and so pazopanib was discontinued before
12 weeks). CBR according to RECIST at 12 weeks (primary endpoint)
and modified Choi evaluation, median PFS (RECIST), PFS (Choi) and
OS were shown in Table 2 and Figure 1. On a waterfall plot, a marked
suppressive effect on target tumor growth was observed. Only 2 cases
showed PD (Figure S1). Detailed patient demographics including prior
treatment were listed in Table 3 and Table S2.

One of the interesting results of the present study was that PFS
and CBR differed according to FNCLCC grade. CBR (RECIST) at
12 weeks was 28.6% in Grade 2 and 80.0% in Grade 3. CBR (Choi) at
12 weeks was 14.3% in Grade 2 and 40.0% in Grade 3 (Table S3). A
waterfall plot indicated that target lesions in Grade 3 cases were well-
controlled, with O cases evaluated as PD at 12 weeks (Figure S1).
Median PFS (RECIST) was 2.9 months for Grade 2 and 10.2 months
for Grade 3 by Kaplan-Meier analysis, with this difference significant
(P = .02). The median PFS (Choi) was 2.9 months for Grade 2 and
10.2 months for Grade 3, showing a significant difference between
them (P = .02). The median OS was 11.1 months for Grade 2 and
10.2 months for Grade 3, with this difference not significant (P = .76)
(Figure 2).

Whether the effect of pazopanib differs between patients with
NF1-related and sporadic MPNST is another intriguing issue. Median
PFS of RECIST and modified Choi were both 6.1 months for
NF1-MPNST and both 4.7 months for sporadic MPNST, indicating the
absence of any significant difference (P = .59 for both RECIST and
modified Choi). CBR at 12 weeks of RECIST and modified Choi were
both 40.0% for NF1-MPNST and both 57.1% for sporadic MPNST. In

contrast, median OS for NF1 and sporadic MPNST were 6.1 months
and 12.5 months, respectively, showing a significant difference
(P = .048) (Table S4, Figure S2). Pazopanib may have been effective
even for NF1-related MPNST for response with RECIST and
modified Choi.

The adverse events of Grade 4 were neutropenia and lipase ele-
vation in one person each. As Grade 3 adverse events, aspartate ami-
notransferase/alanine aminotransferase increase was observed in
2 cases, white blood cell decrease in two, and left ventricular systolic
dysfunction, leading to discontinuation of the therapeutic drug in one
(Table S5). Six patients (50%) received either interruption or dose
reduction because of adverse events. Regarding these six cases, REC-
IST at 12 weeks was PR 1, SD 4 and PD 1, with the dose reduction
not seeming to diminish the efficacy of pazopanib.

The reason for discontinuation of pazopanib leading to cessation
of participation in the pazopanib study was disease progression in
eight cases, and disease progression during discontinuation due to
side effects, heart failure, malaise and patient preference in one case
each. The subsequent anticancer therapy after this trial in individual
patients was as follows. When liver dysfunction occurred, participa-
tion in the clinical trial was discontinued due to patient request (Case
1). Thereafter, however, pazopanib was restarted, with the patient still
showing SD at 18 months after the restart of pazopanib treatment.
Three patients showed PD with administration of eribulin (Case 3, 8
and 12), with one case showing PD with administration of DOX and
then PD with gemcitabine and docetaxel (Case 10). One case showed
PD with eribulin and then PD with trabectedin (Case 11). Except for
the pazopanib restart cases, all cases receiving post-study treatment

after pazopanib cessation showed PD.

4 | DISCUSSION

This trial was conducted to determine whether pazopanib would be
effective as a histology-tailored drug treatment for MPNST. CBR at
12 weeks were 50.0% with both RECIST and Choi, and median PFS
and OS were 5.4 (both RECIST and Choi), and 10.6 months, with
these results generally more favorable than the mostly disappointing
ones of previous studies with molecular targeted drugs used as a sin-
gle agent for MPNST patients.?®3! However, alisertib, a novel oral
selective inhibitor of aurora kinase A, showed good PFS for
advanced/metastatic MPNST?? (Table 4). Combination use of the
mTOR inhibitor everolimus with a recombinant humanized anti-VEGF
monoclonal antibody, bevacizumab, for patients with refractory
MPNST revealed a CBR of 12% (3/25) according to the WHO evalua-
tion, and the combination of everolimus and bevacizumab was consid-
ered inactive.3?> Combination use of genetespib, an injectable potent
small molecule inhibitor of Hsp90, with sirolimus, an oral mTOR inhib-
itor, achieved no response in 13 patients with refractory MPNST.*3
Regarding pazopanib, three retrospective studies showed the out-
comes for MPNST cases, indicating no PR patients although the num-
bers of cases were up to 5.343% Nakamura et al reported that patients

with MPNST had a poorer response to pazopanib than other
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TABLE 4 Reports of molecular targeted therapy for MPNST

Drug Author Number of patients
Imatinib Chugh et al?® 7 (5 evaluable)
Sorafenib Maki et al®® 15 (12 evaluable)
Dasatinib Schuetze et al®* 14

Alisertib Dickson et al*” 10

Pazopanib Yoo et al®® 5

Pazopanib Seto et al®® 7

Pazopanib Nakamura et al®* 7 (5 evaluable)
Pazopanib Present study 12 (11 evaluable)

Efficacy (tumor growth) Efficacy (PFS, OS)

SD: 1, PD: 4 PFS:1.92M

SD: 6, PD: 6 PFS: 1.7M

SD: 2, PD: 12 PFS: 14% (2M), 7% (4M)

PR: 0 PFS: 3M, PFS (2.8M); 60%, OS: 15.9M
PR: 1,SD: 4 PFS: 6.5M, OS: 8.9M

SD: 4, PD: 3 NA

SD: 3, PD: 2 PFS: 1.7M

PR:1, SD; 5, PD; 5 PFS: 5.4M, PFS (2.8M); 50%, OS; 10.6M

Abbreviations: M, month; NA, not available; OS, overall survival (median); PD, progressive disease; PFS, progression free survival (median); PR, partial

response; SD, stable disease; W, week.

histotypes based on the postmarketing surveillance (PMS) data.3* Fur-
thermore, the median PFS in patients with MPNST was 7.4 weeks
(1.7 months), which was much worse than that in the present study
(5.4 months) (Table 4). Their study was retrospective, based on PMS
data. For this reason the diverse treatment policies adopted by the
individual facilities and vague data collection methods used precluded
the drawing of any firm conclusions. The results of the PALETTE
study showed that the PFS of all STSs was 4.6 months, comparable to
the PFS of MPNST (5.4 months) in the present study, and data that
can be acquired online of the PALETTE study indicated that the CBR
for MPNST patients was 50% (PR 1, SD3, among 8 cases: http://
www.pmda.go.jp/files/000153553.pdf), which is identical to the
results of the present study, Together, MPNST could be a good target
for pazopanib among the many histological types of STSs, and there
are unlikely to be major discrepancies in the effects of pazopanib
between Westerners and Japanese. Among the molecular targeted
drugs reported thus far, pazopanib can be recommended for MPNST
from the perspective of PFS and CBR.

Due to the rarity of MPNST, there are few consistent data on
their sensitivity to traditional chemotherapy. DOX and IFO or DOX
alone are generally considered to be the most effective chemothera-
peutic agents in unresectable disease or metastatic STS.* Few Phase Il
or |l trials have been specifically conducted on advanced or meta-
static MPNST. Recently, the results of an international, randomized,
controlled, phase 3 study investigating histotype-tailored neoadjuvant
chemotherapy vs standard chemotherapy for sarcoma subtypes were
reported.®” In MPNST, this comparative study was conducted to com-
pare the efficacy of IFO + etoposide and that of epirubicin + IFO. Dis-
ease free survival was significantly better in the cohort of epirubicin
+ IFO than that of IFO + etoposide. Another study documented that
neoadjuvant use of epirubicin + IFO for MPNST achieved a CBR of
100%,%® suggesting that anthracyclin + IFO can still be regarded as
the standard chemotherapy regimen.

A review of 12 pooled nonrandomized and randomized European
Organization for Research and Treatment of Cancer Soft Tissue and
Bone Sarcoma Group trials, comparing the results of 175 MPNST and
2500 other histological types demonstrated similar outcomes for
MPNST and other STS histotypes (PFS; MPNST: 17.0 weeks, other

STS: 16.1 weeks, P = .830, response rate; MPNST: 21%, other STS:
22%, P = .84).3% On the other hand, Ferrari et al reported that MPNST
had the worst prognosis, with various regimens for 304 STSs including
71 MPNSTs in children.® This highlights the present reality in which
devising effective second line drug treatment after standard chemo-
therapy for MPNST remains an urgent task. Pazopanib may be prom-
ising as a candidate for a second line drug treatment for MPNST.
Cesne et al reported that the median PFS with pazopanib was longer
in patients who had had only 1 prior line vs 2 or more lines of ther-
apy.** To clarify the efficacy of pazopanib use as a first line therapy
for MPNST, further study and data accumulation are required.

In the present study, we adopted not only RECIST but also modi-
fied Choi evaluation to determine the effects of pazopanib. In the
sorafenib study,?° the authors were impressed by a discovery made
subsequent to evaluation of the RECIST response; namely two
patients with MPNST showed regression or cystification of metastatic
disease without a RECIST response. Previous clinical trials in MPNST
have used imaging end points with MRI or CT using WHO,*2
RECIST,?? or Choi° criteria. Although the number of cases was small,
there was no significant difference between the results of RECIST and
those of modified Choi evaluation in the present study of MPNST.
Which evaluation better reflects the prognosis of MPNST will require
future case accumulation.

It would be of interest to clarify whether a difference exists in the
effect of pazopanib between FNCLCC Grade 2 and Grade 3 in
MPNST. Histological grade is commonly associated with life prognosis
in STS, although the importance of grading classification in MPNST
staging is controversial. Some institutions consider all MPNSTSs to be
of high grade reflecting the lack of consensus on histological grade
and may not perform regular grading as FNCLCC does.? However,
several studies have reported that the histological grade of MPNST
makes a difference in life prognosis. In the study of Stucky et al, when
grade was classified into 4 grades (NCI), high grade was a significantly
poor prognostic factor in disease specific survival (DSS) with univari-
ate (P =.017), and also hazard ratio (HR) 3.8 in multivariate analyses.*®
Valentin et al also showed that FNCLCC Grade 3 was a poor prognos-
tic factor in multivariate analysis in DFS.** Kolberg et al analyzed

179 cases from three European centers, and found that there was a


http://www.pmda.go.jp/files/000153553.pdf
http://www.pmda.go.jp/files/000153553.pdf

8 @uicc

NISHIDA ET AL.

significant difference in prognosis between low grade and high grade
MPNST in not only the entire cohort, but also the NF1 cohort or non-
NF1 cohort considered separately.*> Regarding analysis using the
FNCLCC classification, Anghileri et al reported that the prognosis of
patients with Grade 3 was poor with regard to cause-specific mortal-
ity (HR 1.83) compared to 1 and 2, but not significantly so
(P = .091).%¢ In the present study, patients with FNCLCC Grade 3 had
better outcomes in both CBR and PFS according to both RECIST and
Choi criteria compared to those with Grade 2. Given that median OS
was comparable between Grades 2 and 3, pazopanib may be more
effective in Grade 3 MPNST. However, since the small number of
cases may have affected the results obtained, it will be necessary to
increase the number of cases in future studies to see if these results
can be reproduced.

We also need information on whether the efficacy of pazopanib dif-
fers between NF1 related MPNST and sporadic MPNST. Previously
reported studies documented discordant survival rates for sporadic
MPNST and MPNST NF1 patients. NF1 patients had a lower survival

4749 while others noted no dif-

rate than non-NF1 ones in some reports,
ference. 12465951 The meta-analyses*® including data from a total of
48 studies and >1800 patients revealed a significantly higher odds ratio
(OR) for OS and DSS in the non-NF1 group (OR of OS = 1.75, 95% con-
fidence interval [Cl] = 1.28-2.39, and OR of DSS = 1.68, 95%
Cl = 1.18-2.40). However, studies published over the past decade show
improved outcomes, especially in the NF1 group, with the survival rates
for the two patient groups thereby becoming similar. In the report on the
responsiveness to chemotherapy in NF1-related and sporadic MPNST,
phase Il study for AJCC3-4 MPNST patients with DOX + IFO and IFO
+ etoposide demonstrated response rates of 17.9% in NF1-related
MPNST and 44.4% in sporadic cases.>? The response of NF-MPNST was
also reported to be worse than that of sporadic MPNST in pediatric
MPNST.?° In the present study, median PFS of RECIST and Choi were
not significantly different between NF1 related and sporadic -MPNST,
and CBR was also similar between the 2 cohorts, suggesting that
NF1-related MPNST may respond to pazopanib. In contrast, the median
OS for NF1-related MPNST was significantly worse than that for spo-
radic cases. Since NF1-related MPNST may have multiple complicated
genetic alterations, combination therapy with pazopanib and other drugs
may need to be considered to prolong not only PFS, but also OS.

The profile of adverse events of pazopanib in the present study
was not different from that in the PALETTE study® and retrospective
real-world data3* In the PALETTE study, the most common adverse
events were fatigue, diarrhea, nausea, weight loss and hypertension.
Increased concentrations of liver enzymes were observed in 20% to
30% of the patients. A drop in the left ventricular ejection fraction
occurred in 16 patients (6.7%). These results of adverse events are not
significantly different from those of the present study. Results of the
retrospective study based on PMS data showed Grade 3 adverse events
in 31% of the patients. The most common Grade 3 toxicities were
hypertension (6%), pneumothorax (5%), liver disorder (5%), diarrhea
(3%), thrombocytopenia (3%), heart failure (2%), fatigue (1%), pneumonia
(1%) and gastrointestinal perforation (1%).34 In their study, dose reduc-

tions and/or treatment interruptions because of the occurrence of

adverse events were required in 48% of the patients, which is consistent
with the results of the present study in which six patients (50%) needed
either dose reduction or interruption of pazopanib because of adverse
events. These results indicate that pazopanib is tolerable in patients with
MPNST, similar to the experience with other histotypes of STS.

Regarding the relationship between adverse events and effects of
pazopanib, one of the most common toxicities of pazopanib, hyper-
tension, has been previously investigated.>® That study concluded
that pazopanib-induced hypertension did not correlate with outcome
in pazopanib-treated STS patients. Other studies indicated that there
was no association between the occurrence of pazopanib-induced
proteinuria, hypothyroidism and cardiotoxicity and outcome.”* In the
present study, regarding six patients (50%) who required either dis-
continuation or dose reduction due to adverse events, efficacy was
not inferior to that of the noninterruption cohort. Together, toxicity
cannot be used as a predictor of pazopanib activity in patients with
MPNST just like in other advanced STS.

A limitation of the present study is that the number of cases com-
prising the study cohort was lower than expected. The reason for the
slow enrollment may be that pazopanib is not novel, and is already
being used to treat MPNST at nonspecialist centers as well under
standard medical insurance coverage in Japan. In addition, the study
period was predetermined as a condition for receiving support for the
study, and no extension was permitted to continue enrolling patients
beyond August 2018. However, the number of MPNST cases is not
small compared to clinical trials using other molecular targeted agents,
and the results of the present study provide much useful information.

In conclusion, this multicenter, physician-initiated phase Il clinical
trial of pazopanib in patients with malignant peripheral nerve sheath
tumors with unresectable disease or distant metastases revealed that
pazopanib achieved favorable outcomes similar to those of other
STSs. Pazopanib may show particularly good efficacy against tumors

with higher grades of malignancy, and thereby prolong life.
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