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ABSTRACT

Introduction: Immune checkpoint inhibitors (ICIs) have substantially advanced the treatment of patients with malignant
melanoma. However, improving therapeutic efficacy requires identifying drug combinations that elicit durable responses without
inducing intolerable toxicity. Within that context, selinexor emerges as a possible combination option that has been shown in
preclinical studies to enhance the efficacy of ICI therapy. Methods: In this phase 1b study, we investigated selinexor in combination
with pembrolizumab in 25 patients with advanced non-uveal melanoma. Patients received selinexor at a dosage of 60 mg taken
orally twice weekly, and pembrolizumab intravenously at a dosage of 200 mg every 3 weeks. Results: Despite the high incidence of
adverse events (96%), most treatment-related toxicities were manageable with supportive care and dose reductions. The most
common adverse events of any grade were nausea (n ¼ 20; 80%), decreased white blood cell count (n ¼ 15; 60%), vomiting (n ¼ 14;
56%), anemia (n ¼ 12; 48%), fatigue (n ¼ 12; 48%), and decreased platelet count (n ¼ 12; 48%). The 10 patients with treatment-
naı̈ve evaluable disease had an objective response rate (ORR) of 70% (n ¼ 7, including three patients with complete response), which
was significantly higher than that of the 14 patients with prior anti–programmed cell death protein 1 (anti-PD-1) therapy, whose
ORR was 7% (n ¼ 1; p ¼ 0.002). Stable disease was observed in two patients (20%) with treatment-naı̈ve disease and seven patients
(50%) with prior anti-PD-1 therapy. Conclusion: Selinexor combined with pembrolizumab showed promising antitumor activity in
patients with treatment-naı̈ve metastatic melanoma. The toxicity profile of the combination was consistent with that reported for
individual agents, with no additional safety concerns.
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) have revolution-
ized the treatment of patients with unresectable or meta-
static malignancies. In patients with treatment-naı̈ve
melanoma, single-agent anti–programmed cell death pro-
tein 1 (PD-1) therapy with pembrolizumab or nivolumab
has yielded response rates of approximately 35%.[1,2] The
combination of the anti-CTLA-4 agent ipilimumab with
nivolumab can achieve response rates exceeding 50%, but
more than 50% of patients develop grade 3 or 4 toxicity
requiring permanent discontinuation of the ICI.[2,3]

Ongoing clinical trials are determining whether combina-
tions of ICIs with other agents can either increase the
response rate in patients with ICI-naı̈ve disease or be used
as salvage therapy for patients whose disease progressed
on prior ICI therapy.[4–6]

Selinexor (KPT-330) is an investigational first-in-class
orally available irreversible potent inhibitor of exportin
(XPO1), a nuclear export protein that blocks the export of
tumor suppressor proteins and growth regulatory proteins
from the nucleus to cytosol and restores tumor-suppressive

pathways in vitro.[7,8] This allows cells to undergo selec-
tive elimination via apoptosis and potentially helps
restore sensitivity to other anti-cancer agents, including
chemotherapeutic agents and ICIs.[9] In addition, seli-
nexor has been shown to induce programmed death-
ligand 1 (PD-L1) expression in tumor cell lines and have
beneficial additive effects when given with anti-PD-1 ther-
apy in syngeneic melanoma mouse models.[10] To the best
of our knowledge, the combination of selinexor with ICIs
in patients with advanced melanoma has not previously
been clinically tested.
In this phase 1 trial, we investigated the safety and clini-

cal outcomes of selinexor in combination with other
agents in patients with advanced cancers. Herein, we report
the results for patients with advanced melanoma who
received selinexor in combination with pembrolizumab.

METHODS

StudyDesign
We designed an investigator-initiated, single-center

phase 1b study of selinexor in combination with
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chemotherapy or ICIs in patients with advanced can-
cers (ClinicalTrials.gov Identifier: NCT02419495). The
study was approved by the institutional review board at
The University of Texas MD Anderson Cancer Center
and was conducted in accordance with the Declaration
of Helsinki. All participants signed an informed consent
before starting the study procedures. The study had
multiple arms; patients with malignant melanoma who
received treatment with selinexor plus pembrolizumab
were enrolled in arm L between June 2016 and March
2020. The primary objective was to establish the safety
and tolerability of selinexor in combination with pem-
brolizumab. The secondary objective was to determine
the preliminary efficacy of the combinations.

Eligibility
Arm L included patients with treatment-naı̈ve or ICI-

refractory melanoma who were at least 18 years old, had
Eastern Cooperative Oncology Group (ECOG) performance
status scores of 0 or 1, and had histologically or cytologi-
cally confirmed metastatic melanoma. Patients with his-
tory of any prior grade 3 or 4 immune-related adverse
event, any grade ocular immune-related adverse event
from prior immunotherapy, or prior treatment-related tox-
icity (with the exception of alopecia) that had not resolved
to grade 1 or lower were excluded from this study.

Study Procedures
For arm L, the starting selinexor dose was 60 mg taken

orally with a light meal twice weekly for 3 weeks in 21-day
cycles. Pembrolizumab was administered intravenously at
a fixed dose of 200 mg every 3 weeks.[1,11] Patients were
treated until disease progression or intolerable toxicity.
Objective response was assessed using Response Evalua-

tion Criteria in Solid Tumors version 1.1 (RECIST 1.1).[12]

Safety was monitored continuously throughout treatment
and for 1 month after the final study drug dose. All adverse
events occurring during this time were documented. Toxic-
ity was graded according to National Cancer Institute Com-
mon Terminology Criteria for Adverse Events version
4.03.[13]

Statistical Analysis
Statistical analyses were performed using SAS version

9.4 and R version 4.0.4. Descriptive data for categorical
and continuous variables included frequencies, percent-
ages, medians, and ranges, as appropriate. The objective
response rate (ORR) was defined as the proportion of
patients who had complete response (CR) or partial
response (PR), and the disease-control rate was defined as
the proportion of patients with CR, PR, or at least 6
months of stable disease (SD). The Fisher exact test was
used to compare best response between patients with
treatment-naı̈ve melanoma and those with ICI-refractory
disease. Overall survival (OS) and progression-free survival
(PFS) were calculated using the Kaplan-Meier method. OS
was defined as the time between the treatment start date
and the date of death or last contact. PFS was defined as
the time between the treatment start date and the date of
disease progression or death or the date of last contact in
patients censored for event.

Table 1. Patient characteristics

Characteristic n (%)

Sex
Female 8 (32)
Male 17 (68)

Race
White 23 (92)
Other 2 (8)

Melanoma subtype
Acral lentiginous 3 (12)
Cutaneous 15 (60)
Mucosal 5 (20)
Unknown primary 2 (8)

No. of prior systemic therapies
0 11 (44)
1 2 (8)
2 3 (12)
3 3 (12)
4 1 (4)
5 2 (8)
6 1 (4)
8 1 (4)
10 1 (4)

Prior chemotherapy
No 19 (76)
Yes 6 (24)

Prior targeted therapy
No 21 (84)
Yes 4 (16)

Prior anti-PD1 therapy
No 11 (44)
Yes 14 (56)

Table 2. Treatment-related adverse events occurring in more
than 10% of patients

Adverse Event
Total,
n (%)

Grade
1 or 2,
n (%)

Grade
3 or 4,
n (%)

Nausea 20 (80) 19 (73) 1 (4)
White blood cell count decreased 15 (60) 13 (50) 2 (8)
Vomiting 14 (56) 14 (56) –
Anemia 12 (48) 10 (38) 2 (8)
Fatigue 12 (48) 10 (38) 2 (8)
Platelet count decreased 12 (48) 11 (42) 1 (4)
Hyponatremia 11 (44) 9 (35) 2 (8)
Neutrophil count decreased 10 (40) 8 (32) 2 (8)
Anorexia 9 (36) 8 (32) 1 (4)
Weight loss 8 (32) 8 (32) –
Alanine aminotransferase increased 5 (20) 4 (15) 1 (4)
Blurred vision 5 (20) 5 (20) –
Creatinine increased 5 (20) 5 (20) –
Aspartate aminotransferase increased 4 (16) 4 (16) –
Constipation 4 (16) 4 (16) –
Dysgeusia 4 (16) 4 (16) –
Diarrhea 3 (12) 2 (8) 1 (4)
Lymphocyte count decreased 3 (12) 2 (8) 1 (4)
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RESULTS

Twenty-five patients with metastatic non-uveal mela-
noma were enrolled in arm L of the study and received
selinexor plus pembrolizumab. The patients’ character-
istics are summarized in Table 1. The median age was
65.8 years (range, 39.5–83.0 years). Most patients were
male (n ¼ 17; 68%), and most were White (n ¼ 23;
92%). The most common melanoma subtype was

cutaneous melanoma (n ¼ 15; 60%), and more than
half the patients (n ¼ 13; 52%) had mutations in BRAF
(n ¼ 7), NRAS (n ¼ 4), or KIT (n ¼ 2). At treatment initia-
tion, 11 patients (44%) were treatment-naı̈ve, whereas
14 (56%) had received prior anti-PD1 therapy, which was
the immediate prior therapy in nine (64%) of these
patients. The median number of prior therapies was one
(range, 0–10). At the time of data cutoff, 24 patients
(96%) had discontinued treatment because of disease

Figure 1. (a) Changes in tumor diameters in patients with evaluable disease. (b) Waterfall plot showing best responses in the overall cohort.
CR: complete response; PD: progressive disease; PD-1: programmed cell death protein 1; PR: partial response; SD: stable disease.
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progression (n¼ 13; 54%), toxicity (n¼ 4; 17%), or consent
withdrawal (n¼ 7; 29%).

Safety
Most patients (n ¼ 24; 96%) had at least one treat-

ment-related adverse event of any grade, and more than
half (n ¼ 15; 60%) had a grade 3 treatment-related
adverse event. The most common treatment-related
adverse events of any grade were nausea (n ¼ 20; 80%),
decreased white blood cell count (n ¼ 15; 60%), vomit-
ing (n ¼ 14; 56%), anemia (n ¼ 12; 48%), fatigue (n ¼
12; 48%), and decreased platelet count (n ¼ 12; 48%).
The most common grade 3 or 4 treatment-related
adverse events were decreased white blood cell count
(n ¼ 2; 8%), anemia (n ¼ 2; 8%), fatigue (n ¼ 2; 8%),
hyponatremia (n ¼ 2; 8%), and decreased neutrophil
count (n ¼ 2; 8%) (Table 2). Fourteen patients (56%)
required dose reduction, and four patients (17%) dis-
continued treatment because of toxicity. No dose-limit-
ing toxicity was observed.

Efficacy
At the time of data cutoff, 24 patients were evaluable

for response (Fig. 1). One treatment-naı̈ve patient was
not evaluable because of early consent withdrawal.
Among the 10 patients with no prior anti-PD-1 therapy,
four had PR and three had CR, yielding an ORR of 70%.
Additional two patients (20%) had SD with a disease-
control rate of 90%. The ORR of patients with no prior
anti-PD-1 therapy was significantly higher than that of
patients with prior anti-PD-1 therapy, whose ORR was
7% (n ¼ 1; p ¼ 0.002). Among the patients with prior
anti-PD-1 therapy, seven (50%) had SD and six (43%)

had progressive disease. Among all patients who had a
response, the median time to response was 4.0 months
(range, 2.0–17.3 months) (Fig. 2). The times to best
response for the three patients with CR were 6.2, 8.4,
and 17.3 months, respectively.
At a median follow-up duration of 22.5 months, the

overall cohort had a median OS duration of 17.7
months (95% CI, 10.2–not reached). The 6- and 12-
month OS rates were 80% (95% CI, 66%–97%) and
72% (95% CI, 56%–92%), respectively (Fig. 3). The
median OS in the PD-1 naı̈ve cohort was not reached
compared with 12.4 months in the PD-1 pretreated
cohort (p ¼ 0.026). The median PFS duration was 8.8
months (95% CI, 4.2–17.7), and the 6- and 12-month
PFS rates were 60% (95% CI, 44%–83%) and 44% (95%
CI, 28%–69%), respectively. The median PFS was sig-
nificantly longer in PD-1-naiive compared with PD-1
pretreated patients (not reached vs 8.8 months, p ¼
0.0018).

DISCUSSION

ICIs have led to a paradigm change in the clinical
management of patients with advanced melanoma.[14,15]

The rate of response to pembrolizumab monotherapy is
approximately 35% and to nivolumab plus ipilimumab
combination approximately 55%.[16,17] However, because
nearly half of patients do not derive a clinical benefit
from current regimens, developing combinations of ICIs
with other agents is needed for improving response rates
and survival outcomes. Moreover, such combinations
may overcome secondary resistance to anti-PD-1 thera-
pies, which is not infrequent. Our findings demonstrate

Figure 2. Swimmer plot showing responses in patients with evaluable disease.
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that a combination of elinexor and pembrolizumab has
promising antitumor activity against metastatic mela-
noma, especially in patients with treatment-naı̈ve disease,
with no additional safety concerns to that known of indi-
vidual drugs.
In the present study, a large proportion of patients who

received selinexor in combination with pembrolizumab
(96%) had treatment-related adverse events, including a
substantial number with grade 3 and 4 events (n ¼ 15);
however, most of these events were generally manageable
with supportive care and dose reductions. The most

common non-hematological adverse events were nausea,
vomiting, and fatigue, and the most common hematolog-
ical adverse events included decreased white blood cell
count, anemia, and decreased platelet count, which is
consistent with prior reports.[18,19] More than half of the
patients (54%) had dose reductions to help with tolerance
to treatment.
The treatment-naı̈ve cohort’s ORR of 70% is higher

than those reported in previous trials of pembrolizumab
alone, nivolumab plus ipilimumab, or nivolumab plus
relatlimab,[4,16,17] although this should be interpreted

Figure 3. Kaplan-Meier curves for overall survival (a) and progression-free survival (b) stratified by prior therapy. PD-1: programmed cell death
protein 1.
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with caution given the small number of patients and
trial design of our study. In vitro data suggest that seli-
nexor sensitizes melanoma cell lines to anti-PD-1 and
anti-PD-L1 antibodies.[10] This sensitization, in addition
to the recognized synergistic antitumor activity of seli-
nexor’s inhibition of XPO1, might explain the high
response rate in the present study.[7–9,20–22] Our results
are consistent with those reported for other combina-
tions of ICIs and non-immunotherapy agents tested in
clinical trials, although again heterogeneity in study
designs and sample size may contribute to differences
observed in outcomes. For example, in a study of pem-
brolizumab combined with dabrafenib and/or trameti-
nib, patients receiving the triplet combination had an
ORR of 63%, and those receiving the doublet combina-
tions had an ORR of 72%.[23] Similar response rates were
reported in the IMPemBra trial, which tested pembroli-
zumab with dual MAPK pathway inhibition.[24] Nota-
bly, those trials included only patients who had
targetable molecular alterations, which would restrict
clinical benefit to a molecularly selected population
that is not inclusive of all patients with malignant mela-
noma. Given its mechanism of action, selinexor has
antitumor activity even in patients with tumors that do
not have a specific driver mutated pathway. Previous tri-
als of combinations of nontargeted therapies in such
patients had variable results. In one study, for example,
patients receiving the combination of pembrolizumab
and temozolomide had an ORR of 40%.[25] In another
trial of all-trans retinoic acid plus an ICI, the ORR was
71%,[26] which is similar to that in the present study. As
a phase 1b study, our trial had the primary objective of
evaluating the safety of selinexor-containing combina-
tions; validation of the combination’s efficacy in larger
phase 2 trials is warranted. We also found that patients
with prior anti-PD-1 therapy, whose treatment remains
a therapeutic challenge, had a much lower ORR (7%)
than did patients with treatment-naı̈ve disease. In the
LEAP-004 trial of the combination of lenvatinib with
pembrolizumab, patients who had progressive disease
on prior anti-PD-1 or anti-P-DL1 therapy had an ORR of
21.4%, which is also considerably low although rela-
tively better than that reported with selinexor.[27]

Our study had several limitations. For example, the
small numbers of patients with treatment-naı̈ve or ICI-
refractory disease necessitate a cautious interpretation
of the data. In addition, this study was not randomized,
and because it lacked a comparison group that did not
receive selinexor, we could only compare our results
with previously published data. The high response rate
in treatment-naı̈ve patients could be related to a favor-
able selected population.

CONCLUSION

Our study provides a proof-of-concept of the safety and
efficacy of selinexor in combination with pembrolizumab

for the treatment of patients with metastatic melanoma,
particularly those who have treatment-naı̈ve disease.
Phase 2 trials of selinexor and pembrolizumab are rec-
ommended to validate the preliminary signs of efficacy
observed in this study, especially in patients with treatment-
naı̈ve disease.
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