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LESSONS LEARNED

• In abiraterone- and/or enzalutamide-refractory metastatic castration-resistant prostate cancer (mCRPC) patients, seli-
nexor led to prostate-specific antigen and/or radiographic responses in a subset of patients, indicating clinical activity in
this indication.

• Despite twice-a-week dosing and maximal symptomatic management, selinexor was associated with significant anorexia,
nausea, and fatigue in mCRPC patients refractory to second-generation anti-androgen therapies, limiting further clinical
development in this patient population.

• This study highlights the challenge of primary endpoint selection for phase II studies in the post-abiraterone and/or post-
enzalutamide mCRPC space.

ABSTRACT

Background. Selinexor is a first-in-class selective inhibitor of
nuclear export compound that specifically inhibits the nuclear
export protein Exportin-1 (XPO-1), leading to nuclear accumula-
tion of tumor suppressor proteins.
Methods. This phase II study evaluated the efficacy and toler-
ability of selinexor in patients with metastatic castration-resist-
ant prostate cancer (mCRPC) refractory to abiraterone and/or
enzalutamide.
Results. Fourteen patients were enrolled. Selinexor was ini-
tially administered at 65 mg/m2 twice a week (days 1 and 3)
and was subsequently reduced to 60 mg flat dose twice a
week (days 1 and 3), 3 weeks on, 1 week off, to improve toler-
ability. The median treatment duration was 13 weeks. At a
median follow-up of 4 months, two patients (14%) had�50%
prostate-specific antigen (PSA) decline, and seven patients
(50%) had any PSA decline. Of eight patients with measurable
disease at baseline, two (25%) had a partial response and
four (50%) had stable disease as their best radiographic
response. Five patients (36%) experienced serious adverse
events (SAEs; all unrelated to selinexor), and five patients
(36%) experienced treatment-related grade 3–4 AEs. The

most common drug-related adverse events (AEs) of any
severity were anorexia, nausea, weight loss, fatigue, and
thrombocytopenia. Three patients (21%) came off study for
unacceptable tolerability.
Conclusion. Selinexor demonstrated clinical activity and poor
tolerability in mCRPC patients refractory to second-line anti-
androgenic agents.The Oncologist 2018;23:656–e64

DISCUSSION

Exportin 1 (XPO-1) is one of seven mammalian export pro-
teins involved in the transportation of macromolecules from
the nucleus to the cytoplasm, including tumor suppressor
proteins p53, p73, BRCA1, p21, p27, IkB and FOXO transcrip-
tion factors [1–3]. XPO-1 is overexpressed in multiple malig-
nancies, including prostate cancer. Selinexor is a potent and
selective oral XPO-1 inhibitor found to inhibit tumor growth
and incidence of metastasis in preclinical models of prostate
cancer [4–7].

This single-center phase II study enrolled patients with pro-
gressive mCRPC. Eligibility criteria included prior progression on
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abiraterone, enzalutamide, other second-generation investiga-
tional anti-androgen/androgen receptor (AR)-targeted therapies
(e.g., apalutamide), or their combination. Prior chemotherapy
for mCRPC was not allowed. The primary endpoint was radio-
graphic progression-free survival (rPFS).

A total of 14 patients were enrolled between October
2014 and October 2016. The median age was 72 years
(range: 56–79). The median baseline PSA was 73.8 ng/mL
(range: 12.8–686.9; Table 1). The first two patients received
selinexor 65 mg/m2 p.o. twice a week (days 1 and 3), one of
whom came off study for a serious adverse event (grade 4
psychosis, related to dexamethasone prophylaxis for nausea
and anorexia), and the other came off study for unaccept-
able treatment-related adverse events (AEs; grade 3 ano-
rexia, nausea, vomiting, and weight loss). The study
protocol was subsequently revised to reduce the selinexor
dose to 60 mg flat dose twice a week (days 1 and 3), 3
weeks on, 1 week off.

The median treatment duration was 13 weeks (range:
4–48). At a median follow-up of 4 months, two patients
(14%) had �50% PSA decline, and seven patients (50%) had
any PSA decline (Fig. 1A). Only one patient (7%) had �50%
PSA decline after 12 weeks of therapy. The median time to

PSA progression was 12 weeks (range: 7–14). Of eight
patients who had measurable disease at baseline; two
(25%) had partial response and four (50%) had stable dis-
ease as best radiographic response. All fourteen patients
had bone metastasis at baseline; four (29%) had confirmed
radiographic progression on bone scan, with a median time
to progression of 31 weeks (range: 7–47).

Five patients (36%) experienced SAEs (psychosis, diplopia,
orthostatic hypotension, congestive heart failure, and angina),
all of which were deemed unrelated to selinexor. Five patients
(36%) experienced treatment-related grade 3–4 AEs (anemia,
n5 3; nausea, n5 2; vomiting, n5 2; anorexia, fatigue,

thrombocytopenia, neutropenia, hypophosphatemia, n5 1

each). The most common drug-related AEs of any severity

were anorexia (86%), nausea (64%), weight loss (50%), fatigue

(50%), and thrombocytopenia (50%). Three patients (21%)

came off study for poor tolerability (Fig. 1B).
Although oral selinexor showed clinical activity, the study

was terminated early due to the significant AE profile observed
in the study population. The primary endpoint of rPFS is not
reported because limited sample size and high rate of censoring
precluded accurate estimation.

TRIAL INFORMATION

Disease Prostate cancer

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy No designated number of regimens

Type of study - 1 Phase II

Type of study - 2 Single arm

Primary Endpoint Progression-free survival

Secondary Endpoint PSA decline (at least 50%) at 12 weeks

Secondary Endpoint Time to PSA progression (PCWG2 criteria)

Secondary Endpoint Time to confirmed radiographic progression on
bone scan (PCWG2 criteria)

Secondary Endpoint Safety

Secondary Endpoint Pharmacodynamics

Secondary Endpoint Pharmacokinetics
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Figure 1. Selinexor treatment results. (A): Waterfall plot of maximal PSA decline during selinexor treatment. Dotted line indicates the
threshold for definition of PSA response (�50% PSA decline from baseline). (B): Swimmer plot of individual patient experience on seli-
nexor. Time to PSA progression determined by PCWG2. Time to radiographic progression determined by RECIST v1.1 for soft tissue lesions
and PCWG2 for bone lesions.

Abbreviations: NLCB, no longer clinically benefiting; PCWG2, Prostate Cancer Working Group 2; PSA, prostate-specific antigen; SAE, seri-
ous adverse event.
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Additional Details of Endpoints or Study Design
The primary endpoint of rPFS was not reported because the study was terminated early, with a limited sample size and high rate
of censoring (N5 6, 43%) that precludes accurate estimation. Pharmacokinetics and pharmacodynamics studies were not
performed because the study was terminated early.

Investigator’s Analysis Clinical activity and significant toxicity profile

DRUG INFORMATION FOR PHASE II SELINEXOR
Drug 1

Generic/Working Name Selinexor

Company Name Karyopharm Therapeutics

Drug Type Small molecule

Dose 60 mg/m2

Route p.o.

Schedule of Administration
First two patients: 65 mg/m2 twice a week (days 1 and 3). Remaining patients: 60 mg flat dose twice a week (days 1 and 3), 3
weeks on, 1 week off.

PATIENT CHARACTERISTICS FOR PHASE II SELINEXOR
Number of Patients, Male 14

Number of Patients, Female 0

Stage Metastatic, castration resistant

Age Median (range): 72 years (56–79 years)

Number of Prior Systemic Therapies Median (range): 2 (1–4)

Performance Status: ECOG 0 — 9

1 — 5

2 — 0

3 — 0

Unknown — 0

Other Cancer types or histologic subtypes: Prostate

PRIMARYASSESSMENT METHOD FOR PHASE II SELINEXOR
Title PCWG2 for bone lesions

Number of Patients Screened 19

Number of Patients Enrolled 14

Number of Patients Evaluable for Toxicity 14

Number of Patients Evaluated for Efficacy* 10

Evaluation Method PCWG2 for bone lesions

Response Assessment CR n5 0 (0%)

Response Assessment SD n5 9 (64%)

Response Assessment PD n5 1 (7%)

Title Total patient population: RECIST v1.1 for soft tissue lesions

Number of Patients Evaluated for Efficacy** 6

Evaluation Method RECIST 1.1

Response Assessment CR n5 0 (0%)

Response Assessment PR n5 2 (25%)

Response Assessment SD n5 4 (50%)

Response Assessment PD n5 0 (0%)

*4 patients were not evaluable for efficacy because of not having post-treatment radiographic evaluation (n5 3) or have had an unconfirmed PD
(n5 1).

**2 patients were not evaluable for efficacy because of unconfirmed PD.
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ADVERSE EVENTS

SERIOUS ADVERSE EVENTS

All Cycles

Name *NC/NA 1 2 3 4 5 All Grades

Anorexia 14% 50% 29% 7% 0% 0% 86%

Nausea 36% 43% 7% 14% 0% 0% 64%

Weight loss 50% 29% 14% 7% 0% 0% 50%

Fatigue 50% 7% 43% 0% 0% 0% 50%

Platelet count decreased 51% 21% 21% 0% 7% 0% 49%

Vomiting 65% 14% 7% 14% 0% 0% 35%

Anemia 65% 0% 14% 21% 0% 0% 35%

Diarrhea 79% 14% 7% 0% 0% 0% 21%

Dysgeusia 79% 21% 0% 0% 0% 0% 21%

Blurred vision 79% 14% 7% 0% 0% 0% 21%

Nervous system disorders—presyncope 86% 7% 7% 0% 0% 0% 14%

Dizziness 86% 7% 7% 0% 0% 0% 14%

Neutrophil count decreased 93% 0% 0% 7% 0% 0% 7%

Hypophosphatemia 93% 0% 0% 7% 0% 0% 7%

Bruising 93% 0% 7% 0% 0% 0% 7%

Insomnia 93% 0% 7% 0% 0% 0% 7%

Hyponatremia 93% 7% 0% 0% 0% 0% 7%

Hypotension 93% 7% 0% 0% 0% 0% 7%

Cough 93% 7% 0% 0% 0% 0% 7%

Peripheral sensory neuropathy 93% 7% 0% 0% 0% 0% 7%

Flatulence 93% 7% 0% 0% 0% 0% 7%

Gastrointestinal disorders—early satiety 93% 7% 0% 0% 0% 0% 7%

Rash maculo-papular 93% 7% 0% 0% 0% 0% 7%

Skin and subcutaneous tissue disorders—lip lesion 93% 7% 0% 0% 0% 0% 7%

Watering eyes 93% 7% 0% 0% 0% 0% 7%

Gait disturbance 93% 7% 0% 0% 0% 0% 7%

General disorders and administration
site conditions—craving sweets

93% 7% 0% 0% 0% 0% 7%

General disorders and administration
site conditions—hypersalivation

93% 7% 0% 0% 0% 0% 7%

Night blindness 93% 7% 0% 0% 0% 0% 7%

Alopecia 93% 7% 0% 0% 0% 0% 7%

Dyspnea 93% 7% 0% 0% 0% 0% 7%

All adverse events are at least possibly related to study therapy, graded according to National Cancer Institute Common Terminology Criteria for
Adverse Events v4.0.
Abbreviation: NC/NA, no change from baseline/no adverse event.

Name Grade Attribution

Psychosis Grade 4 Unrelated

Diplopia Grade 2 Unrelated

Orthostatic hypotension Grade 3 Unrelated

Congestive heart failure Grade 3 Unrelated

Angina Grade 3 Unrelated

Psychosis was attributed to prophylactic dexamethasone, and diplopia was attributed to disease progression.
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ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study terminated before completion

Terminated Reason Toxicity

Pharmacokinetics/Pharmacodynamics Not collected

Investigator’s Assessment Clinical activity and significant toxicity profile

In this phase II trial, selinexor was found to have clinical
activity with significant nausea, anorexia, fatigue, and weight
loss in abiraterone- and/or enzalutamide-refractory metastatic
castration-resistant prostate cancer (mCRPC) patients. Of the 14
patients treated, 3 patients withdrew from study for treatment-
unrelated SAEs, and 3 patients withdrew from study for
treatment-related AEs, translating to a withdrawal rate due to
selinexor of 21%. Although tolerability was improved by protocol
dose reduction of selinexor from 65 mg/m2 twice a week to
60 mg flat dose twice a week, 3 weeks on, 1 week off, 2 of the
12 patients receiving the latter dose (17%) withdrew from study
for unacceptable adverse events.

The study protocol originally planned to accrue up to a total
of 54 patients and specified early stopping if after the initial
accrual of 18 patients, 10 or fewer patients (�56%) were classi-
fied as progression free at 16 weeks, or if more than 6 patients
(>33%) experience unacceptable toxicity. The study was termi-
nated early based on the assessment of tolerability and efficacy
data in the first 14 patients accrued. All patients received maximal
symptomatic management, including nausea prophylaxis with
ondansetron and olanzapine and, if needed, dexamethasone,
transfusions for cytopenias, dose reductions, and drug holidays.

The primary endpoint selected for this study was radiographic
progression-free survival (rPFS), one of the coprimary endpoints
in the COU-AA-302 study [8]. Of note, all seven patients with
reductions in prostate-specific antigen (PSA) had mCRPC refrac-
tory to both abiraterone and enzalutamide.Two patients (of eight)
with measurable disease at baseline had partial responses by
RECISTcriteria. Two patients (14%) remained on study for close to
48 weeks and eventually came off study for radiographic progres-
sion. It is worthwhile to note that both patients experienced a
long interval of PSA progression (9–10 months) before confirmed
radiographic progression on bone scan by PCWG2 criteria (Fig.
1B). One patient had an increase in PSA from 41 ng/mL at base-
line to 342 ng/mL at the time of study discontinuation, without
any PSA decline. The other patient had a maximal PSA decline of
232%. These observations raise the question of optimal primary
endpoint selection for phase II studies in post-abiraterone and/or
post-enzalutamide patients. Perhaps a PSA-based endpoint could
improve efficacy and safety signal detection in novel drug devel-
opment in this disease space; however, the best approach remains
to be elucidated.

Abiraterone acetate and enzalutamide are important treat-
ment options for men with mCRPC. However, approximately 30%
of chemotherapy-na€ıve and 60% of postchemotherapy patients do
not achieve PSA decline (i.e., primary resistance), and essentially all
patients who initially benefit from treatment eventually develop
progressive disease (i.e., acquired resistance) [8–11]. Furthermore,
the emergence of resistant disease is often accompanied by an
aggressive clinical course and poor prognosis, with a median

overall survival of 12–18 months.The development of novel thera-
peutics for mCRPC patients after progression on abiraterone and
enzalutamide should continue to be a research priority.

It is recognized that there is a significant degree of cross-
resistance between abiraterone and enzalutamide, and mecha-
nisms of resistance include constitutively active androgen recep-
tor (AR) splice variants that effectively bypass the AR signaling
pathway [12–14]. Whether targeting nuclear export with XPO-1
counteracts this and other mechanisms of resistance would be
interesting to explore but is beyond the scope of this study. How-
ever, the current data do demonstrate clinical activity of XPO-1
inhibition in patients with mCRPC resistant to second-generation
anti-androgen therapies, supporting further research in this area.

XPO-1 inhibition with selinexor is being actively investigated in
multiple solid and hematologic malignancies and has demon-
strated promising clinical activity in advanced refractory hemato-
logic malignancies in early phase trials, with response rates
ranging from 30% to 50% [15–17]. Although it is possible that dif-
ferences in tissue distribution, tumor penetration, and biology
across and within tumor types (i.e., differential dependence on
XPO-mediated nuclear export for survival) contribute to variations
in clinical activity, pharmacodynamic studies evaluating XPO-1
expression and clinical response were not performed in this study
given early trial termination. It is possible that baseline fatigue
and other comorbidities, bony metastases (present in all patients
in this study), prior therapies, and/or other medical conditions in
mCRPC patients contributed to the reduced tolerability in this
population relative to other patients with solid tumors.

The adverse event profile observed in this study hinders
further clinical development of twice-weekly selinexor in
patients with progressive mCRPC. In contrast to this study, seli-
nexor was found to be tolerable in patients with advanced
refractory bone or soft tissue sarcoma when administered at
different twice-weekly doses (30 mg/m2, 50 mg/m2, or 60 mg
flat dose) on a continuous schedule (no break) [18]. The sar-
coma patients treated were younger, with a median age of 55
years (range: 18–86), and likely had fewer comorbidities and
better bone marrow reserve, which could have contributed to
the differences in tolerability observed in the studies. Indeed,
the overall frequency of weight loss and anorexia was higher in
the current mCRPC study. Selinexor at doses of 50 mg/m2 twice
weekly, 35 mg/m2 twice weekly, and 50 mg/m2 weekly without
break were also found to be relatively well tolerated in patients
with advanced treatment-refractory gynecological cancers [19].

Second-generation selective inhibitor of nuclear export
(SINE) compounds (e.g., KPT-8602) are currently being devel-
oped, which have reduced brain penetration and thereby
reduced central nervous system-mediated side effects, includ-
ing anorexia, fatigue, and weight loss [20, 21]. The improved
adverse event profile of KPT-8602 may allow for daily
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administration compared with twice-a-week dosing for seli-
nexor, which may increase therapeutic effect. Consistent with
this, early results from a phase I/II study of KPT-8602 in patients
with relapsed/refractory multiple myeloma in which KPT-8602
was dosed daily (QDx5) in 28-day cycles was well tolerated
[22]. The investigation of second-generation SINE compounds
in advanced prostate cancer, including incorporating such
agents into combination strategies, appears to be worthwhile
given the clinical activity of selinexor observed in this study.
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Figure 1. Selinexor treatment results. (A): Waterfall plot of maximal PSA decline during selinexor treatment. Dotted line indicates the
threshold for definition of PSA response (�50% PSA decline from baseline). (B): Swimmer plot of individual patient experience on seli-
nexor. Time to PSA progression determined by PCWG2. Time to radiographic progression determined by RECIST v1.1 for soft tissue lesions
and PCWG2 for bone lesions.

Abbreviations: NLCB, no longer clinically benefiting; PCWG2, Prostate Cancer Working Group 2; PSA, prostate-specific antigen; SAE, seri-
ous adverse event.
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Click here to access other published clinical trials.

Table 1. Demographic and baseline characteristics

Characteristic Selinexor (n5 14)a

Age, years, median (range) 72 (56–79)

Race, n (%)

White 12 (86)

Asian 1 (7)

Unknown 1 (7)

ECOG performance status, n (%)

0 9 (64)

1 5 (36)

Gleason score, n (%)

�7 5 (36)

>7 7 (50)

Unknown 2 (14)

Site of metastasis, n (%)

Node only 0 (0)

Bone only 3 (21)

Bone1 node 11 (79)

Visceral 0 (0)

Prior treatment for mCRPC, n (%)

Aibraterone acetateb 14 (100)

Enzalutamideb 11 (79)

Sipuleucel-T 5 (36)

Radium-223 3 (21)

Chemotherapyc 0 (0)

PSA, ng/mL, median (range) 73.8 (12.8–686.9)

LDH, U/L, median (range) 173 (134–770)

Hematocrit, %, median (range) 36.6 (32.2–42.1)

Alkaline phosphatase, U/L,
median (range)

112 (42–912)

aSelinexor dose: 65 mg/m2 twice a week (days 1 and 3) for the initial two patients enrolled. Subsequently reduced to 60 mg flat dose twice a week
(days 1 and 3), 3 weeks on, 1 week off, for the remaining 12 patients enrolled.
bThree patients had received abiraterone in the context of a phase II study of increased-dose abiraterone after progression on standard-dose abira-
terone (NCT01637402). One patient had received concurrent abiraterone and enzalutamide in the context of a phase III randomized clinical trial
(NCT01949337). No patient had received other second-generation investigational anti-androgen/AR-targeted therapies, including ARN-509 or
Apalutamide.
cNo patient had received prior chemotherapy for mCRPC prior to study enrollment. Two patients had received prior docetaxel for metastatic
hormone-sensitive prostate cancer.
Abbreviations: AR, androgen receptor; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; mCRPC, metastatic castration-
resistant prostate cancer; PSA, prostate-specific antigen.
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