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A B S T R A C T

Purpose
We evaluated the pharmacokinetics (PKs), pharmacodynamics, safety, and efficacy of selinexor, an
oral selective inhibitor of nuclear export compound, in patients with advanced soft tissue or bone
sarcoma with progressive disease.

Patients and Methods
Fifty-four patients were treated with oral selinexor twice per week (on days 1 and 3) at one of three
doses (30 mg/m2, 50 mg/m2, or flat dose of 60 mg) either continuously or on a schedule of 3 weeks
on, 1 week off. PK analysis was performed under fasting and fed states (low v high fat content) and
using various formulations of selinexor (tablet, capsule, or suspension). Tumor biopsies before and
during treatment were evaluated for pharmacodynamic changes.

Results
The most commonly reported drug-related adverse events (grade 1 or 2) were nausea, vomiting,
anorexia, and fatigue, which were well managed with supportive care. Commonly reported grade 3
or 4 toxicitieswere fatigue, thrombocytopenia, anemia, lymphopenia, and leukopenia. Selinexor was
significantly better tolerated when administered as a flat dose on an intermittent schedule. PK
analysis of selinexor revealed a clinically insignificant increase (approximately 15% to 20%) in drug
exposure when taken with food. Immunohistochemical analysis of paired tumor biopsies revealed
increased nuclear accumulation of tumor suppressor proteins, decreased cell proliferation, in-
creased apoptosis, and stromal deposition. Of the 52 patients evaluable for response, none ex-
perienced an objective response by RECIST (version 1.1); however, 17 (33%) showed durable
($ 4 months) stable disease, including seven (47%) of 15 evaluable patients with dedifferentiated
liposarcoma.

Conclusion
Selinexor was well tolerated at a 60-mg flat dose on a 3-weeks-on, 1-week-off schedule. There was
no clinically meaningful impact of food on PKs. Preliminary evidence of anticancer activity in sarcoma
was demonstrated.

J Clin Oncol 34:3166-3174. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Soft tissue and bone sarcomas are rare tumors of
mesenchymal origin with a wide range of natural
histories, epidemiologies, genetic aberrations, treat-
ment responses, and prognoses.1 For patients with
metastatic disease, treatment options are limited,
and the median overall survival is 10 to 18 months,
highlighting the need for new therapies.2

Aberrations in tumor suppressor proteins
(TSPs) have been well described in many sarcoma
subtypes and are thought to contribute to tumor-
igenesis and drug resistance.3,4 A majority of TSPs
exert their activity in the nucleus and subsequently
undergo cytoplasmic degradation.5 Exportin 1
(XPO1), also called chromosome region mainte-
nance protein 1 (CRM1), is a critical mediator of
nuclear export responsible for shuttling more than
200 known cargo proteins from the nucleus to the
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cytoplasm, including TSPs and anti-inflammatory and growth-
regulating proteins.6,7 XPO1 overexpression has been reported in
several hematologic and solid malignancies and is correlated with
poor patient outcomes.7-12 XPO1 overexpression is one mech-
anism by which neoplastic cells inactivate TSPs through nuclear
exclusion and thereby circumvent cell-cycle regulation, genome
survey, and apoptosis.9

Selinexor is a novel, orally bioavailable small molecule, which
inhibits XPO1 by covalently and reversibly binding cysteine-528,
an essential residue for XPO1 cargo binding.6 Inhibition of XPO1
results in nuclear accumulation of p53, pRb, p21, p27, BRCA1/2,
FOXOs, survivin, and other proteins.6,7 Accumulation of TSPs in
the nucleus restores cell-cycle checkpoints and induces growth
arrest and apoptosis in malignant cells.13,14 Preclinical studies
in a wide range of sarcoma cell lines and xenografts have de-
monstrated robust antitumor activity.15,16 In a parallel phase I
study of selinexor in solid tumors (ClinicalTrials.gov identifier
01607905), the maximum administered dose was 85 mg/m2 (on
days 1 and 3); however, based on chronic tolerability, the rec-
ommended phase II dose was established as 35 mg/m2.17 On the
basis of the novel mechanism of action and robust preclinical
data, we conducted a parallel phase IB study of selinexor in
patients with sarcoma to evaluate the effects of food and for-
mulation on pharmacokinetics (PKs), pharmacodynamics (PDs),
and efficacy.

PATIENTS AND METHODS

Patient Selection
Patients age 18 years or older were eligible after histologic confir-

mation of sarcoma measurable by RECIST (version 1.1), evidence of
radiographic progression at study entry, at least one prior anticancer
regimen when appropriate for the specific histology, Eastern Cooperative
Oncology Group performance status of 0 to 1, body surface area between
1.4 m2 or greater and 2.5 m2 or less (only for cohort four, five, and six), and
adequate organ function defined as adequate hepatic function (bilirubin,
1.53 the upper limit of normal; AST and ALT , 33 the upper limit of
normal), hematopoietic reserve (absolute neutrophil count$ 1,000/mm3;
platelet count $ 100 3 109/L), and creatinine clearance ($ 30 ml/min).18

Patients with coexisting uncontrolled medical conditions, HIV/AIDS, CNS
metastases, or GI dysfunctions that interfered with drug absorption were
excluded. The study was initiated after approval from the institutional
review board and was conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained from patients. The study
was conducted in the United States (Memorial Sloan Kettering Cancer
Center) and Canada (Princess Margaret Hospital). Data cutoff was De-
cember 7, 2015.

Treatment
Three cohorts with varying doses, schedules, and formulations were

evaluated (Appendix Fig A1, online only). Patients in the food-effect arm
(cohort one) received selinexor orally at a starting dose of 30 mg/m2 twice
week (on days 1 and 3) over a 28-day cycle. This dose and schedule were
selected from a parallel phase I study.17 Each patient in this cohort was
evaluated under four different conditions: fasting, low-fat diet and high-fat
diet with tablet formulation, and low-fat diet with capsule formulation.
Fasting condition (treatment A) was a minimum of 10 hours overnight fast
followed by selinexor administration and an additional 4 hours without
food. For fed state, patients fasted overnight for 10 hours and then received
a high- (treatment B, 800 to 1,000 Kcal/meal) or low-fat meal (treatment C,

500 to 600 Kcal/meal), provided by the study sponsor, followed by seli-
nexor within 30 minutes of the meal.19 In addition, a capsule formulation
was evaluated with a low-fat meal (treatment D, 500 to 600 Kcal/meal).
Patients were randomly assigned to one of two treatment sequences, which
were either treatment A followed by B, C, and D or treatment B followed by
A, D, and C. Patients were required to complete all four arms of the study
and to consume at least 75% of the meal to be evaluable for PK analysis.
Cohort two consisted of patients treated with selinexor 50 mg/m2 twice per
week (on days 1 and 3), receiving oral tablets within 30 minutes of food
consumption. This higher dose was chosen to evaluate efficacy, toxicity,
and PDs in sarcoma and was selected based on the parallel phase I study
of selinexor in solid tumors.17 Analysis of toxicities in cohorts one and
two, along with the parallel phase I study, suggested that flat dosing and
an interrupted schedule would be better tolerated. Cohort three was
designed to evaluate selinexor at a 60-mg flat dose (approximately
35 mg/m2) twice per week (on days 1 and 3) on a 3-weeks-on, 1-week-
off schedule. In cohort three, the PKs of three different formula-
tions (first-generation tablet, second-generation tablet, or suspension)
were evaluated.

Follow-Up Assessments
At baseline and during the study, patients underwent review of

medical history; review of concurrent medications; physical, neurologic,
and ophthalmic examinations; electrocardiogram; and complete blood
and comprehensive metabolic panels. Radiographic imaging by com-
puted tomography or magnetic resonance imaging was performed at
baseline and repeated every 8 weeks. All patients who received at least
one dose of selinexor were evaluated for safety according to National
Cancer Institute Common Terminology Criteria for Adverse Events
(version 4.03).

PKs
In the food-effect and formulation cohorts, peripheral blood

(2 mL) was collected on day 1 before dosing and 15 minutes, 30 minutes,
and 1, 1.5, 2, 3, 4, 5, 6, 8, 10, and 24 hours after dosing. PKs were
calculated by standard noncompartmental analysis using PK Solu-
tions software (Summit Research Services, Montrose, CO). Area un-
der the concentration-time curve (AUC) was calculated by the linear
trapezoidal method.

PDs
When safe and feasible, paired tumor biopsies were obtained at

baseline and after approximately 3 to 4 weeks of treatment. Immuno-
histochemical staining was performed by study sponsor on formalin-fixed,
paraffin-embedded specimens using a BioGenex I6000 automated
immunostainer (BioGenex, Fremont, CA) as described by manufacturer.
Evaluations included tumor cell morphology (hematoxylin and eosin
[HE]; Richard-Allan Scientific, San Diego, CA; Masson’s trichrome; Poly
Scientific, Bay Shore, NY), apoptosis (ApopTag S71003; EMD Millipore,
Billerica, MA), proliferation (Ki67: 275R-18; Cell Marque, Rocklin, CA),
and XPO1 and TSP expression and localization (XPO1: product sc-5595;
Santa Cruz Biotech, Dallas, TX; FOXO1: product 2880; Cell Signaling
Technology, Danvers, MA; p21: product 2947, Cell Signaling Technology;
p53: product sc126; Santa Cruz Biotech). Representative images were
captured using the Aperio ScanScope AT Turbo at 203 magnification
(Leica Biosystems, Buffalo Grove, IL). Nuclear Ki67 and Masson’s tri-
chrome staining were quantified using Definiens Tissue Studio software
(Definiens, Munich, Germany). An independent, blinded pathologist
reviewed and scored the paired biopsies for liposarcoma (LPS) samples.

Statistics
Sample size was calculated based on US Food and Drug Adminis-

tration guidelines for food-effect studies.19 We used descriptive statistics
for continuous variables and frequency counts for categorical variables.
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Paired Student t test was used to compare individual plasma PK
parameters, including maximum plasma concentration, AUC0-‘,
and time to peak plasma concentration. Z test for proportions was
used to compare frequently reported adverse events (AEs) among
cohorts. Data were considered statistically significant when P was less
than .05.

RESULTS

Patient Characteristics and Treatment
Fifty-four patients were enrolled, with 19 in cohort one

(30mg/m2; food effect), 17 in dose-expansion cohort two (50mg/m2),
and 18 in cohort three (60-mg flat and intermittent dose; for-
mulation). Baseline characteristics of the patients are summa-
rized in Table 1. Patients had a median age of 55 years (range, 18
to 86 years); 57% were women. Patients had an Eastern Co-
operative Oncology Group performance status of 0 or 1 (100%),
a median of two (range, zero to nine) prior systemic therapies, and
a range of tumor types, with the most common being LPS (n = 19
[33%]) followed by leiomyosarcoma LMS; n = 12 [22%]).

PKs
Of the 37 patients in cohorts one and three, 24 were con-

sidered evaluable for PK analysis. Figure 1 and Appendix Table A1
(online only) summarize the effects of food and formulation on
drug metabolism. There were no significant differences in the PK
parameters (maximum plasma concentration, time to peak plasma
concentration, AUC0-‘, clearance, and half-life) between high- and
low-fat meals or the various formulations. When compared with
that for the fasting state, the AUC0-‘ was significantly higher with
a high- (P = .003) or low-fat meal (P = .009); however, these
differences were modest (approximately 15% to 20%) and not
clinically relevant.19

Safety and Tolerability
The highest-grade drug-related AEs occurring in at least 10%

of patients with sarcoma treated with selinexor are listed in Table 2.
The most frequently reported toxicities were nausea, fatigue, an-
orexia, dysgeusia, and vomiting, which were primarily grade 1 or 2
and well controlled with antinausea medications (ondansetron,
olanzapine, or lorazepam) and appetite stimulants (olanzapine
and megestrol). Grade 3 or 4 toxicities included fatigue, diarrhea
thrombocytopenia, anemia, and neutropenia. Ten drug-related
serious AEs were noted in nine patients, including nausea,
vomiting, diarrhea, lung infection, maculopapular rash, central
autonomic dysfunction, thrombocytopenia, and anemia, which led
to dose interruptions, reductions, or discontinuations. All patients
recovered with supportive care. The 60-mg flat dose was better
tolerated with significantly lower dizziness (P = .006), nausea
(P = .03), vomiting (P = .04), and anorexia (P = .04) and trends
toward significance for fatigue (P = .1), neutropenia (P = .08), and
blurry vision (P = .06).

Antitumor Efficacy
A total of 52 patients with progressive disease were evaluable

for response by RECIST (version 1.1). There were no complete or
partial responses. Thirty (58%) of 52 patients showed stable disease
(SD), with 17 (33%) experiencing SD for 4 months or longer.
Thirteen (30%) of 43 evaluable patients showed a reduction in
target lesion size from baseline (Fig 2A). Antitumor activity was
particularly noted in patients with dedifferentiated LPS (DDLPS),
with six (40%) of 15 patients showing a reduction in target lesion
size from baseline, and seven (47%) of 15 patients showing SD for
4 months or longer (Fig 2B). Because only patients with pro-
gressive disease were enrolled in the study, the time to progression
(TTP) ratio (ie, ratio of TTP with selinexor to TTP with prior
therapy) or growth modulation index (GMI) was calculated for
each patient, using a previously described threshold of 1.3 or
greater as a sign of potential drug activity and improved overall
survival (Appendix Fig A2, online only).20-23 Sixteen (39%) of 41
evaluable and seven (54%) of 13 patients with DDLPS had GMI of
1.3 or greater. Figure 3 shows representative images of antitumor
activity in patients with DDLPS.

PD Analysis
Sixteen patients underwent successful paired tumor biop-

sies. Target inhibition was confirmed by increased nuclear

Table 1. Baseline Demographic and Clinical Characteristics (N = 54)

Characteristic No. (%)

Age, years
Median 55
Range 18-86

Sex
Female 31 (57)
Male 23 (43)

Race
Asian 8 (15)
Black or African American 3 (6)
White 41 (76)
Not reported 2 (4)

No. of prior regimens
Median 2
Range 0-9
1-2 23 (43)
3-4 17 (31)
5-6 5 (9)
$ 7 5 (9)
0 4 (7)

ECOG performance status
0 28 (52)
1 26 (48)

Sarcoma subtype
WD/DD liposarcoma 16 (30)
Myxoid liposarcoma 3 (6)
Leiomyosarcoma 12 (22)
Synovial sarcoma 4 (7)
Other* 19 (35)

Abbreviations: DD, dedifferentiated; ECOG, Eastern Cooperative Oncology
Group; WD, well differentiated.
*Other includes: aveolar soft part sarcoma (n = 1), chondroblastic osteosarcoma
(n = 1), chondrosarcoma (n = 1), chordoma (n = 1), clear cell sarcoma (n = 1),
desmoplastic small round-cell tumor (n = 1), endometrial stromal sarcoma (n = 2),
Ewing sarcoma (n = 1), intimal sarcoma (n = 1), malignant peripheral-nerve sheath
tumor (n = 1), malignant phyllodes tumor (n = 1), extraskeletal myxoid chon-
drosarcoma (n = 1), myxofibrosarcoma (n = 1), primitive neuroectodermal tumor
(n = 1), undifferentiated pleomorphic sarcoma (n = 1), spindle cell neoplasm with
squamous differentiation (n = 1), spindle cell sarcomatoid carcinoma (n = 1), and
undifferentiated pleomorphic sarcoma (n = 1).
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accumulation of XPO1 and cargo proteins (p53, p21, and FOXO1).
Furthermore, immunohistochemical staining showed corre-
sponding decrease in cellularity (HE), proliferation (Ki67), and
increase in apoptosis (ApopTag) and fibrosis (Masson’s tri-
chrome) after selinexor treatment (Fig 4; Appendix Table A2,
online only; Appendix Fig A3, online only), confirming the re-
sults of preclinical studies.15,16

DISCUSSION

A vast majority of cancer genomes harbor driver alterations in
TSPs, which play critical roles in cancer initiation, progression, and
metastasis.24,25 Targeting TSPs, namely reactivating or repairing
proteins, is significantly more challenging, as evidenced by the
disproportionate number of kinase inhibitors that are approved or
in development.26 Novel approaches to reactivating TSPs include
targeting the negative regulators (eg, TP53 and MDM2 inhibitors),
inhibiting unopposed oncogenic pathways (eg, PTEN deletion
and PI3KCA inhibitors), initiating synthetic lethality (eg, BRCA1/2
and poly (ADP-ribose) polymerase inhibitors), and others.26 In-
hibition of nucleocytoplasmic shuttling as an anticancer strategy
is an emerging field that targets aberrant nuclear import/export
machinery.17,27 XPO1 binds nuclear proteins that bear a leucine-
rich nuclear export signal (NES) in a guanosine triphosphate–
dependent manner, which are then transported across the nuclear
pore complex for cytoplasmic activity or degradation. More than
200 different proteins harbor NES motifs and are cargo proteins
for XPO1, including p53, MDM2, CDKN1A/p21, CDKN1B/p27,
FOXO3, AKT1, BRCA1/2, WEE1, SMAD4, APC, and NFKB1A.28

Treatment with selinexor, a first-in-class selective inhibitor of nu-
clear export compound, results in nuclear retention of TSPs and
activation of apoptosis, cell-cycle arrest, and/or senescence.

In this phase IB clinical trial of selinexor, we evaluated the
therapeutic potential of reactivating TSPs in advanced sarcoma by
inhibiting XPO1. We determined the safety and toxicity of a new
schedule, effects of food and formulation on drug metabolism, PD

effects, and efficacy in sarcoma, particularly in DDLPS. The rec-
ommended phase II dose in patients with advanced sarcoma is
60 mg (approximately 35 mg/m2) orallly twice per week (3-weeks-
on, 1-week-off schedule). Although food did not affect PKs, we
recommend selinexor be taken with a light meal to potentially
alleviate GI-related adverse effects. In the entire cohort, 14 (26%)
of 54 patients required dose interruption or reduction because of
AEs. As expected, patients treated at a lower dose and intermittent
schedule reported improvement in nausea, vomiting, anorexia,
dizziness, fatigue, and blurry vision. We observed that earlier in-
stitution of supportive care, such as ondansetron, olanzapine,
low-dose dexamethasone, or megesterol, helped alleviate severity
of symptoms. Reversible thrombocytopenia of any grade was noted
in approximately half of the study population, including grade 3 or
4 events in 9% of patients. Selinexor-induced thrombocytopenia
results from the inhibition of hematopoietic stem-cell maturation
to megakaryocytes, without affecting hematopoietic stem-cell
survival, platelet activation, mature megakaryocyte survival, or
proplatelet formation.29 In this study, thrombocytopenia was re-
versible with platelet-stimulating growth factors, and evaluation of
two patients with selinexor-induced thrombocytopenia showed
normal marrow with maturing trilineage hematopoiesis. Some
patients reported dizziness despite adequate volume repletion.
Although extensive neurologic evaluation was unrevealing, we
suspect this was likely drug related, because symptoms improved
with dose interruption. Asymptomatic hyponatremia despite
volume repletion was noted with no clear etiology. Approximately
10% of patients reported blurry vision; however, ophthalmologic
evaluations were unrevealing, and symptoms resolved with drug
interruption. One patient had worsening of pre-existing cataracts,
and the etiology was uncertain. These findings may be the con-
sequences of disrupting a wide range of proteins that depend on
XPO1 for their function.

In the tumor biopsies performed to assess PD end points,
target inhibition of XPO1 was indirectly confirmed by increased
nuclear retention of TSPs (p53, FOXO1, and p21) and apoptosis
(ApopTag) and decreased cellularity (HE) and mitosis (Ki67).
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Interestingly, this was associated with increased stromal deposi-
tion and fibrosis, as evidenced by Masson’s trichrome stain. We
acknowledge that tumor heterogeneity and biopsy sampling var-
iation limit our interpretation, particularly in LPS, where well-
differentiated and dedifferentiated components with varying cel-
lularity are admixed with no clear demarcating borders. We were
unable to confirm whether apoptosis was directly related to an
XPO1-induced mechanism or a nonspecific stress response. In
preclinical studies, selinexor decreased protein expression of XPO1
in vitro after 48 hours of treatment.16 In this study, biopsies were
obtained after approximately 3 to 4 weeks of treatment and XPO1
expression was retained in the nucleus. These discordant find-
ings require further investigation, including biopsies at earlier
time points.

Of patients with progressive and refractory DDLPS at study
start, 47% had durable ($ 4 months) SD, and 54% had a GMI
of 1.3 or greater.21,22 Studies in sarcoma and solid tumors
have demonstrated that this index is a sign of an active drug.
Progression-free survival for systemic chemotherapies in DDLPS
has been reported to be 4.6 and 2.2 to 2.6 months in the first- and
second-line settings, respectively.30-32 The hallmark of DDLPS is
amplification of CDK4 and MDM2 genes with near-universal
presence of wild-type TP53.3,4 MDM2 is the most important
negative regulator of p53.33 MDM2 ubiquitination of p53 results in
a conformational shift that exposes the NES domain for XPO1

interaction and export.34 In this context, selinexor targets the
central pathway in DDLPS and increases nuclear p53 expression
and its downstream target, p21. Histopathology is further detailed
in Appendix Table A2 and Figure A3. The exact mechanism of
selinexor-induced cell death and fibrosis in DDLPS is under further
investigation. No biomarker of benefit or resistance was discernible
in tumor analysis, although this was limited by the small sample
size. Patients with LMS represented 22% of the study, and pro-
longed SD ($ 4 months) was seen in approximately 36% of pa-
tients. For example, a 67-year-old woman with advanced LMS
was refractory to doxorubicin plus carboplatin, ifosfamide, and
gemcitabine, as well as docetaxel (2 months) and was then treated
with selinexor as a fourth-line agent. The patient experienced
a 221% tumor shrinkage and SD lasting 290 days. Evaluation of
paired biopsy samples showed reduced cellularity (HE), mitosis
(Ki67), increased apoptosis (ApopTag), and nuclear retention of
p53, FOXO1, and p21 (Fig 4). LMS is characterized by complex
genomic alterations, with a high frequency (approximately 70%) of
mutations or deletions in tumor suppressor genes such as TP53,
PTEN, Rb, and CDH1.35 This suggests that activity of selinexor
in LMS may occur through alternate mechanisms that need
further investigation.

In the phase I study of selinexor in solid tumors (ClinicalTrials.
gov identifier NCT01607905), a prolonged SD was observed in
endometrial stromal sarcoma (ESS).17 On this basis, two patients

Fig 2. (A) Percent change in target lesion size from baseline for 47 evaluable patients. Quantitative target lesion assessment was not available for seven patients because
of consent withdrawal (n = 2), disease progression based solely on clinical symptoms (n = 4), and death resulting from progressive disease (n = 1), all of which occurred
before first post-treatment scan. Bars falling between the dotted lines at 20%and230% represent stable disease,whereas above 20% represents progressive disease, as
determined by RECIST (version 1.1). (B) Time in study for all patients coded by sarcoma subtype. As of the date of data cutoff, two patients continued to receive selinexor
treatment. DD, dedifferentiated; LPS, liposarcoma; UPS, undifferentiated pleomorphic sarcoma; WD, well differentiated.

A B

C D

Fig 3. Radiographic images of antitumor
activity in liposarcoma. (A) Baseline com-
puted tomography (CT) scan of a target le-
sion in an 88-year-old man with advanced
refractory dedifferentiated liposarcoma and
(B) reduction in tumor size after two cycles
of selinexor. (C) Baseline CT scan of a rep-
resentative lesion in a 72-year-old woman
with aggressive dedifferentiated liposarcoma
and (D) reduction in tumor size after two cy-
cles of selinexor. Green lines indicate lesion.
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with ESS were recruited to our study. One patient had experienced
RECIST progression (+35% over a 12-week period) in another
clinical trial and enrolled in this study. This patient experienced
tumor reduction (214%) and remained in the study for 24 weeks
but withdrew consent because of drug-related AEs. The second
patient experienced progression after two cycles of selinexor. Further
evaluation of selinexor in ESS is warranted. Preclinical studies with
selinexor showed robust activity in synovial sarcoma, alveolar soft
part sarcoma, and Ewing sarcoma.16 Although sample size was
limited, our study failed to register a signal in these diseases.

Lastly, our study highlights the importance of conducting
food-effect studies early in drug development.36 Food and for-
mulation are regulatory requirements for oral agents, and given the
shift toward oral drugs, this represents an opportunity for sponsors
and investigators to evaluate signals in rare cancers where clinical
trials are typically challenging to conduct. Defining proper ad-
ministration is critical for success of drug development, as recently
highlighted by the impact of food on toxicity of lapatinib, nilotinib,
and abiraterone.37-42 We conducted a parallel phase IB study,
which informed the design of several ongoing pivotal studies with
selinexor. In summary, selinexor is well tolerated in patients with
advanced refractory sarcoma. Prolonged disease control was noted
in several tumor types, including liposarcoma and leiomyo-
sarcoma. A randomized phase II/III clinical trial of selinexor versus
placebo with crossover at progression is currently ongoing in
patients with advanced DDLPS who experienced progression with
prior therapies (ClinicalTrials.gov identifier NCT02606461).
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Fig 4. Patient tumor biopsies were ana-
lyzed by immunohistochemistry for mor-
phologic and biochemical changes in
response to selinexor treatment. (A, B)
Hematoxylin and eosin (HE) and (C, D)
Masson’s trichrome staining of tumor
samples taken from a patient with well-
differentiated (WD)/dedifferentiated (DD)
liposarcoma at baseline and 4 weeks after
receiving selinexor 50 mg/m2. Immunohis-
tochemical staining (brown) of markers for
(E, F) proliferation, (G, H) apoptosis, (I, J)
XPO1, and (K to P) XPO1 cargo tumor
suppressor proteins are also shown. Ki67
staining is from the same patient in panels A
to D. ApopTag, p21, and p53 images are
from a patient with WD/DD liposarcoma
treated with selinexor 60 mg for 4 weeks.
XPO1 and FOXO1 images are from a patient
with leiomyosarcoma treatedwith selinexor
30 mg/m2 for 3 weeks. All three patients
had a best response of stable disease.
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Appendix

Table A1. Pharmacokinetics of Selinexor With Food and Capsule Formulation

Prandial State Formulation Dose No. of Patients Cmax (ng/mL) Tmax (hours) AUC0-‘ (ng 3 h/mL) t1/2 (hours) Vd/F (mL/kg)

Fasting First-generation
tablet

30 mg/m2 12 400 6 177 1.8 6 1.6 2,913 6 993 6.2 6 1.7 2,913 6 1,841

Fed (high fat) First-generation
tablet

30 mg/m2 12 439 6 156 4.4 6 2.0 3,643 6 797* 5.8 6 1.4 2,141 6 896

Fed (low fat) First-generation
tablet

30 mg/m2 12 448 6 88 3.5 6 1.7 3,647 6 648† 5.5 6 1.0 1,934 6 591

Fed (low fat) Capsule 30 mg/m2 12 439 6 129 4.0 6 1.3 3,726 6 768‡ 5.7 6 1.1 2,020 6 637
Fed First-generation

tablet
60 mg 12 547 6 169 2.0 6 1.5 4,157 6 890 7.0 6 1.4 2,161 6 660

Fed Second-generation
tablet

60 mg 12 542 6 181 3.5 6 1.3 4,282 6 865 6.5 6 1.2 1,977 6 697

Fed Oral suspension 60 mg 12 482 6 218 1.8 6 2.5 4,048 6 771 6.7 6 1.6 2,172 6 961

NOTE. Summary of selinexor pharmacokinetics for cohorts one and three. Comparisons were not significant unless noted otherwise.
Abbreviations: AUC, area under the concentration curve; Cmax, maximum plasma concentration; t1/2, plasma half-life; Tmax, time to peak plasma concentration; Vd/F,
volume of distribution adjusted for bioavailability.
*Fasting versus high-fat meal; tablet; AUC0-‘ P = .003.
†Fasting versus low-fat meal; tablet; AUC0-‘ P = .009.
‡Fasting versus low-fat meal; capsule; AUC0-‘ P = .005.

Table A2. Histopathologic Evaluation of Liposarcoma

Sarcoma Subtype Biopsy Site
Biopsy

Composition

Biopsy
Collection

Time
Ratio (cell
to stroma)

Necrosis
(%)

Ki67-Positive
Tumor Cells (%)

Overall Treatment
Response

DD liposarcoma Left abdominal
wall

85% nonlipogenic
component;
10% lipogenic
component

Pretreatment 90:10 5 35 Marked reduction in cellularity,
increased necrosis, and strong
stromal response

During
treatment

10:90 45 5

DD liposarcoma Lower left
quadrant
pelvic mass

100% nonlipogenic
component; 0%
lipogenic
component

Pretreatment 85:15 0 55 Moderate reduction in cellularity,
minimal necrosis, and
increased stromal response

During
treatment

75:25 5 45

DD liposarcoma Left mesenteric
mass

100% nonlipogenic
component; 0%
lipogenic
component

Pretreatment 95:5 35 70 Moderate reduction in cellularity,
no necrosis, and increased
stromal response

During
treatment

80:20 0 60

DD liposarcoma Pelvic mass 100% nonlipogenic
component; 0%
lipogenic
component

Pretreatment 80:20 0 30 Moderate reduction in cellularity,
no necrosis, and increased
stromal response

During
treatment

60:40 0 25

DD liposarcoma Pelvic mass 5% nonlipogenic
component;
95% lipogenic
component

Pretreatment ND 0 65 No response
During
treatment

0 65

Abbreviations: DD, dedifferentiated; ND, not determined.
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Fig A1. Schematic of trial design. Arrows indicate selinexor treatment (Monday and Wednesday).
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Fig A2. Time to disease progression (TTP) with selinexor versus TTPwith last prior therapy for 41 evaluable patients. Dotted line represents greater than 1.3-fold increase
in TTP with selinexor. Thirteen patients were not evaluable because of lack of prior therapy (n = 4) and not having a documented date of disease progression with last prior
therapy (n = 9). DD, dedifferentiated; VEGFR, vascular endothelial growth factor receptor; WD, well differentiated.
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Fig A3. Histopathologic evaluation of liposarcoma biopsies. Tumor biopsies from five patients with liposarcoma were collected at baseline or during week 3 or 4 of
selinexor treatment and were evaluated by a blinded histopathologist for changes in cell-to-stroma ratio, percent necrosis, and percent Ki67-positive tumor cells. HE,
hematoxylin and eosin.
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