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abstract

PURPOSE Antitumor activity in preclinical models and a phase I study of patients with dedifferentiated lip-
osarcoma (DD-LPS) was observed with selinexor. We evaluated the clinical benefit of selinexor in patients with
previously treated DD-LPS whose sarcoma progressed on approved agents.

METHODS SEAL was a phase II-III, multicenter, randomized, double-blind, placebo-controlled study. Patients
age 12 years or older with advanced DD-LPS who had received two-five lines of therapy were randomly assigned
(2:1) to selinexor (60mg) or placebo twice weekly in 6-week cycles (crossover permitted). The primary end point
was progression-free survival (PFS). Patients who received at least one dose of study treatment were included for
safety analysis. (Registration: ClinicalTrials.gov identifier: NCT02606461.)

RESULTS Two hundred eighty-five patients were enrolled (selinexor, n 5 188; placebo, n 5 97). PFS was
significantly longer with selinexor versus placebo: hazard ratio (HR) 0.70 (95% CI, 0.52 to 0.95; one-sided
P5 .011; medians 2.8 v 2.1 months), as was time to next treatment: HR 0.50 (95% CI, 0.37 to 0.66; one-sided
P, .0001; medians 5.8 v 3.2 months). With crossover, no difference was observed in overall survival. The most
common treatment-emergent adverse events of any grade versus grade 3 or 4 with selinexor were nausea (151
[80.7%] v 11 [5.9]), decreased appetite (113 [60.4%] v 14 [7.5%]), and fatigue (96 [51.3%] v 12 [6.4%]). Four
(2.1%) and three (3.1%) patients died in the selinexor and placebo arms, respectively. Exploratory RNA se-
quencing analysis identified that the absence of CALB1 expression was associated with longer PFS with
selinexor compared with placebo (median 6.9 v 2.2 months; HR, 0.19; P 5 .001).

CONCLUSION Patients with advanced, refractory DD-LPS showed improved PFS and time to next treatment with
selinexor compared with placebo. Supportive care and dose reductions mitigated side effects of selinexor.
Prospective validation of CALB1 expression as a predictive biomarker for selinexor in DD-LPS is warranted.
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INTRODUCTION

Liposarcoma is one of the most common soft tissue
sarcoma type in adults, representing 24% and 45% of
extremity and retroperitoneal soft tissue sarcomas, re-
spectively.1 Liposarcomas are classified into five distinct
types with dedifferentiated liposarcoma (DD-LPS) being

the most common subtype.2 While surgery is the primary
therapy for localized liposarcomas, approximately 40%of
patients eventually die from advanced unresectable or
metastatic disease, emphasizing the need for effective
new drugs.2 Standard palliative chemotherapy for ad-
vanced disease includes single agent or combinations of
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parenteral chemotherapies including doxorubicin and ifosfa-
mide, or eribulin or trabectedin, which are indicated for
treatment of liposarcoma. Gemcitabine and docetaxel may be
used but have mainly been evaluated in earlier lines of pri-
marily well-differentiated LPS.3 First-line treatment of DD-LPS
with doxorubicin monotherapy has shown an overall response
rate (ORR) between 0% and 8% with a median progression-
free survival (PFS) ranging from 1.5 to 4 months.3-6

Anthracycline-containing regimens as a front-line treatment
for retroperitoneal well-differentiated/DD-LPS have resulted in
an ORR of 26%with amedian PFS and overall survival (OS) of
4 and 25months, respectively.3 Second or subsequent lines of
therapy with US Food and Drug Administration–approved
agents eribulin and trabectedin result in a median PFS of
approximately 2 months.7,8

MDM2 and CDK4 amplifications are hallmarks of DD-LPS.9,10

MDM2 is an E3-ligase which tags the tumor suppressor
protein p53 (and other proteins) with ubiquitin for
proteasome-mediated degradation, primarily in the cyto-
plasm of the cell. A majority of DD-LPS tumor cells that
overexpress MDM2 carry wild-type p53, consistent with the
notion that p53 is inactivated in these tumors throughMDM2-
facilitated degradation.11 Nuclear export of p53 is mediated
by exportin-1 (XPO1) alone, but it is greatly facilitated by
MDM2-mediated ubiquitination of p53.12 CDK4 expression is
associated with poor survival in patients with DDLPS. The
tumor suppressor protein p21 (CIP1/WAF1) is a negative
regulator of CDK4, and nuclear p21 attenuates CDK4 activity.
XPO1 facilitates the nuclear export and consequent func-
tional inactivation of p21, thus potentiating the effect of CDK4.
Overexpression of XPO1 has been reported in sarcomas,13

while MDM2 and CDK4 amplifications and expression are
associated with poor survival in patients with DD-LPS.9,10

Selinexor is a potent, oral, selective inhibitor of nuclear
export compound that specifically blocks XPO1 by cova-
lently and reversibly binding to cysteine-528, an essential

residue for XPO1 cargo binding.14-16 Blockade of XPO1
leads to nuclear retention and functional activation of
multiple tumor suppressor proteins. Treatment with seli-
nexor has demonstrated increased p53 nuclear accumu-
lation and retention followed by reactivation of its tumor
suppressor activity, even in the presence of MDM2
overexpression.13,17 When selinexor was administered both
in vitro and in vivo, there were increased levels of nuclear
p21 and downregulation of CDK4-mediated oncogenic
pathways.13,17,18 Furthermore, in cancer, nuclear factor
kappa B (NF-kB) activates pro-oncogenic, chemotherapy
resistance and inflammatory gene transcription activity.
This activity is inhibited endogenously by several proteins,
the most potent of which is IkB (inhibitor of NF-kB). IkB is
exported from the nucleus—and its NF-kB inhibiting ac-
tivity blocked, solely by XPO1. Therefore, inhibition of XPO1
by selinexor prevents IkB transport to the cytoplasm and,
instead, leads to its accumulation in the nucleus and potent
inhibition of NF-kB pro-oncogenic activity.19

Currently approved for use in patients with multiple
myeloma20,21 and diffuse large B-cell lymphoma,14 seli-
nexor has demonstrated antitumor activity in in vitro and
in vivo models of DD-LPS, inducing apoptosis in multiple
liposarcoma cell lines, including those with MDM2 and
CDK4 amplification17 and downregulating CDK4-mediated
oncogenic pathways through increased nuclear retention of
p21, a negative regulator of CDK4 in vitro.17 In murine
xenograft models of human liposarcoma, selinexor inhibi-
ted tumor growth and reduced levels of XPO1,22 increased
nuclear retention of p53,23 and inhibited NF-kB.19

In a phase I clinical trial of selinexor in advanced sarcomas,
patients with DD-LPS had prolonged stable disease.18 We
therefore conducted a phase II-III randomized trial to
evaluate the activity of selinexor in patients with advanced
or metastatic DD-LPS who had two-five prior lines of sys-
temic therapy and report here the phase III results.

CONTEXT

Key Objective
Current treatment options of advanced dedifferentiated liposarcoma (DD-LPS) are limited in number and efficacy. The SEAL

trial evaluated monotherapy with selinexor, a selective inhibitor of nuclear export, and, to our knowledge, is the first and
largest study conducted exclusively on patients with DD-LPS whose sarcoma progressed on approved agents with no
further approved therapeutic options.

Knowledge Generated
Single-agent oral selinexor provided prolonged progression-free survival, time to next treatment, and reduced pain in

patients with previously treated DD-LPS. Exploratory molecular biomarker data revealed CALB1 expression to be as-
sociated with selinexor resistance resulting in a potential application for future patient stratification.

Relevance
Our results provide the rationale to further investigate selinexor in patients with advanced or metastatic DD-LPS and as a

basis to further assess selinexor treatment in patients with DD-LPS with CALB1 expression.
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METHODS

Study Design and Participants

The SEAL trial was a phase II-III, multicenter, randomized,
double-blind study of selinexor versus placebo in patients
with advanced unresectable DD-LPS including 70 sites in
10 countries. Patients were randomly assigned in a 2:1
ratio. The Protocol (online only) was approved by institu-
tional review boards at individual enrolling institutions and
performed in accordance with the International Conference
on Harmonization Good Clinical Practice Guidelines and
the Declaration of Helsinki. Disease response was assessed
by an Independent Review Committee.

Eligible patients age 12 years or older had histologically
confirmed DD-LPS with measurable disease per response
evaluation criteria in solid tumors (RECIST) v1.1 as
assessed by an independent review committee, had shown
radiologic evidence of disease progression, and had re-
ceived two-five prior systemic therapies. An Eastern Co-
operative Oncology Group performance status of # 1,
creatinine clearance . 30 mL/min, and adequate labo-
ratory hematopoietic and hepatic function were required.
Patients with other subtypes of liposarcoma or with known
central nervous systemmetastases were excluded. A full list
of inclusion or exclusion criteria is provided in the Data
Supplement (online only). All patients provided written
informed consent.

Procedures

Selinexor (60 mg) or matching placebo was administered
twice weekly in 6-week cycles. Random assignment was
stratified on the basis of (1) prior eribulin use (prior eribulin
v no prior eribulin), (2) prior trabectedin use (prior tra-
bectedin v no prior trabectedin), and (3) the number of
prior systemic therapies excluding eribulin and trabectedin
(# 2 v $ 3). Stratification by prior eribulin or trabectedin
was implemented as these are the most recently approved
agents for the treatment of LPS. With a 2:1 random as-
signment, a block size of six was used. Supportive care
measures included a 5-hydroxytryptamine-3 antagonist
(eg, ondansetron), olanzapine and, if needed, low-dose
glucocorticoids. Treatment was administered until disease
progression, discontinuation, or unacceptable side effects.
If radiographic progression was confirmed by central in-
dependent radiology review in the placebo arm, eligible
patients were allowed to cross over to selinexor. Patients on
selinexor with confirmed progression were permitted to
continue selinexor if their treating physician considered
them to be benefiting from the therapy.

Outcomes

The primary end point was PFS, defined as the time from
date of random assignment until the first date of pro-
gression confirmed by central radiographic review, on the
basis of RECIST v1.1, or death due to any cause. Secondary
end points were OS (additional details in the Data

Supplement), OS among patients who did not cross over,
time to progression on study treatment, ORR, duration of
response, time to next treatment, and health-related quality
of life (HR-QoL). Exploratory end points included tumor
biomarker analysis in tumor tissue. Adverse events (AEs)
were graded according to National Cancer Institute, Divi-
sion of Cancer Treatment and Diagnosis Common Termi-
nology Criteria for Adverse Events Grading Scale, version
4.03.24

Exploratory Molecular Correlative Studies

Per preplanned analysis, RNA sequencing was performed
on formalin-fixed paraffin-embedded resected tumors or
tumor biopsies of patients who were treated on study for at
least one complete cycle. Details of the patient samples
analyzed are included in the Data Supplement.

Statistical Analysis

The sample size was designed to have 90% power to detect
a hazard ratio (HR) of 0.6 between selinexor and placebo
for the primary efficacy end point of PFS, using a one-sided
test with a nominal level of 0.025. The intent-to-treat
population was used for efficacy analysis and consisted
of all patients randomly assigned to study treatment. The
safety population included patients who received at least
one dose of blinded study treatment. For categorical var-
iables, summary tabulations of the number and percentage
of patients within each category were used (with a category
for missing data) of the parameter, as well as two-sided
95% CIs. For continuous variables, summary statistics
included the number of patients, mean, median, standard
deviation, minimum, and maximum. For time-to-event
variables, the Kaplan-Meier method was used for de-
scriptive summaries. SAS version 9.4 was used for the
analysis.

Role of Funding Source

The funder of the trial was involved in trial design, data
collection, data analysis, data interpretation, and writing
of the report. All authors had full access to all the data and
had final responsibility for the decision to submit for
publication.

RESULTS

Patient Characteristics

A total of 285 patients were enrolled in the phase III
component of the trial with 188 and 97 patients randomly
assigned to selinexor or placebo, respectively (Fig 1). Both
arms were balanced with a median age of 65 years
(interquartile range, 56.0-71.0). The most common pri-
mary site of disease at study entry was retroperitoneal
(73.4% selinexor; 68.0% placebo). The majority of patients
had metastatic disease at study entry (71.3% selinexor;
80.4% placebo) and had prior treatment with doxorubicin,
gemcitabine, eribulin, or trabectedin (Table 1).
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Efficacy

Selinexor was associated with a 30% improvement in PFS
as compared with placebo (HR 0.70; 95% CI, 0.52 to 0.95;
one-sided P 5 .01; two-sided P 5 .02; median PFS
2.8 months and 2.1 months, respectively; Table 2). At
12 weeks or longer, the PFS was significantly longer with
selinexor (46.8%, n 5 88; 95% CI, 39.6 to 55.1) when
compared with placebo (34.0%, n 5 33; 95% CI, 29.1 to
50.7; one-sided P 5 .02; two-sided P 5 .04). The 6- and
12-month PFS rates for selinexor and placebo were 23.9%
(95% CI, 17.7 to 32.4) v 13.9% (95% CI, 29.1 to 50.7) and
8.4% (95% CI, 4.3 to 16.2) v 2.0% (95% CI, 0.3 to 13.4),
respectively (Fig 2A). Of the 135 (71.8%) and 74 (76.3%)
PFS events in the selinexor and placebo arms, respectively,
there were 10 (5.3%) deaths with selinexor and five (5.2%)
with placebo. The ORR on the basis of RECIST v1.1 per
independent central radiologic review was 2.7% (five pa-
tients) with selinexor, while no responses were observed
with placebo. Three patients from the selinexor arm con-
tinued into selinexor open-label after radiographic pro-
gressive disease because of continued clinical benefit. The
median duration of response was 7.4 months (95% CI, not
reached to not reached) with selinexor. The time to next
treatment was also significantly longer with selinexor versus
placebo (HR 0.49 [95% CI, 0.37 to 0.66], one-sided P ,
.0001; two-sided P 5 .0002; medians 5.8 months v
3.2 months). Of note, the number of patients receiving

subsequent therapies was similar in each arm (Data
Supplement). Following independent radiographic confir-
mation of progression, 58.8% patients on placebo arm
crossed over to receive open-label selinexor. At a median
follow-up of 14.6 months (interquartile range, 8.2-23.5),
there was no difference in OS for selinexor and placebo
(HR, 1.02; 95% CI, 0.73 to 1.42, one-sided P 5 .54; two-
sided P 5 1.08; median 10.0 months v 12.9 months; Fig
2B). OS among patients who did not cross over showed a
HR of 0.69 (95% CI, 0.43 to 1.11; one-sided P5 .06; two-
sided P 5 .12; median 10.0 months with selinexor v
9.1 months with placebo).

Safety

Discontinuation of study treatment because of treatment-
emergent adverse events (TEAEs) occurred in 9.1% of
patients on selinexor and 4.1% of patients on placebo.
Overall, the most frequently reported TEAEs were nausea
(80.7% v 39.2%), decreased appetite (60.4% v 22.7%),
fatigue (51.3% v 32.0%), and weight loss (42.2% v 9.3%),
the majority of which were grade 1 or 2 and reversible. Most
common grade 3/4 AEs were anemia (18.7% v 8.2%),
hyponatremia (nearly all asymptomatic, 10.7% v 0%),
asthenia (10.2% v 0%), and thrombocytopenia (10.2% v
0%) with selinexor and placebo, respectively (Table 3). Two
of 71 (2.8%) patients in the selinexor arm with thrombo-
cytopenia had grade 3 bleeding: duodenal invasion by the

Total patients randomly assigned (N = 285)

Selinexor
No. of patients randomly assigned              (n = 188)
No. of patients dosed                                   (n = 187)

Placebo
No. of patients randomly assigned                 (n = 97)
No. of patients dosed                                         (n = 97)

On treatment
(n = 7)

On treatment
(n = 18)

Discontinued treatment                               (n = 169, 90.4%)
Reasons for discontinuation
  Disease progression                                  (n = 108, 57.8%)
  Clinical progression                                       (n = 16, 8.6%)
  AE                                                                  (n = 19, 10.2%)
  Patient withdrawal                                         (n = 10, 5.3%)
  Physician decision                                           (n = 2, 1.1%)
  Death because of disease progression          (n = 9, 4.8%)
  Death because of AE                                         (n = 1, 0.5%)
  Lost to follow-up/others                                  (n = 1, 0.5%)

Discontinued treatment                                  (n = 90, 92.8%)
Reasons for discontinuation
  Disease progression                                      (n = 67, 69.1%)
  Clinical progression                                           (n = 6, 6.2%)
  AE                                                                        (n = 3, 3.1%)
  Patient withdrawal                                             (n = 7, 7.2%)
  Physician decision                                              (n = 2, 2.1%)
  Death because of disease progression            (n = 1, 1.0%)
  Death because of AE                                          (n = 1, 1.0%)
  Lost to follow-up/others                                                 (n = 0)

FIG 1. CONSORT diagram. AE, adverse event.
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TABLE 1. Baseline Demographic and Clinical Characteristics
Characteristic Selinexor (n 5 188) Placebo (n 5 97)

Age

Median, years (range) 65.0 (33-84) 65.0 (31-85)

Distribution, No. (%)

18-64 92 (48.9) 46 (47.5)

65-74 73 (38.8) 41 (42.3)

$ 75 23 (12.2) 10 (10.3)

Male sex, No. (%) 114 (60.6) 64 (66.0)

Race, No. (%)

Asian 9 (4.8) 3 (3.1)

Black or African American 3 (1.6) 1 (1.0)

White 139 (73.9) 80 (82.5)

Other/missing 35 (18.6) 13 (13.4)

Geographic region, No. (%)

North America 90 (47.9) 55 (56.7)

Europe and Israel 98 (52.1) 42 (43.3)

ECOG performance status score, No. (%)a

0 71 (37.8) 41 (42.3)

1 117 (62.2) 56 (57.7)

Median duration from most recent progression, months (range) 0.87 (0.1-6.7) 0.66 (0.1-15.5)

Median time since initial diagnosis, months (range) 52.1 (5-328) 51.1 (11-301)

Disease stage category at study entry, No. (%)

Metastasis 134 (71.3) 78 (80.4)

Lung 28 (14.9) 16 (16.5)

Liver 12 (6.4) 9 (9.3)

Peritoneal cavity 47 (25.0) 26 (26.8)

Other 47 (25.0) 27 (27.8)

Primary/extension site of study entry liposarcoma lesion, No. (%) 180 (95.7) 91 (93.8)

Extremity (lower plus upper) 9 (4.8) 3 (3.1)

Retroperitoneum 138 (73.4) 66 (68.0)

Other 33 (17.6) 22 (22.7)

Median prior antineoplastic regimen, No. (range) 2 (1-6) 2 (1-7)

Prior antineoplastic regimen, No. (%)

1b 7 (3.7) 6 (6.2)

2 97 (51.6) 47 (48.5)

$ 3 84 (44.7) 44 (45.3)

Previous systemic therapy

Eribulin 66 (35.1) 35 (36.1)

Anthracyclines 165 (87.8) 84 (86.6)

Anthracyclines plus alkylating agents 168 (89.4) 87 (89.7)

Gemcitabine plus taxanes 72 (38.3) 28 (28.9)

Trabectedin 69 (36.7) 36 (37.1)

Dacarbazine 25 (13.3) 7 (7.2)

MDM2 inhibitor 8 (4.3) 1 (1.0)

(continued on following page)
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tumor in one patient and bleeding from an anastomotic
ulcer in the other. Of note, there were no reports of febrile
neutropenia. Unique grade 3/4 AEs with selinexor included
increased creatinine (1.6%), blurred vision (0.5%), and
dizziness (1.1%; Table 3).

Serious TEAEs were reported in 38.0% patients with seli-
nexor and 18.6% patients with placebo, of which GI dis-
orders were the most frequent in both arms: selinexor
(11.8%) and placebo (6.2%; Data Supplement). The most
common TEAEs leading to discontinuation with selinexor
were fatigue (2.7%) and cardiac failure (1.1%). With pla-
cebo, the most frequent TEAEs leading to discontinuation
were sepsis (2.1%), abdominal pain (1.0%), and de-
creased appetite (1.0%). Compared with placebo, patients
treated with selinexor had a higher rate of AEs leading to

dose reduction (35.8% v 3.1%) and interruption (63.1% v
16.5%). TEAEs leading to death were similar for selinexor
(2.1%) and placebo (3.1%).

Exploratory Molecular Correlative Studies

To identify potential genetic markers of response to
selinexor, we performed RNA sequencing of pretreat-
ment tumor samples from two nonoverlapping sets of 55
patients treated with at least one full cycle of selinexor.
Set 1 included patients for whom a radiographically
measured target lesion was recently biopsied and
available for sequencing. Biopsies from lesions that
decreased in size were defined as selinexor sensitive
(–6% to –73%, n 5 8), and those from lesions that in-
creased in size were defined as resistant (110%

TABLE 1. Baseline Demographic and Clinical Characteristics (continued)
Characteristic Selinexor (n 5 188) Placebo (n 5 97)

CDK4 inhibitor 33 (17.6) 21 (21.6)

Immune checkpoint inhibitor 13 (6.9) 13 (13.4)

Tyrosine kinase inhibitor 61 (32.4) 30 (30.9)

Other 9 (4.8) 9 (9.3)

Prior radiotherapy, No. (%)

Yes 86 (45.7) 45 (46.4)

Prior surgery, No. (%)

Yes 168 (89.4) 82 (84.5)

No. of prior surgeries

Median (range) 2 (1-10) 2 (1-7)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
aECOG performance status scores range from 0 to 5, with higher scores reflecting greater disability.
bRepresents patients enrolled before amendment requiring $ 2 prior antineoplastic regimens.

TABLE 2. Efficacy
Response Category Selinexor (n 5 188) Placebo (n 5 97) One-Sided P Two-Sided P

PFS, median (months) 2.8 2.1 .01 .02

OS, median (months) 10.0 12.9 .54 1.08

Objective response rate

No. with response 5 0

Rate, % (95% CI) 2.7 (0.9 to 6.1) 0 (0)

Best overall response, No. (%)

CR 0 0

PR 5 (2.7) 0

SD 111 (59.0) 53 (54.6)

PD 50 (26.6) 32 (33.0)

Response could not be evaluated 22 (11.7) 10 (10.3)

Time to progression, median (months) 2.8 2.1 .01 .02

Time to next treatment, median (months) 5.8 3.2 , .0001 .0002

Abbreviations: CR, complete response; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable
disease.
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to 193%, n 5 9; Data Supplement). Set 2 included
patients who were stratified on the basis of PFS and
RECIST response criteria. Patients who experienced
progressive disease within 3 months of starting selinexor
were defined as poor benefit (n 5 22), and patients who
were progression-free for at least 6 months or achieved a
partial response were defined as favorable benefit
(n 5 16; Fig 3A; Data Supplement). Differential ex-
pression analysis of sensitive and resistant tumors in set
1 (target size change comparison) revealed that expression
of CALB1 (calbindin 1) was strongly associated with resis-
tance to selinexor (multiple test correction adjusted P value
[Padj] 5 7.5 3 10220), and sensitive tumors lacked ex-
pression of CALB1 (Figs 3B and 3C; Data Supplement). In
set 2 (short v long PFS), CALB1 was among the top dif-
ferentially expressed genes and its expression
was significantly higher in tumors from patients with
short (, 3 months) PFS (P 5 2.54 3 10205; Padj 5 .0091;
Figs 3D and 3E; Data Supplement). Finally, paired post-
treatment tumor tissues from a patient who initially
responded to selinexor and then developed a resistant
metastasis were available, and RNA sequencing showed
that the selinexor-resistant tumor had 52-fold higher

expression of CALB1 compared with the sensitive tumor
(Fig 3F).

In an exploratory analysis of patients whose tumors had no
detectable CALB1 expression (n 5 30), those randomly
assigned to selinexor (n 5 16) had significantly improved
PFS compared with placebo (6.9 v 2.2 months; HR5 0.19
[0.07 to 0.56], P 5 .001; Fig 3G; Data Supplement). In
addition, among patients on the selinexor arm, those with
no tumor CALB1 expression (n5 16/45) had improved PFS
compared with those whose tumors expressed CALB1
(n 5 29/45; 6.9 v 1.7 months; HR 5 0.45 [0.21 to 0.95],
P 5 .03; Fig 3H). There was no association between PFS
and CALB1 expression among patients on the placebo arm
(P 5 .44; Fig 3I; Data Supplement) or in an analysis of the
DD-LPS cohort of The Cancer Genome Research Atlas
(TCGA) database (Data Supplement).25

DISCUSSION

To our knowledge, SEAL is the first and largest global phase II-
III trial focused exclusively on patients with relapsed and
refractory DD-LPS who had received all agents of known
clinical benefit. Despite the rarity of this tumor type (ap-
proximately 2,200 in the United States annually26), feasibility
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FIG 2. Efficacy by treatment arm. (A) Median progression-free survival. Kaplan-Meier curves by treatment arm. (B) Median OS. Kaplan-Meier curves by
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of randomized studies in rare cancers was enabled by in-
ternational cooperation.

In patients with advanced, refractory DD-LPS, oral, twice-
weekly selinexor showed a 30% improvement in PFS.
In the context of the HR of 0.7, the modest improve-
ment (2.8 months) in the median PFS over placebo
(2.1 months) is consistent with a benefit in a subset of the
population. Along these lines, at 12 weeks or longer, the
PFS was significantly longer with selinexor compared with
placebo: 46.8% v 34.0% (one-sided P 5 .02). In this
context, in the first-line setting, the median PFS for single-
agent doxorubicin was 1.5 months while combinations
with ifosfamide ranged from 2 to 4 months.3-6 In the third-
line setting, patients with DD-LPS randomly assigned to
trabectedin also showed modest improvement in the

median PFS of 2.2 months (v 1.9 months for dacarbazine)
and did not show an improvement in OS (12.4 months v
12.9 months for dacarbazine; HR 0.87).7 Eribulin showed
no improvement in median PFS (2.0 v 2.1 months for
dacarbazine); however, in a small subset analysis of pa-
tients with DD-LPS, eribulin (n 5 31) demonstrated a
significant improvement in OS (HR 0.42, 18.0 v
8.1 months) over dacarbazine (n 5 34).8 Single-arm,
phase II studies of CDK4/6 inhibitors palbociclib and
abemaciclib have demonstrated median PFS ranging
from 18 to 30 weeks with most patients treated in the
first-line (37%-50%) or second-line setting.27-29 In
contrast, 51.6% and 44.7% of patients in the SEAL study
had failed two and three prior lines of therapies,
respectively.

TABLE 3. TEAEs

Event

Selinexor (n 5 187) Placebo (n 5 97)

Any Grade Grade 3 or 4 Any Grade Grade 3 or 4

Hematologic AEs, No. (%)

Anemia 88 (47.1) 35 (18.7) 22 (22.7) 8 (8.2)

Thrombocytopenia 71 (38.0) 19 (10.2) 5 (5.2) 0

Neutropenia 37 (19.8) 17 (9.1) 1 (1.0) 0

Nonhematologic AEs, No. (%)

GI

Nausea 151 (80.7) 11 (5.9) 38 (39.2) 0

Decreased appetite 113 (60.4) 14 (7.5) 22 (22.7) 1 (1.0)

Vomiting 92 (49.2) 6 (3.2) 12 (12.4) 3 (3.1)

Constipation 71 (38.0) 1 (0.5) 23 (23.7) 0

Diarrhea 75 (40.1) 5 (2.7) 17 (17.5) 2 (2.1)

Abdominal pain 45 (24.1) 10 (5.3) 31 (32.0) 2 (2.1)

Dysgeusia 51 (27.3) 0 4 (4.1) 0

Constitutional

Fatigue 96 (51.3) 12 (6.4) 31 (32.0) 3 (3.1)

Weight decreased 79 (42.2) 1 (0.5) 9 (9.3) 0

Asthenia 58 (31.0) 19 (10.2) 10 (10.3) 0

Others

Dyspnea 35 (18.7) 3 (1.6) 12 (12.4) 2 (2.1)

Hyponatremia 51 (27.3) 20 (10.7) 8 (8.2) 0

Increased creatinine 40 (21.4) 3 (1.6) 13 (13.4) 0

Dizziness 42 (22.5) 2 (1.1) 6 (6.2) 0

Blurred vision 41 (21.9) 1 (0.5) 3 (3.1) 0

Serious adverse event, No. (%) 71 (38.0) 18 (18.6)

TEAE leading to discontinuation, No. (%) 17 (9.1) 4 (4.1)

Fatigue 5 (2.7) 0

Cardiac failure 2 (1.1) 0

NOTE. No reported febrile neutropenia. Events that have occurred in$ 15% of patients and had. 5% difference between the arms. Adverse events were
graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03.
Abbreviation: TEAE, treatment-emergent adverse event.
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With crossover to selinexor allowed on confirmation of
progression for patients on placebo, the SEAL trial was
designed to assess noninferiority for OS as key secondary
end point; overall, there was no OS difference between
the groups (HR of 1.0). In addition, as compared with
the patients on placebo who did not cross over, those
randomly assigned to selinexor showed a trend toward
improved OS (P 5 .06). Additionally, a significant im-
provement of time to next treatment was observed with

selinexor (HR 0.50). In patients with refractory DD-LPS
whose disease has progressed on two to five prior lines of
therapy, a median PFS of 2.8 months with single-agent
oral selinexor, while modest, is in line with currently used
cytotoxic chemotherapies.7,8 The ORR for selinexor in DD-
LPS was low at 2.7%, which is similar to monotherapy
with doxorubicin monotherapy, eribulin or trabectedin,4,6-8

and CDK4/627,29 or investigational MDM2 inhibitors30 that
range from 0% to 8%.

Total patients sequenced 
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Regarding HR-QoL, as recently published, a total of 255
patients completed baseline assessments, including 168
and 88 in the selinexor and placebo arms, respectively.31 At
baseline, pain scores were significantly higher in the seli-
nexor group. By day 169, patients treated with selinexor
had significant reductions in pain compared with placebo.

AEs with selinexor were mostly grade 1 and grade 2, GI and/
or constitutional and required prophylactic antiemetics,
supportive care, and dose modifications and/or reductions;
the vast majority were reversible and tolerable. Nausea,
dysgeusia, decreased appetite, vomiting, fatigue, and
weight loss were notable (all grades). These symptoms
were also reported, albeit at lower frequencies, in the
placebo arm and reflect, at least in part, the natural history
of DD-LPS. Grade 3/4 anemia, thrombocytopenia, and
neutropenia occurred in 18.7%, 10.2%, and 9.1%, re-
spectively. Notably, no febrile neutropenia, mucositis,
transaminitis, or alopecia was observed.

Twice-weekly oral selinexor provides the convenience of
oral (including at home) administration and absence of
neuropathy and transaminase elevations, which occurred
in 19% and 45% with eribulin and trabectedin, respec-
tively. However, there is a need to counsel and actively
manage GI and constitutional AEs with supportive care, and
dose modifications are important. Antiemetic regimens
used with selinexor include 5-hydroxytryptamine-3 inhibi-
tors, olanzapine and, if needed, low-dose steroids. This was
reflected in patients on selinexor who reported worse HR-
QoL (except for pain levels) primarily during the first
43 days. With time, the differences between selinexor and
placebo dissipated, and this presumably reflects the in-
vestigators’ increased experience at addressing TEAEs.
Finally, patients on the selinexor arm had significant im-
provements in pain symptoms, a critical issue for patients
with advanced DD-LPS.32

The study demonstrated an overall improvement in PFS
of 30%, while median PFS improvement was modest.
Thus, a subset of patients had a significant and durable
benefit with selinexor. To better delineate which patients

were more likely to benefit from selinexor, we conducted
exploratory molecular biomarker studies using a repre-
sentative subset of patients (Data Supplement). These
analyses revealed that expression of CALB1, a calcium
binding protein, was strongly associated with resistance to
selinexor. We confirmed that CALB1 is not a prognostic
marker in DD-LPS, as there was no association between
CALB1 expression and outcomes in the placebo arm or
the TCGA data. CALB1 was an unexpected discovery as it
is highly expressed in the central nervous system and
kidneys, where it acts as a buffer and calcium sensor.33

Although most human adult tissues do not express
CALB1, its ectopic expression has been observed in
several cancer types.34,35 Recent functional studies have
demonstrated a novel oncogenic activity of CALB1 where
it binds MDM2 to enhance MDM2-mediated suppression
of p53 signaling.34 This is especially important in the
context of DD-LPS, as MDM2 overexpression, leading to
p53 degradation, is a hallmark of this disease. Treatment
with selinexor forces nuclear retention and functional
activation of p53, even in the presence of high MDM2
levels. Thus, we speculate that CALB1 expression could
prevent selinexor from overcoming MDM2-mediated sup-
pression of p53; laboratory work investigating this is ongoing.

In conclusion, to our knowledge, the SEAL trial was the
first and largest study conducted exclusively on patients
with heavily pretreated DD-LPS. The results of the SEAL
study showed that the novel mechanism of action pro-
vided by single-agent oral selinexor conferred a 30%
improvement in PFS with an important minority of pa-
tients deriving longer-term benefits as demonstrated by
clinical improvements in 3-, 6-, and 12-month PFS. The
most common AEs were typically low grade and re-
versible and could be mitigated with proactive supportive
care. Further investigation is warranted for selinexor as a
treatment for patients with DD-LPS with low or high
CALB1 expression. Oral selinexor may represent a
therapeutic option for patients with DD-LPS who have
exhausted treatments of known clinical benefit.
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