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Purpose: Multiple myeloma (MM) patients with triple- and penta-refractory disease have a poor survival and limited treatment
options. Selinexor, in combination with bortezomib and dexamethasone, demonstrated clinical activity in the STOMP study as well as
in the BOSTON study in previously treated patients with disease refractory to a proteasome inhibitor (PI).
Patients and Methods: Here, we report a real-world case series of 7 heavily pretreated MM patients who had been extensively
pretreated with bortezomib and had disease refractory to PIs, including carfilzomib; who were administered a starting dose of 100 mg
of selinexor, 20–40 mg dexamethasone and 1.3 mg/m2 of bortezomib, each once weekly. The majority of these patients (6 patients,
86.0%) had penta-refractory disease, with 5 patients (71.4%) having disease refractory to bortezomib and carfilzomib, and all 7
patients having pomalidomide refractory disease. The median number of prior lines of therapy was 8 (range 4–12).
Results: The seven patients in this case series received selinexor for a median of 5 cycles (range 1–10). Four patients (57.1%) had
a dose reduction of selinexor. Five patients (71.4%) had a response, of which 2 (29.0%) had a very good partial response (VGPR) and
3 (43.0%) had a partial response (PR). One patient (14.3%) had stable disease (SD) and 1 (14.3%) had progressive disease (PD). There
were no new safety signals.
Conclusion: The selinexor, bortezomib, and dexamethasone triplet combination demonstrates activity in PI-resistant MM and patients
with heavily pretreated MM with refractory disease and after multiple lines of therapy.
Keywords: multiple myeloma, hematologic malignancies, heavily pretreated disease, real-world experience, case series

Introduction
Multiple myeloma (MM) is characterized by the clonal expansion of malignant plasma cells in the bone marrow. For the
diagnosis of MM, 10% or more clonal plasma cells must be present in either bone marrow examination or a biopsy-
proven plasmacytoma in addition to ≥1 myeloma defining event. These events are based on the CRAB criteria, which
includes hypercalcemia, renal failure, anemia, and bone disease.1,2 The incidence of MM in Europe has been estimated to
be 4.5–6.0 people per 100,000 per year.3 Despite numerous advancements of therapeutics increasing patient survival,
MM remains an incurable disease with most patients relapsing. Current treatment strategies at both diagnosis and relapse
include various combination regimens employing immunomodulatory drugs (IMiDs), proteasome inhibitors (PIs), anti-
CD38 monoclonal antibodies, and stem cell therapies.4–6 Doublet and triplet regimens have become the standard in the
refractory setting for MM. Combination therapies are particularly attractive in the quest to overcome resistance to certain
classes of drugs based on mechanism of action.7

Exportin 1 (XPO1) is a nuclear exporter responsible for the nuclear transport of more than 200 targets including tumor
suppressor proteins (TSPs) and oncoprotein mRNAs that associate with the cap-binding protein eIF4E, as well as the
glucocorticoid receptor (GR).8,9 Most hematologic and solid tumor malignancies, including MM, overexpress XPO1.

OncoTargets and Therapy 2022:15 243–250 243
© 2022 Delforge et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 16 October 2021
Accepted: 24 January 2022
Published: 14 March 2022

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com


Elevation of XPO1 is linked with more aggressive MM, with an increase in osteolytic disease and poor clinical outcomes.10–12

Resistance of MM to PIs, including bortezomib, as well as IMiDs has also been correlated to an increase in XPO1.11,13–16

Selinexor is a potent, orally available, selective inhibitor of nuclear export (SINE) compound that binds reversibly to
Cys528 in the cargo-binding pocket of XPO1 and blocks its function.17 Inhibition of XPO1 leads to apoptosis of tumor
cells while generally sparing normal cells through the forced nuclear localization and functional activation of TSPs,
suppression of nuclear factor-κB (NF-κB) activity (through enhanced IκB and other proteins), increase in GR function,
and reduction in oncoprotein mRNA translation.14,18,19 Preclinically, the administration of selinexor to MM cells results
in an elevated localization of p53, IκB and many other tumor suppressor proteins in the nucleus, inducing tumor cell
apoptosis.14 A synergistic interaction was observed when selinexor and PIs were administered to PI-resistant MM cells
and in a MM xenograft mouse model, as a consequence of the induction of significant tumor-selective cytotoxicity.20

Selinexor demonstrated clinical activity in previously treated MM in the STORM study where patients treated with
twice weekly selinexor plus low dose dexamethasone (Xd) had an overall response rate (ORR) of 26% and a median
progression-free survival (PFS) of 3.7 months.12 In a less heavily pretreated patient population in the BOSTON study,
patients were administered the triplet combination of once weekly selinexor, dexamethasone and bortezomib (XVd) and
had an ORR of 76.4%, a median PFS of 13.9 months, and a significantly reduced rate of peripheral neuropathy as
compared to the twice weekly dosing of Vd; overall survival trended in favor of XVd.21

Selinexor has been conditionally approved in Europe by the EMA and in the USA by FDA for use with low dose
dexamethasone in the treatment of patients with penta-refractory MM. It is recommended by ESMO guidelines for use in
patients with triple-class refractoryMM, based on the STORM trial.3,12 In the USA, selinexor has also been approved as a triplet
combination with bortezomib and low dose dexamethasone for MM patients with at least one prior therapy and is currently
awaiting EMA approval for this indication.3,21,22 In addition, single agent selinexor has been approved for the treatment of
patients with relapsed or refractory diffuse large B-cell lymphoma (DLBCL) in the USA based on the SADAL study.23

The Karyopharm Expanded Access Program (KEAP) provides access to selinexor for patients who have exhausted all
available treatment options and are ineligible for currently ongoing selinexor clinical trials. Patients eligible for this
program had heavily pretreated MM, and at minimum, were previously treated with 2 IMiDs, 2 PIs, and daratumumab,
with progressive disease. Importantly, supportive care was provided to all of the patients based on published
recommendations.24,25 Consent was obtained from all patients and approval was obtained from the local institutional
ethics committee for KEAP before starting the program. In this report, we describe the treatment and outcomes of 7
patients treated at the University Hospitals Leuven in Belgium, with heavily pretreated MM that were administered XVd
through KEAP.

Case Series
A summary of patient characteristics can be seen in Table 1. Seven patients with heavily pretreated myeloma were treated
with weekly XVd. At diagnosis, 4 patients (57.1%) had IgA kappa/lambda type MM and 1 patient (14.3%) had light
chain disease only. Four patients (57.1%) had cytogenetic abnormalities as determined by fluorescent in situ hybridiza-
tion (FISH). In 3 patients (43.0%), no cytogenetic information was available. Prior to XVd treatment, all patients had
undergone ASCT and had disease that was refractory to pomalidomide. Six patients (86.0%) had disease that was triple
class refractory and 5 (71.4%) had penta-refractory MM. Five patients (71.4%) had disease that was refractory to both
bortezomib and carfilzomib. Patients had a median of 8 (4–12) prior lines of therapy. A summary of prior treatments is
reported in Supplemental Table 1.

Treatment
All patients started at 100 mg of selinexor, 20–40 mg dexamethasone, and 1.3 mg/m2 bortezomib, all given once weekly.
All patients received 2×8 mg/day ondansetron as prophylactic therapy prior to initiating the XVd regimen. In case of
severe nausea and/or vomiting, olanzapine 5–10 mg/d was administered.24,25 Four patients (57.1%) had dose reductions.
Of these, 2 patients had 3 dose reductions of selinexor to 40 mg per week, one due to Grade 4 thrombocytopenia (without
bleeding) after 4 cycles; nevertheless, after 2 cycles this patient had a very good partial response (VGPR). The patient
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was active on treatment with the selinexor regimen until cycle 10 (06 Apr 2021). The other patient had 2 dose reductions
to 40 mg due to nausea and stopped after 8 cycles of treatment (22 May 2021) with best response being PR after 1 cycle.

Two patients had 1 dose reduction to 80 mg per week due to hematological adverse events (AEs) (asymptomatic
thrombocytopenia and neutropenia). Best responses from these patients were VGPR after 4 cycles and PR after 3 cycles
with a total of 5 cycles of treatment.

Assessments
All patients had weekly assessments which included complete blood count and blood chemistry. On a monthly basis,
immunoglobulin and free light chain (FLC) levels were evaluated. The International Myeloma Working Group (IMWG)
consensus criteria for response and minimal residual disease assessment in MM was used to evaluate treatment

Table 1 Demographics and Clinical Parameters (N=7)

Characteristic

Median Age at start of treatment with selinexor, y (range) 56 (39–68)
Gender
Male 5 (71.4)

Female 2 (29.0)
Type of MM
IgG lambda 2 (29.0)

IgA kappa/lambda 4 (57.1)
Kappa/lambda light chain 1 (14.3)

Cytogenetic abnormalities by FISH
t(11;14) 1 (14.3)
Trisomy 1q 1 (14.3)

Amp(1q21); t(14;20)(q32;q11); loss of 16q23 1 (14.3)

Del(13q14); amp(1q21); t(11;14) 1 (14.3)
Unknown 3 (42.8)

R-ISS
I 1 (14.3)
II 2 (29.0)

III 2 (29.0)

Unknown 2 (29.0)
Prior lines of therapy
4–8 4 (57.1)

9–12 3 (42.8)
Median no. of prior lines of therapy (range) 8 (4–12)

Prior belantamab 3 (42.8)

Prior CART Therapy 2 (29.0)
Refractory status of disease
Pomalidomide 7 (100.0)

Bortezomib 6 (85.7)
Carfilzomib 6 (85.7)

Ixazomib 2 (29.0)

Triple-class 7 (100.0)
Penta 6 (85.7)

Previous ASCT 7 (100.0)

Notes: Categorical variables are shown as n (%), and continuous variables are shown as median
(minimum-maximum).
Abbreviations: ASCT, autologous stem cell transplantation; FISH, fluorescence in situ hybridiza-
tion; MM, multiple myeloma; R-ISS, Revised International Staging System; y, years.
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response.26 National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE), version 5.0
were used for AE reporting.27

Response
All treatment characteristics and responses are listed in Table 2. These patients experienced an ORR of 71%. The
majority of patients had VGPR (2 patients, 29.0%) or PR (3 patients, 43.0%). Of the remaining patients, 1 (14.3%) had
SD and 1 (14.3%) had PD (Figure 1). A total of 4 patients (57.1%) had dose reductions. The median number of cycles
was 5 (range, 1–10) and the median time to progression was 172 days (range, 29–342). Two patients (29.0%) did not
have extramedullary disease and response on imaging, one (14.3%) had a metabolic response and still had disease present
on 08 Aug 2020, another patient had residual pleural lesions on 08 December 2020, one patient had a partial metabolic
response on 08 January 2021 and progressive extramedullary disease on 26 May 2021, and another patient had
progressive extramedullary disease on 02 November 2020. One patient had progressive extramedullary disease on
24 August 2020 and very progressive extramedullary disease on 20 November 2020.

Safety
Adverse events (AEs) for all patients are in Table 3. All patients experienced thrombocytopenia, with 1 patient (14.3%)
having grade 1–2 and 6 patients (86.0%) with grade 3–4. There were no clinically significant bleeding events associated
with thrombocytopenia. The majority of patients (6 patients, 86.0%) experienced neutropenia, with 4 (57.1%) having
grade 3–4; there were no cases of febrile neutropenia. Of the non-hematological AEs, the most common was grade 1/2
nausea, which was experienced by 6 patients (86.0%). Three patients (43.0%) experienced fatigue, diarrhea, and anorexia
and 2 (29.0%) had an upper respiratory infection. One patient had a NYHA grade 4 dyspnea, potentially related to
bortezomib-induced pneumonitis. Two patients (29.0%) experienced limited sensible peripheral neuropathy in the fingers
or feet and 5 (71.4%) did not have peripheral neuropathy during treatment. During treatment, none of the patients
required platelet growth support (romiplostim). All AEs were reversible with proactive supportive care measure and
adequate dose modifications.

At the time of publication, all patients had discontinued selinexor and one patient was alive and receiving belantamab.
Reasons for discontinuation were PD 4 (57.1%), intolerance 1 (14.3%), patient request 1 (14.3%), and 1 (14.3%) was due
to end of treatment (bridging for CART therapy). After selinexor treatment, 1 patient (14.3%) was subsequently treated
with carfilzomib plus dexamethasone and then treated with belantamab. One patient (14.3%) was treated with CART

Table 2 Treatment Characteristics and Response to Treatment in 7 Subjects

Characteristic

Cycles
Median 5 (1–9)

1 2 (29.0)
2–5 3 (43.0)

6–10 2 (29.0)

Dose reduction (mg/wk)-total 4 (57.1)
40 2 (29.0)

80 2 (29.0)

Response
Very good partial response 2 (29.0)

Partial response 3 (43.0)

Stable disease 1 (14.3)
Progressive disease 1 (14.3)

Notes: Categorical variables are shown as n (%), and continuous variables are shown as median
(minimum-maximum).
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therapy, then lenalidomide, and lastly with radiotherapy. Three patients (42.8%) were subsequently treated with
belantamab. Three patients (42.8%) did not receive another treatment regimen after selinexor.

Discussion
This is the first report of real-world experience with XVd of patients in Europe with heavily pretreated refractory MM.
Here, we show that after multiple lines of treatments with the most common MM drugs, XVd conferred clinical benefits.

Figure 1 Best response to study treatment. Swim lane plot showing best response in patients treated with selinexor, bortezomib, and dexamethasone (XVd).
Abbreviations: PD, progressive disease; PR, partial response; SD, stable disease; VGPR, very good partial response.

Table 3 Adverse Events by Grade in 7 Subjects

Characteristic Grade 1–2
n (%)

Grade 3–4
n (%)

Total
n (%)

Hematologic AEs
Thrombocytopenia 1 (14.3) 6 (86.0) 7 (100.0)

Neutropenia 2 (29.0) 4 (57.1) 6 (86.0)

Non-Hematological AEs
Fatigue 3 (43.0) – 3 (43.0)

Nausea 6 (86.0) – 6 (86.0)
Weight loss 1 (14.3) – 1 (14.3)

Dyspnea – 1 (14.3) 1 (14.3)

Diarrhea 3 (43.0) – 3 (43.0)
Upper respiratory infection 2 (29.0) – 2 (29.0)

Pulmonary fibrosis 1 (14.3) – 1 (14.3)

Pneumonia 1 (14.3) – 1 (14.3)
Vomiting 1 (14.3) – 1 (14.3)

Asthenia 1 (14.3) – 1 (14.3)

Obstipation 1 (14.3) – 1 (14.3)
Phase of acute delirium 1 (14.3) – 1 (14.3)

General malaise 1 (14.3) – 1 (14.3)

Anorexia 3 (43.0) – 3 (43.0)

Note: Data are presented as n (%).
Abbreviation: AE, adverse event.
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In this series, patients had exhausted all MM treatments available in our institution and had a very poor prognosis. The
once weekly regimen with bortezomib supports the preclinical observation that there is a synergistic effect in enhancing
the functional activity of TSPs by blocking nuclear export and cytoplasmic degradation/inactivation when selinexor is
combined with a PI like bortezomib.20,28

The patients reported in this cohort were in worse health, with heavily pretreated disease without other remaining
treatment options, and more heavily pretreated compared with patients in the BOSTON study. In the latter study, patients
had been previously treated with only 1–3 lines of therapy, including PIs. The median PFS of patients treated with XVd
in the BOSTON study was 13.9 months and the median OS was not reached. As compared to the BOSTON study, this
cohort of patients had poor baseline characteristics and had received more prior lines of therapy (median 2 [1–3] versus 8
[4–12] lines). All patients in this report had undergone previous ASCT compared to only 35% in the BOSTON study.21

Interestingly, although patients were very heavily pretreated in comparison with patients enrolled in the BOSTON study,
similar response rates to XVd were observed in this cohort: VGPR 29% vs 28%, PR 43.0% vs 32%, and SD 14.3% vs
13%, respectively.21 Of the 5 (71.4%) patients that had disease refractory to bortezomib, 3 (43.0%) had PR and of those
patients, 2 (29.0%) had penta-refractory disease and 1 (14.3%) had triple-class refractory disease, demonstrating that
patients with bortezomib resistance and poly-refractory disease benefitted from the XVd regimen.

Patients in this cohort did have a higher incidence of thrombocytopenia compared to the BOSTON study, but this is
mostly likely due to the extensive prior treatment, including ASCT, affecting residual bone marrow reserve and the fact
that all patients started at a high dose of selinexor. One patient had a NYHA grade 4 dyspnea that could have resulted
from an interstitial pneumonitis caused by bortezomib, which was subsequently discontinued. Otherwise, no new safety
signals were observed. Although the patients in this cohort had heavily pretreated disease and multiple lines of prior
treatment, they were able to respond and tolerate the once weekly selinexor treatment.

Other case series evaluating heavily pretreated RRMM patients treated with XVd from Magen et al and Mouhieddine
et al had similar response rates to this cohort of patients.29,30 In contrast to the data presented here, patients in the Magen
et al case series had a higher incidence of PD, which could be due to the fact that most patients were started at 60 mg of
selinexor with rapidly progressing MM.29 The patient cohort in the Mouhieddine et al case series was also heavily
pretreated and benefited from XVd treatment with prolonged survival. Of those patients, one had been previously treated
with selinexor in the STORM study, having achieved a good response but eventually requiring dose reductions, which
resulted in a loss of treatment response.30 These two case series further support the use of XVd in patients with heavily
pretreated disease that have exhausted all other options. The results are also consistent with the use of higher (eg, 80–
100 mg) initial doses of selinexor in order to arrest disease progression, and then the dose may be reduced. Along these
lines, it is worth noting that there was only a single instance of PD in the BOSTON study amongst the 195 patients
treated with once weekly XVd,21 as compared with 10 cases of PD amongst the 200 patients with twice weekly Vd,
further supporting the potency of the higher dose regimen.

Selinexor in combination with dexamethasone (Xd) has been given conditional marketing authorization by the EMA
(EMA number: EMEA/H/C/005127/0000) for adult patients with MM with a minimum of 4 prior lines of treatment with
progression of disease from last line of therapy and who have refractory disease that includes at least 2 PIs, 2 IMiDs, and
an anti-CD38 monoclonal antibody.31 This represents a major milestone towards the treatment of MM and currently the
use of XVd is under review with the EMA based on the BOSTON study.3,21 In alignment with this goal, there is also an
ongoing trial in Israel to evaluate XVd in heavily pretreated patients with relapsed/refractory (RR) MM. Taken together,
these results are promising and could support future studies with a larger patient cohort for patients with heavily
pretreated MM that have exhausted all other options.

Conclusion
This is the first real-world report of once weekly oral selinexor in combination with weekly bortezomib and dexametha-
sone to treat RRMM in Europe. Seven patients with heavily pretreated MM after exhaustion of all treatment options,
including PIs such as bortezomib and carfilzomib and whose disease was refractory to either or both, benefited from XVd
treatment. The ORR of 71%, acceptable safety profile, and management of AEs with supportive care and dose reduction
indicates a benefit of XVd in heavily pretreated RRMM patients. Supportive care involved the prophylactic
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administration of ondansetron, and olanzapine in case of severe nausea and/or vomiting.24,25 Despite the small number of
patients, XVd in this population demonstrated clinical activity in a real-world setting, and these results may guide future
studies with increased patient numbers. The use of once weekly oral selinexor treatment in combination with PIs (as well
as IMiDs32,33 and CD38 mAbs34) could be a promising treatment option, filling an unmet need for patients with advanced
and refractory MM.
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