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Executive Summary

Karyopharm Therapeutics, Inc (Karyopharm) is seeking approval of selinexor, an oral,
first-in class, exportin 1 (XPO1) inhibitor, in combination with low-dose dexamethasone
for the treatment of patients with relapsed refractory multiple myeloma (RRMM) who
have received at least 3 prior therapies and whose disease is refractory to at least 1
proteasome inhibitor (PI), at least 1 immunomodulatory imide drug (IMiD), and an antiCD38 monoclonal antibody (mAb). This disease is referred to as “triple-class refractory”
multiple myeloma (MM), and patients with this disease have exhausted all treatment
options known to be effective.
Selinexor has a unique mechanism of action that offers a new pathway for treating
RRMM by selectively inhibiting XPO1, reactivating tumor suppressing proteins, and
inducing tumor cell apoptosis. It is a slowly reversible covalent inhibitor of XPO1 dosed
orally twice weekly. Selinexor in combination with low-dose dexamethasone (Sel+dex)
produces clinically meaningful responses in patients with triple-class refractory MM who
have exhausted all effective treatment options.
Karyopharm has submitted a New Drug Application (NDA) for selinexor using the
Accelerated Approval regulatory pathway, which allows drugs for serious conditions that
fill an unmet medical need to be approved based on a surrogate endpoint (overall
response rate; ORR) that is reasonably likely to predict a clinical benefit. There are
precedents for Accelerated Approvals in RRMM based on single-arm, Phase 2 studies in
recent years included the approvals of carfilzomib (in 2012), pomalidomide (in 2013),
and daratumumab (in 2015). These drugs were approved based on the surrogate endpoint
of ORR, which ranged between 22.9-29.2% in patients whose disease was single- or
double-refractory. For all 3 of these drugs, the ORR observed in the single-arm, Phase 2
study translated to a clinically meaninful benefit in progression-free survival (PFS) in the
confirmatory, Phase 3 studies, and subsequently granted regular approval by the Food
and Drug Administration (FDA).
The totality of the data from the pivotal, single-arm, STORM Part 2 study and 2
additional supportive studies demonstrate that selinexor fulfills the criteria for
Accelerated Approval in patients with triple-class refractory MM as highlighted below:
1. Multiple myeloma is an incurable, serious, and life-threatening disease. Despite
recently approved anti-myeloma therapies, survival in patients with heavily
pretreated MM is very short (3-5 months), and no approved treatments have
demonstrated efficacy in these patients.
2. Selinexor demonstrated a clinically meaningful ORR in STORM Part 2. Patients
with triple-class refractory MM who had a median of 7 prior treatment regimens
and who were treated with selinexor achieved an ORR of 25.4% (26.2% at the
time of the 90-day update), including 2 patients with stringent complete responses
(sCR) that were negative for minimal residual disease (MRD–).
3. The ORR associated with selinexor treatment is reasonably likely to predict
clinical benefit on OS in patients with triple-class refractory MM. The median
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OS in the pivotal Phase 2 study with selinexor was 8.0 months (8.6 months at the
time of the 90-day update), which is longer than published survival of patients
with heavily pretreated RRMM (median OS, 3-5 months).
The Food and Drug Administration (FDA) has agreed to the study design for the
randomized, confirmatory Phase 3 study (Study KCP-330-023/BOSTON) evaluating
bortezomib and dexamethasone ± selinexor. Enrollment in this study is complete, and
topline results on the primary endpoint of PFS are expected at the end of 2019.

1.1.

Background and Unmet Need

Multiple myeloma is the second most common hematological malignancy (after nonHodgkin lymphoma [NHL]), representing 1% of all cancers. The most recent census
estimates that there are more than 120,000 patients living in the United States of America
(US) who have been diagnosed with MM, with an estimated 30,000 new cases being
diagnosed in 2019. Patients with MM are typically older, with an average age at
diagnosis of 70 years.
Multiple myeloma is an incurable cancer with significant morbidity. The disease is
defined by the development of “end-organ” damage that as characterized by the “CRAB”
criteria which consists of high calcium levels, renal dysfunction, anemia, and bone
disease (bone pain, pathological fractures). In addition, MM is also associated with
thrombocytopenia, fatigue, peripheral neuropathy, hypogammaglobulinemia, and
recurrent infections. As the majority of patients with MM are older and they tend to have
many other comorbidities, including cardiovascular disease, diabetes, and pulmonary and
ocular disease.
In addition to alkylating agents, there are 3 major classes of anti-MM treatments that
have shown single-agent (±glucocorticoids) activity: IMiDs (lenalidomide, and
pomalidomide), PIs (bortezomib and carfilzomib), and the anti-CD38 mAb,
daratumumab. Several additional classes and products have been approved; however,
only in combination with an IMiD or a PI (Table 1). Low-dose dexamethasone is
commonly added to other agents, although it has minimal demonstrable activity as a
single agent in treating triple-class refractory MM.
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Table 3: Accelerated Approval Study Results for Carfilzomib, Pomalidomide, and
Daratumumab
Population / Agent

N

ORR (%)

DOR
(months)

OS
(months)

Dual-refractory MM (PI and IMiD)
Carfilzomib

266

22.9

7.8

15.6

Pomalidomide + dex

113

29.2

7.4

14.4

62

29.0

7.4

17.5

>3 lines, PI + IMiD refractory
Daratumumab

dex=dexamethasone; DOR=duration of response; IMiD=immunomodulatory drug;
MM=multiple myeloma; ORR=overall response rate; OS=overall survival;
PI=proteasome inhibitor.
Estimates from the literature demonstrate that contemporary patients with heavily
pretreated MM that is daratumumab refractory have an expected median OS of
3.5 months, due to a lack of therapies with documented clinical benefit in this population
(Figure 1; Pick 2018).
Results from the MAMMOTH natural history study and outcomes of patients with MM
refractory to CD38 mAbs reported patients with penta-refractory (and triple-class
refractory) MM having a median OS of 5.6 months. These patients had a median of
4 prior lines of therapy and 53% were refractory to second generation carfilzomib,
pomalidomide, and daratumumab at the index date. In addition, patients included in this
study had a median time from diagnosis of 4.2 years (50.1 months).
A separate natural history analysis was performed of patient data collected in the Flatiron
Health Analytic Database. A total of 64 patients with penta-exposed, triple-class
refractory MM were included in the analysis. The median real-world OS of patients with
penta-exposed, triple-class refractory MM was 3.7 months (Figure 1).
Figure 1: Overall Survival of Patients with Heavily Pretreated Multiple Myeloma

Source: Pick 2018 and data on file (for FHAD).
FHAD=Flatiron Health Analytic Database; HMC=Hadassah Medical Center; OS=overall survival.
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Currently, there are no approved treatments for patients with triple-class refractory MM.
The only options for these patients are clinical trials of experimental regimens, intensive
combination cytotoxic chemotherapy, retreatment with agents belonging to drug classes
to which their disease has already progressed (relapsed or refractory to the last treatment),
or hospice/palliative care. Therefore, there continues to be a high unmet medical need for
new therapies, particularly those with novel mechanisms that can induce rapid disease
control and responses in patients with MM whose disease is refractory to the available
classes of drugs. In addition, orally administered therapy is of value given the advanced
age, multiple comorbidities, and concomitant medications in patients with triple-class
refractory MM.

1.2.

Product Overview

Selinexor is an oral, first-in-class, selective inhibitor of nuclear export (SINE) compound
with a mechanism of action that is distinct from other approved anti-cancer therapies.
Selinexor specifically blocks the function of the protein XPO1. Exportin 1 is responsible
for the nuclear export and functional inactivation of major tumor suppressor proteins
(TSPs) such as p53, p73, BRCA1, FOXO, pRb, and IB (Figure 2). Exportin 1 also
augments levels of several oncoproteins such as c-myc, cyclin D1 and Bcl-XL. Exportin
1 is overexpressed in nearly all cancers including MM, thereby transporting and
inactivating TSPs at an excessive rate and permitting uncontrolled growth.
Overexpression of XPO1 also often correlates with poor prognosis, including in MM.
Figure 2: Exportin 1-Mediated Export of Tumor Suppressing Proteins

Abbreviations: IMP=importin; NPC=nuclear pore complex; TSP=tumor suppressor protein;
XPO1=exportin 1

Selinexor binds specifically to Cys528 of XPO1 to inhibit XPO1 function but does not
appear to affect other nuclear transporters, receptors or enzymes. By selectively blocking
XPO1 and preventing nuclear export, selinexor forces the accumulation of TSPs within
the nucleus, leading to their functional activation. The activated TSPs within the nucleus
will promote apoptosis in cancerous cells while sparing normal cells. The SINE
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compounds, including selinexor, have shown marked activity in different types of murine
models of MM. In addition, marked synergy/enhanced anti-myeloma activity was
observed in studies in which selinexor was combined with dexamethasone, PIs, and
IMiDs, and daratumumab.
1.2.1.

Selinexor in Combination with Dexamethasone

Preclinical studies show that selinexor induces the expression of the glucocorticoid
receptor (GR). When selinexor is combined with dexamethasone (Sel+dex) it increases
the transcriptional activity of GR, leading to an inhibition of several mitogenic and/or
inflammatory pathways, including NFb and mammalian target of rapamycin (mTOR).
These effects subsequently enhance the activity of selinexor.
While the single-agent activity of selinexor in MM cells appears to be GR-independent,
synergy with dexamethasone depends on GR expression. In addition, the Sel+dex
combination appears to be synergistic even in certain cell lines that are relatively resistant
to dexamethasone.
1.2.2.

Clinical Pharmacology

Selinexor is orally bioavailable, with a median tmax of 2 to 4 hours. The terminal phase
half-life (t1/2) of selinexor is approximately 6 hours and apparent clearance (CL/F) is 17.7
L/hr. In dose escalation studies in patients with advanced hematological and solid tumor
malignancies, selinexor exhibited linear pharmacokinetic (PK) and dose proportional
exposure (area under the concentration-time curve [AUC] and maximum concentration
[Cmax]). Repeat dosing of selinexor does not lead to substantial accumulation.
The effect of food on absorption and bioavailability of selinexor was evaluated and
showed no clinically relevant effect. Meals with low- or high-fat content did not have a
substantial effect on selinexor PK parameters.
Selinexor is a highly selective, slowly reversible covalent inhibitor of XPO1. It has a
long pharmacodynamic half-life of ~48 hours, which supports twice-weekly dosing. The
most frequent adverse events (AEs) associated with selinexor, are dose- and scheduledependent and can be optimized with intermittent dosing of 2 times per week.
1.2.3.

Indication and Dosing

The proposed indication for selinexor is for the treatment of patients with RRMM who
have received at least 3 prior therapies and whose disease is refractory to at least 1 PI, at
least 1 IMiD, and an anti-CD38 mAb (ie, triple-class refractory MM).
Patients with triple-class refractory MM have short survival (Pick 2018), and rapidly
progressing disease, thus requiring rapid disease control in order to halt the progression
and prevent comorbidities and death.
The selection of the dose and schedule was based on nonclinical and clinical data
including clinical efficacy, safety, PK, and pharmacodynamics. Nonclinical efficacy
models and animal toxicology studies showed that the optimal therapeutic window for
selinexor utilized intermittent (2 to 3 times per week) oral dosing.
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In the Phase 1 dose escalation study in patients with advanced hematological
malignancies (Study 001), selinexor was administered as monotherapy at weekly dose
ranging from 3 mg/m2 to 60 mg/m2 (~5 to ~100 mg) using different dosing schedules
(typically 2 to 3 times weekly on different dosing days during the week) in patients with
various hematological malignancies. Inhibition of XPO1 by selinexor leads to a rapid
increase in XPO1 mRNA levels (measurable in whole blood) and serves as the
pharmacodynamic assay. Based on this assay (and confirmed in in vitro biochemical
studies), the intranuclear half-life of selinexor is ~48 hours. These results indicated a
twice-weekly dosing schedule of selinexor would maintain the inhibition of XPO1. The
most frequently reported AEs included nausea, anorexia, fatigue, thrombocytopenia, and
anemia, which are generally reversible, and can be attenuated with prophylactic and
supportive care. Twice-weekly dosing was associated with lower levels of AEs and
better tolerability compared with dosing three times per week.
Based on nonclinical studies, the Sel+dex combination showed significantly greater
inhibition of tumor growth when compared with the agents administered individually.
Therefore, Study 001 also evaluated Sel+dex at selinexor doses of 45 mg/m2 (~80 mg)
and 60 mg/m2 (~100 mg) twice weekly plus dexamethasone 20 mg twice weekly. In
addition, many of the patients with RRMM who received selinexor at doses of 3035 mg/m2 also received dexamethasone (12-20 mg twice weekly).
The 45 mg/m2 (~80 mg) selinexor + 20 mg dexamethasone twice weekly dose was the
optimal dose that supported the longest time on therapy and conferred a high response
rate with an ORR of 50% (6 of 12 patients; 5 with a partial response [PR] and 1 complete
response [CR]) with fewer dose reductions as compared with a dose of 60 mg/m2. In
addition, patients with MM achieved better responses with the 45 mg/m2 dose compared
with a 30-35 mg/m2 dose where no partial responses (PRs) or complete responses (CRs)
and only minimal responses (MRs) were observed. Dosing on Days 1 and 3 was chosen
over other twice-weekly dosing options to maximum time to recover from side effects
(mainly nausea, anorexia, and fatigue) prior to dosing in the following week.
Therefore, the selinexor dose of 80 mg + dexamethasone 20 mg twice weekly (Sel+dex)
was chosen to evaluate further in the Phase 2 STORM study.
Results from STORM Part 1 (summarized in Section 8.3.9.1) helped to further confirm
the dose and schedule of Sel+dex specifically in patients with triple-class refractory MM.
Objective anti-MM activity was confirmed in the more heavily pretreated patients in
STORM Part 1 in quad- or penta-refractory MM (ORR 20.3%) dosed with an 80-mg flat
dose of selinexor + 20 mg dexamethasone. In addition, these results supported
continuation of the Sel+dex schedule of 8 doses during each 28-day cycle (ie, twice
weekly).

1.3.

Pivotal Study KCP-330-012/STORM Part 2

STORM Part 2 was designed to evaluate the efficacy and safety of selinexor 80 mg in
combination with dexamethasone 20 mg, each given twice-weekly, in patients with
penta-exposed, triple-class refractory MM (refractory to previous glucocorticoids, at least
1 PI, at least 1 IMiD, daratumumab, and to their most recent therapy). All patients were
required to have been treated with at least 3 lines of prior therapy, lenalidomide,
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90-day update data cutoff date), the ORR had increased to 26.2 (95% CI: 18.7, 35.0),
with 1 patient who previously had a MR achieving a PR. An MR (≥25% to <50%
reduction in MM protein) was achieved in 13.9% of patients, for a total clinical benefit
rate (CBR; defined as MR + ORR) of 39.3%. Of note, MR has been reported to be
associated with clinical benefit in patients with heavily pretreated RRMM (Siegel 2012,
Niesvizky 2008).
Figure 3: Overall Response Rate in STORM Part 2 (mITT Population; N=122)

Abbreviations: mITT=modified intent-to-treat.

A subgroup analysis of responses by prior therapy showed that selinexor conferred
consistent response rates regardless of prior treatment regimens including salvage
chemotherapy or autologous stem cell transplant with no cross-resistance to other
therapies (Figure 4). Patients who received daratumumab in combinations (70.5%) had
an ORR of 29.1%. Those patients whose disease was documented to be refractory to all
5 major agents (lenalidomide, pomalidomide, bortezomib, carfilzomib, and
daratumumab) also had a similar ORR of 25.3%. Moreover, 2 patients in STORM Part 2
relapsed following prior treatment with investigational CAR-T cell therapy; both of these
patients achieved a PR after initiating Sel+dex therapy. Patients who were Black
represented 17% of the mITT population and had an ORR of 33.3%. These results are
consistent with the novel mechanism of action of selinexor relative to existing agents.
Importantly, 71% of patients with a post-baseline measurement had a reduction in their
disease burden as measured by the standard M-protein markers (Figure 5).
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Figure 4: Subgroup Analyses of Overall Response Rate by Prior Therapy in
STORM Part 2 (mITT Population)

CBR=clinical benefit rate; Dara= daratumumab; ORR=overall response rate; mITT=modified intent-totreat; PI=proteasome inhibitor; IMiD=immunomodulatory agent

Figure 5: Reduction in Disease Burden in STORM Part 2 (mITT Population)

Abbreviations: mITT=modified intent-to-treat.
Note: As of the data cutoff date (24 April 2018), 10 patients had not completed a full disease post-baseline
assessment (typically as a result of rapidly progressive disease and/or an adverse event). These patients are
not included in the figure.

The median time to response was was 4.1 weeks (range 1-14 weeks). For patients who
achieved a response in STORM Part 2, the median duration of response was 4.4 months.
As shown in Figure 6, the median OS was 8 months (95% CI: 6.3, 11.3). This result is
considered clinically meaningful as all patients had rapidly progressing disease at
baseline with an estimated median survival of 3-5 months. With additional follow-up
(data cutoff of 17 August 2018), the median OS was 8.6 months (95% CI: 6.2, 11.3).
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Figure 6: Overall Survival in STORM Part 2 (mITT Population)

CI=confidence interval; OS=overall survival; mITT= modified intent-to-treat

In the single arm studies leading to approval of bortezomib, carfilzomib, and
daratumumab, a correlation between response and OS was also demonstrated. Although
these kinds of analyses within a single-arm study are subject to significant biases, they
did provide support for the correlation between response and clinical outcome for these
previously approved agents. Thus, as selinexor represents a novel mechanism for the
treatment of MM, a possible relationship between response and survival outcomes within
STORM Part 2 was explored with an analysis of OS as a function of best response during
the study. This analysis showed that OS was longer for patients who had ≥MR and ≥PR
as compared with patients with stable disease (SD) or PD/ not evaluable (NE) (Figure 7).
Figure 7: Overall Survival by Overall Response Rate in STORM Part 2 (mITT
Population)

Abbreviations: ORR=overall response rate; CBR=clinical benefit rate; mITT=modified intent to treat;
NE=not evaluable

Overall, results from STORM Part 2 demonstrate a clinically meaningful ORR of
selinexor in patients with triple-class refractory MM who have exhausted all other
effective treatment options of known clinical benefit and have an expected short survival.
Patients treated with Sel+dex achieved a 25.4% ORR (updated to 26.2% at time of the
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Thrombocytopenia
Thrombocytopenia may result from decreased platelet production due to underlying
myeloma bone marrow invasion and replacement, immune-mediated platelet destruction,
and the cumulative lasting effects of chemotherapy on the bone marrow. In addition,
even with normal peripheral platelet counts, patients enrolled in STORM had significant
bone marrow suppression and poor hematopoietic reserve due to prolonged MM and
multiple prior therapies. Selinexor itself can cause thrombocytopenia due to a reversible
slowing of maturation of megakaryocytes and a reduction in their average ploidy, leading
to reduced platelet production with recovery in 1-2 weeks. Therefore, thrombocytopenia
was included as an AESI.
In STORM Part 2, patients were allowed into the study with a platelet count of
≥75,000/µL or as low as 50,000/µL if their bone marrow had >50% plasma cells.
Accordingly, 15.6% of patients had ongoing thrombocytopenia at baseline. During the
study, 72 patients (58.5%) patients experienced Grade 3 or Grade 4 thrombocytopenia
(no Grade 5 events). As expected, the incidence of thrombocytopenia was linked to
baseline platelet counts. Patients with fewer than 100,000 platelets were much more
likely to report Grade 3 or 4 thrombocytopenia. Importantly, only three patients (2.4%)
experienced an SAE of thrombocytopenia, and four patients (3.3%) discontinued due to
thrombocytopenia.
Amongst patients with any grade of thrombocytopenia, 22 developed a bleeding event of
any grade within 5 days. Amongst the 72 patients with ≥Grade 3 thrombocytopenia, 18
and 5 patients developed a bleeding event of any grade or Grade ≥3, respectively.
Anorexia/Weight Loss
Patients with cancer commonly experience anorexia and weight loss, as well as other
associated symptoms including fatigue, weakness, and loss of energy. Selinexor can
cause anorexia which appears to be independent of nausea or other gastrointestinal
symptoms.
In STORM Part 2, 53.7% of patients experienced AEs of decreased appetite. Only 4.1%
of these AEs were Grade 3, and none were Grade 4. Similarly, 48.8% of patients
experienced AEs of weight decreased, and none of these events were Grade 3 or 4.
Two patients experienced AEs of both decreased appetite and weight decreased
≥Grade 3, both of which led to dose interruption; however, selinexor was restarted when
the patient’s appetite and weight returned.
Olanzapine or megesterol acetate were often effective in improving appetite in patients
with significant anorexia. Overall, events of anorexia and weight loss rarely resulted in
discontinuation of selinexor (anorexia, 1.6%; weight loss, 4.1%).
Hyponatremia
Due to the prevalence of hyponatremia in the populations exposed to selinexor,
hyponatremia was included as an AESI. Patients with MM have renal dysfunction,
particularly with poor electrolyte reclamation in the kidney. While the exact mechanism
by which selinexor may lead to hyponatremia is not known, the syndrome of
inappropriate antidiuretic hormone was ruled out as a cause in Phase 1 studies.
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In STORM Part 2, 16.3% of patients had Grade 1 and 2.4% had Grade 3 hyponatremia
(as determined by sodium levels) at baseline; there were no Grade 4 events at baseline.
Of note, Grade 2 hyponatremia is not defined in CTCAE, version 4.03. During the study,
hyponatremia was reported in 35.0% of patients. A total of 24 patients (19.5%)
experienced Grade 3 hyponatremia, and 1 patient (0.8%) experienced Grade 4
hyponatremia. Overall, 4 patients (3.3%) experienced an SAE of hyponatremia, and no
patients discontinued due to hyponatremia.
The lack of serious symptoms associated with hyponatremia and the rapid response to
standard treatments (eg, intravenous fluids, salt tablets) indicate that this AE is
manageable with dose modifications and ad hoc sodium supplements.
Infections
Patients with MM have a 7.1-fold higher risk of developing any type of infection as
compared with the general population. Pneumonia is the most common infection in
patients with MM, with an increased risk of 7.7-fold over age-matched controls. The risk
of sepsis in patients with MM is 15.6-fold higher than age-matched controls. A total of
54.5% of patients in STORM Part 2 experienced at least 1 TEAE of infection; with
25.2% of patient having an infection of Grade 3 or 4 severity.
Pneumonia was reported as an SAE in 14 (11.4%) patients. Twelve of the 14 patients
recovered from their pneumonia. The 2 cases of fatal pneumonia included 1 case of
respiratory syncytial virus and the other was possible aspiration. The pneumonia was
considered unrelated to Sel+dex by the Investigator in 11 patients. All patients with
pneumonia had long-term treatment with dexamethasone, prednisone, alkylating agents
and/or other immunosuppressive agents and had hypoglobulinemia and other risk factors
associated with infection.
Sepsis was reported by the Investigator in 12/123 (9.8%) of patients; 11 were SAEs and 1
was nonserious. Eight patients recovered from their sepsis events and 4 resulted in death.
In 7 patients, the infectious organism was identified: 3 patients had typical bacteria,
2 patients had Clostridium difficile (1 patient had a central venous catheter infection), and
2 patients had a fungal infection. The majority of these cases were non-neutropenic,
occurred in the context of disease progression after the patient had been off of selinexor
for >7 days, and were considered unrelated by the Investigator. All patients with reported
sepsis had long-term treatment with dexamethasone, prednisone, alkylating agents and/or
other immunosuppressive agents and had hypoglobulinemia and other risk factors
associated with infection.
Ocular Adverse Events
Long-term steroids, which are ubiquitous in the management of myeloma, are associated
with ocular AEs were included as an AESI. The analysis of this AESI included all
preferred terms under the System Organ Class (SOC) of Eye Disorders.
In STORM Part 2, 46.3% of the patients had cataracts at baseline. A baseline
ophthalmological exam was required per the protocol. Treatment-emergent ocular AEs
were reported in 20.3% of patients; the most commonly reported AEs included blurred
vision (9.8%) and cataracts (2%). The majority of eye disorder events were of mild and
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moderate severity, and management was not affected by the baseline ophthalmological
examination findings. An independent expert ophthalmological review and nonclinical
studies demonstrated that blurred vision was typically self-limiting and without objective
ophthalmological findings. In addition, selinexor could be given prior to and postcataract surgery without negative outcomes.
Other Comorbid Complications in Patients with RRMM
Renal impairment and neuropathy are other common comorbidities in patients with MM
and can limit the use of approved anti-myeloma agents.
Based on preclinical results, the kidney was not identified as a target organ for selinexor.
The urinary excretion of selinexor is minimal, and unchanged selinexor accounted for 1%
of elimination by kidney. The population PK analysis indicated that creatinine clearance
had no impact on the PK parameters of selinexor.
The STORM study allowed patients to enroll with renal impairment as long as they had a
creatinine clearance of ≥20 mL/min (which included some patients with severe renal
impairment). As a result, approximately 30% of patients had moderate or severe chronic
renal impairment at baseline.
The majority of cases of selinexor-associated acute kidney injury were consistent with
prerenal azotemia, often in the context of volume depletion or other cause of
hypoperfusion (both BUN and creatinine levels increased). In most cases, these were
rapidly correctable with volume repletion with no persistent renal damage.
Taken together, these results indicate that Sel+dex can be used in patients with renal
impairment, a common comorbidity in patients with RRMM.
Of note, patients were permitted to enroll in the study if they had ≤Grade 2 peripheral
neuropathy. Although neuropathy was commonly reported at baseline, few (7.3%)
patients reported a treatment-emergent adverse event (TEAE) of peripheral neuropathy
during STORM Part 2, with only 2 (1.6%) patients reporting Grade 3 neuropathy and no
Grade 4 events. There were no SAEs of peripheral neuropathy and none of the patients
discontinued treatment due to peripheral neuropathy.
Taken together, these results indicate that Sel+dex can be used in patients with
underlying peripheral neuropathy, a common comorbidity in patients with RRMM.

1.4.

Confirmatory Study, KCP-330-023/BOSTON

The study design for the confirmatory Phase 3 study (depicted in Figure 8) was discussed
and agreed to with the FDA and the European Medicines Agency prior to initiation of the
study. Enrollment in BOSTON is complete, and topline results in the primary endpoint
(PFS) are expected end of 2019. BOSTON is a randomized, open-label, multicenter
study designed to compare efficacy and assess safety of selinexor 100 mg + bortezomib
1.3 mg/m2 dosed once-weekly (for both) + low-dose dexamethasone 20 mg twice-weekly
versus bortezomib + dexamethasone (standard twice-weekly dosing as per the label) in
approximately 400 patients with RRMM who have received one to three prior lines of
therapy. After PD is confirmed by an IRC, patients in the control arm may cross over to
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the selinexor arm. As with other confirmatory studies in MM, the primary endpoint is
PFS.
Figure 8: Design of Confirmatory Study, Study KCP-330-023/BOSTON

Abbreviations: ORR=overall response rate; PFS=progression-free survival
Bortezomib is administered subcutaneously; selinexor and dexamethasone are administered orally.
* In this arm, the dose of bortezomib is 40% lower, and the dose of dexamethasone is 25% lower than comparator arm.
** For Cycles ≥ 9, 1.3 mg/m2 on Days 1, 8, 15, and 22.
***For Cycles <9, 20 mg on Days 1, 2, 4, 5, 8, 9, 11, 12. For Cycles ≥ 9, 20 mg on Days 2, 8, 9, 15, 16, 22, 23, 29, and
30.
1 PFS primary endpoint used for prior RRMM Accelerated Approval confirmatory studies.

1.5.

Benefit/Risk Discussion

The totality of the clinical data with selinexor 80 mg + dexamethasone 20 mg in patients
with triple-class refractory MM support the contention that selinexor induced responses
are reasonably likely to predict clinical benefit. Patients with triple-class refractory MM
have a variety of comorbid conditions, polypharmacy, and a very poor prognosis, with an
estimated survival of 3-5 months. Treatment with oral selinexor in this patient population
from STORM Part 2 produced an ORR of 25.4% (updated to 26.2% at the 90-day
update), which met the prespecified endpoint of the study and is in line with other
treatments approved for MM in patients with less refractory disease. The mean time to
response was rapid – typically within the first 3 to 4 weeks – which is particularly
important to these patients with rapidly progressing disease and a life expectancy of 3 to
5 months. The median DOR was 4.4 months. The responses and disease control
achieved by selinexor translated into an OS of 8.0 months (updated to 8.6 months at the
90-day update). The Phase 3 confirmatory study (Study KCP-330-023/BOSTON) is fully
enrolled, with top-line efficacy results anticipated by end of 2019.
Selinexor has a well-characterized safety profile for patients with advanced, refractory
MM with multiple comorbidities and prior treatments. The safety profile of selinexor is
manageable and should be viewed in the context of this patient population that has a short
life expectancy and is prone to side effects given their age, comorbidities, limited organ
function and suppressed hematopoietic system. The most common AEs in STORM
Part 2 were thrombocytopenia, anemia, nausea, fatigue, and decreased appetite. These
AEs were typically reversible and manageable with dose reductions. Dose reductions
were effective for minimizing discontinuations and are expected following a starting dose
to induce disease control. While many patients experienced SAEs, few were determined
by the Investigator to be related to selinexor treatment. As expected, the majority of
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deaths in the study were due to PD; 10 deaths were due to AEs, and 2 (1 pneumonia and
1 sepsis) were assessed by the Investigator to be related to selinexor treatment. Key AEs
of interest including thrombocytopenia, anorexia/weight loss, and hyponatremia are
typically reversible and manageable with periodic monitoring (CBC, body weight, serum
sodium) that is recommended every weekly for the first 8 weeks, and then at least
monthly thereafter. In addition, standard interventions and/or dose modifications can
attenuate the severity and duration of these AEs.
Overall, these results support the approval of oral Sel+dex for patients with triple-class
refractory MM. Selinexor has a mechanism of action that is different from any other
approved therapies for MM with a convenient oral administration, offering patients a
novel approach to treat their disease, with an all-oral regimen that can be taken at home.
The benefits observed with selinexor are likely to predict an improvement in OS for
patients with advanced disease. The majority of the side effects associated with Sel+dex
are reversible, manageable, and/or preventable with standard supportive care. Based on
the well-characterized safety profile of selinexor, physicians will able to prevent, monitor
and manage treatment-emergent events. The benefits of selinexor outweigh the risks for
a group of patients who have no other treatment options of known therapeutic benefit.
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4.

DISEASE BACKGROUND

4.1.

Overview of MM

4.1.1.

General Aspects of Multiple Myeloma

Multiple myeloma is the second most common hematological cancer and is incurable.
Multiple myeloma (MM) typically affects adults who are >60 years of age and is an
incurable hematological malignancy. Multiple myeloma is the second most common
hematological malignancy (after non-Hodgkin’s lymphoma [NHL]), representing 1% of
all cancers, 10% of all hematological malignancies, and 2% of all cancer deaths. The
most recent census estimates that there are over 120,000 patients living in the United
States (US) who have been diagnosed with MM, with an estimated 30,000 new cases
being diagnosed in 2019 (Siegel 2019). More than 12,900 deaths in the US were
attributed to MM in 2019 (Siegel 2019).
Multiple myeloma is an incurable cancer with significant morbidity. The disease is
defined by the development of “end-organ” damage that as characterized by the “CRAB”
criteria which consists of high calcium levels, renal dysfunction, anemia, and bone
disease (bone pain, pathological fractures). In addition, MM is also associated with
thrombocytopenia, fatigue, peripheral neuropathy, hypogammablobulinemia, and
recurrent infections. As the majority of patients with MM are older, they tend to have
many other comorbidities, including cardiovascular disease, diabetes, and pulmonary and
ocular disease.
Despite the number of approved treatment options including alkylating agents,
immunomodulatory imide drug (IMiDs), proteasome inhibitor (PIs), and, most recently,
the anti-CD38 monoclonal antibody (mAb), daratumumab, nearly all patients will
eventually relapse and develop disease refractory to approved anti-MM therapies. Table
14 provides the definitions of refractory stages associated with MM.
Table 14: Defining Refractory Myeloma
Category

Definition

Refractory MM

No response (response is defined as minimal response or better) or
progression within 60 days of last dose

Single-refractory MM

MM which is refractory to either a PI or an IMiD

Double-refractory MM

MM which is refractory to both a PI or an IMiD

Quad-refractory MM

MM which is refractory to bortezomib, carfilzomib, lenalidomide,
pomalidomide

Triple-class refractory
MM

MM which is refractory to at least 1 PI, 1 IMiD, and a CD-38 mAb (eg,
daratumumab)

Penta exposed, tripleclass refractory MM

Triple-class refractory MM which was treated with bortezomib,
carfilzomib, lenalidomide, pomalidomide, and daratumumab

IMiD=immunomodulatory imide drug; MM=multiple myeloma; PI=proteasome inhibitor.
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Available Treatments for Multiple Myeloma

Recent accelerated approvals in multiple myeloma have been based on single-arm, phase
2 studies.
The treatment of MM has improved in the last 20 years due to the use of high-dose
chemotherapy (ie, alkylating agents) and autologous stem cell transplantation (ASCT),
the introduction of IMiDs (such as thalidomide, lenalidomide, and pomalidomide), PIs
(bortezomib and carfilzomib), and more recently, the anti-CD38 mAb, daratumumab.
However, nearly all patients will eventually relapse and develop disease that is refractory
to approved anti-myeloma therapies.
Several therapies have received accelerated approval in patients with single- or doublerefractory MM, including carfilzomib, pomalidomide, and daratumumab (summarized in
Table 15).
•

The pivotal study supporting accelerated approval of carfilzomib was a singlearm, multicenter clinical study in patients with relapsed MM who had previously
received at least 2 prior therapies (including bortezomib and thalidomide and/or
lenalidomide). Patients had received a median of 5 prior lines of therapy. The
ORR was 22.9% (61/266), and the median duration of response (DOR) was
7.8 months.

•

For pomalidomide, the pivotal study supporting accelerated approval was a Phase
1/2, multicenter, randomized, open-label, dose-escalation study in patients with
relapsed refractory multiple myeloma (RRMM) that was refractory to their last
myeloma therapy and had previously received lenalidomide and bortezomib.
These patients had received a median of 5 prior lines of therapy. Pomalidomide
demonstrated an ORR of 29.2% (n=33/113), while pomalidomide plus low-dose
(40 mg weekly) dexamethasone resulted in an ORR of 29% with a median DOR
of 7.4 months.

•

The pivotal study supporting accelerated approval of daratumumab was an openlabel trial evaluating daratumumab monotherapy in patients with doublerefractory (to a PI and an ImID) MM. These patients had received a median of
5 prior lines of therapy. The ORR was 29.2%; 95% CI (20.8, 38.9). The median
DOR was 7.4 months (range: 1.2 to 13.1+ months). An ORR of 29.0% (18/62)
was reported for daratumumab in patients with quad-refractory MM (refractory to
2 IMiDs and 2 PIs).

For all 3 of these agents, after receiving accelerated approval, the clinical benefit of the
agent was confirmed in a subsequent randomized study.
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Table 15: Accelerated Approval and Confirmatory Study Results for Carfilzomib,
Pomalidomide, and Daratumumab
Population / Agent

N

ORR
(%)

DOR
(months)

OS
(months)

Expected
OSa

Dual-refractory MM (PI and IMiD)
Carfilzomib

266

22.9

7.8

15.6

9.0

Pomalidomide + dex

113

29.2

7.4

14.4

9.0

29.0

7.4

17.5

15.2

>3 lines, PI + IMiD refractory
Daratumumab
a

62

Based on natural history studies.

Other approved anti-MM agents such as pegylated liposomal, elotuzumab, panobinostat,
or ixazomib, have not shown activity unless used in combination with a PI or IMiD; these
agents are only approved in combination in patients with 1-3 prior therapies.
Appendix A summarizes recent approved therapies for MM and their relationship to the
population of patients enrolled in pivotal study KCP-330-012/STORM (hereafter referred
to as STORM).
Currently, there are no approved treatment modalities with demonstrated clinical benefit
for patients with triple-class refractory MM. Daratumumab has shown great promise in
the treatment of MM patients, both in early lines as well as in advanced patients who
failed multiple therapies (Usmani 2016, Pick 2018). Daratumumab in combination with
IMiDs or bortezomib showed strong anti-MM activity based on ORR and progressionfree survival (PFS) in RRMM; however, in patients with quad-exposed, double-class (PI
and IMiD) refractory or penta-exposed, triple-class refractory MM, the effectiveness of
these combinations is significantly reduced (Lakshman 2017, Pick 2018). The only
available options for these patients are investigative agents (ie, enrollment in a clinical
trial), retreatment with previously used therapy, or best supportive care. As such, there is
a high unmet medical need for new therapies, particularly those with novel mechanisms
that can prevent progressive disease (PD) and improve the overall survival (OS) of
patients with triple-class refractory MM (Usmani 2016, Pick 2018).
In addition, given the advanced age, multiple comorbidities, and concomitant
medications of most patients with triple-class refractory MM, oral agents may be
particularly useful.
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Patients with Heavily Pretreated Relapsed, Refractory
Multiple Myeloma

Patients with relapsed/refractory multiple myeloma have multiple underlying medical
issues.
4.3.1.

Patient Characteristics of Patients with Relapsed, Refractory MM

Patients with RRMM tend to be older (average age is 67 years based on a real-world
analysis). They also tend to have multiple comorbidities (mean of 7; (Ramsenthaler
2016a), requiring concomitant medications, and have cumulative toxicities (such as
neuropathies and cytopenias) resulting from prior anti-MM therapies.
In a meta-analysis of 34 clinical studies, including data from 3023 patients with MM, the
most common symptoms in patients with RRMM reported included fatigue (98.8%), pain
(73%), constipation (65.2%), and tingling in the hands/feet (53.4%; Ramsenthaler
2016a). Furthermore, the frequency and severity of comorbidities appears to increase as
patients with RRMM are exposed to subsequent treatment regimens; resulting in a higher
number of comorbidities than patients who have been newly diagnosed with MM
(Ramsenthaler 2016b).
The ongoing progression of the disease results in cumulative end organ damage (eg,
renal, cytopenias, infections, and bone weakening). Many of these patients with tripleclass refractory myeloma also present with high-risk cytogenetics, have previously
received multiple prior lines of therapy, and have become refractory to those treatments.
4.3.2.

Triple-class Refractory Multiple Myeloma

Triple-class refractory multiple myeloma is a new population of patient who have a
median overall survival of 3 to 5 months.
Patients with triple-class refractory MM have disease refractory to at least 1 PI, 1 IMiD,
and an anti-CD38 mAb (such as daratumumab). These patients, who have had at least
3 prior regimens, have generally been exposed to all 5 drugs that have demonstrated
single-agent activity (with or without glucocorticoids), including bortezomib,
carfilzomib, lenalidomide, pomalidomide, and daratumumab. Most of these patients have
already received alkylating agent therapy, other anti-MM drugs, as well as multiple
courses of glucocorticoids.
As patients with triple-class refractory MM is a relatively recent population resulting
from the recent approval and wide spread use of daratumumab, limited studies have been
performed to understand the natural history of patients with triple-class refractory
myeloma. In a recent retrospective study evaluating heavily pretreated patients with MM
receiving daratumumab, the OS of patients with disease refractory to daratumumab was
3.5 months (Pick 2018).
Results from a contemporary multicenter, retrospective study investigating the natural
history and outcomes of patients, at 14 academic centers, with MM refractory to CD38
mAbs (the MAMMOTH study) was recently presented. For the 75 patients who were
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penta-refractory (and triple-class refractory), their median OS was 5.6 months with an
index data set as the first time the patient met the criteria of penta-refractory and tripleclass refractory. These patients had a median of 4 prior lines of therapy and 53% were
refractory to second generation carfilzomib, pomalidomide, and daratumumab at the
index date. In addition, patients included in this study had a median time from diagnosis
of 4.2 years (50.1 months) at the time of initiation of the index regimen (Gandhi 2018).
Given the limited studies establishing the survival in patients with triple-class refractory
MM, an additional study was initiated to characterize the real-world OS in patients with
triple-class refractory MM. This study was completed using data captured in the Flatiron
network. This network is comprised of community and academic cancer centers across
the United States. The Flatiron Health Analytic Database (FHAD) includes information
on 2 million active patients collected from 2500 clinicians at 265 clinics. Patients were
identified and included in the analysis if they had documented penta-exposed, triple-class
refractory MM and met the eligibility criteria of the STORM study. Patients were
excluded if they had a baseline Eastern Cooperative Oncology Group performance status
(ECOG PS) of 3 or 4.
Based on these criteria, a total of 64 patients were identified from the FHAD to be
included in the analysis. The median unadjusted real-world OS of patients with pentaexposed, triple-class refractory MM was 3.7 months. In MAMMOTH, nearly all (90.5%)
of the patients had received at least 1 anti-MM therapy after becoming triple-class
refractory; whereas, this occurred in ~50% of patients in the FHAD. This difference
could affect the median OS as those patients who received additional therapy would be
expected to have a longer survival.
Figure 9:

Overall Survival of Patients with Heavily Pretreated Multiple
Myeloma

Source: Pick 2018 and data on file (for FHAD).
FHAD=Flatiron Health Analytic Database; HMC=Hadassah Medical Center; OS=overall survival.

There are no approved therapies for patients with triple-class refractory MM. The
marked efficacy of daratumumab in combination with IMiDs or bortezomib in earlier
lines of therapy is significantly reduced when used in real-world patients with quadexposed, double-class (PI and IMiD) refractory or penta-exposed, triple-class refractory
MM (Lakshman 2017, Pick 2018). The only available options for these patients are
investigational agents (ie, enrollment in a clinical trial), retreatment with previously used
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therapy, intensive multi-agent cytotoxic chemotherapy, or best supportive care. As such,
there is a high unmet medical need for new therapies, particularly those with novel
mechanisms that can prevent PD and improve the OS of patients with triple-class
refractory MM.
In addition, given the advanced age, multiple comorbidities and concomitant medications
of most patients with triple-class refractory MM, oral agents may be particularly useful.
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Proposed Indication
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Selinexor, an oral exportin 1 (XPO1) inhibitor, is indicated, in combination with
dexamethasone, for the treatment of patients with RRMM who have received at least 3
prior therapies and whose disease is refractory to at least 1 PI, at least 1 IMiD, and an
anti-CD38 mAb.

5.2.

Dosing Regimen

The proposed dose for selinexor for patients with triple-class refractory MM is 80 mg
plus low-dose (20 mg) dexamethasone (Sel+dex), each administer orally twice weekly.

5.3.

Mechanism of Action and Toxicology

5.3.1.

Selinexor as a Selective Inhibitor of Nuclear Export

Selinexor is an oral, first-in-class, potent selective inhibitor of nuclear export.
Selinexor (also known as KPT-330) is an oral, first-in-class, slowly reversible covalent,
potent selective inhibitor of nuclear export (SINE) compound that specifically blocks
XPO1.
Neoplasms must inactivate most if not all of the >10 major tumor suppressor proteins
(TSP) pathways in order to perpetuate their malignant phenotypes (Sharpless 2007).
Generally, the activity of the TSPs requires their nuclear localization. Conversely, export
out of the nucleus inactivates TSPs ability to regulate cellular processes (Xu 2010).
Cancer cells enhance nuclear export of TSPs to evade normal deoxyribonucleic acid
(DNA)-damage control mechanisms as well as to resist antineoplastic therapy.
The nuclear pore is a complex proteinaceous gate between the nucleus and cytoplasm,
regulating the transit of most macromolecules. Transport through the pore requires
carrier molecules called karyopherins, which include importins and exportins (Chook
2011, Fornerod 1997, Kau 2004, Kudo 1999). Exportin 1 mediates the nuclear export of
~200 eukaryotic proteins including the major TSPs, and cell cycle and regulators of
inflammatory responses (Senapedis 2014, Kau 2004, Siddiqui 2012).
The messenger ribonucleic acid (mRNA) and protein levels of XPO1 are elevated in all
tumor types tested and higher XPO1 levels has been demonstrated to be correlated with
poor prognosis and/or resistance to chemotherapies (Chen 2016, Tai 2014, Schmidt
2013). Evaluation of malignant plasma cells from patients with MM showed that XPO1
expression was higher in MM cells when compared with normal plasma cells and with
bone marrow stromal cells and was associated with poorer patient outcome and extent of
bone lytic lesions in patients with MM (Tai 2014).
Selective inhibition of XPO1 prevents the nuclear export of key TSPs and cell cycle
regulators (eg, p53, pRb, FOXO1A, FOXO3A, p27, survivin, IB, and PP2A). Because
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XPO1 inhibition does not affect the nuclear import of proteins, this leads to an
accumulation of these proteins in the nucleus (Figure 10; Senapedis 2014). Forced
nuclear retention of TSPs leads to their functional activation, including restoration of
normal cell-cycle checkpoints (Turner 2012). In addition, blocking XPO1 activity
prevents eukaryotic translation initiation factor 4e (eIF4E)-mediated nuclear export of
several key oncogenic mRNAs (eg, c-Myc, Bcl-2, Bcl-6, Bcl-xL, MDM2, and cyclin
D1). Nuclear retention of these oncogenic mRNAs leads to reductions in the translation
and expression of these proto-oncoproteins (Culjkovic 2006).
Figure 10:

Nuclear Export of Proteins with Nuclear Export Sequences by XPO1

Abbreviations: IMP=importin; NPC=nuclear pore complex; TSP=tumor suppressor protein;
XPO1=exportin 1

5.3.2.

Mechanism of Action of Selinexor

Selinexor is a slowly reversible (with a half-life of ~24 hours), potent SINE compound
that specifically blocks XPO1 with time and concentration dependent reversibility.
Exportin 1 inhibition by selinexor leads to a marked accumulation of TSPs in the nucleus
of cells, cell cycle arrest, and apoptosis of cancer cells. Selinexor demonstrated potent
pro apoptotic activity across a broad panel of tumor-derived cell lines and patient samples
in vitro; normal cells typically underwent (or remained in) cell cycle arrest but were
resistant to apoptosis. Selinexor has shown broad-spectrum activity across multiple
mouse models of hematological and solid tumor cancers with a minimal efficacious dose
of 10-15 mg/kg administered 2 to 3 times per week, corresponding to a weekly human
dose of 100-150 mg of selinexor. At effective doses, selinexor shows selective
cytotoxicity to tumor cells while sparing normal hematopoietic cell function.
Selinexor and other SINE compounds have demonstrated potent activity in murine
models of MM.
•

In the MM.1S xenograft model, nearly 100% tumor growth inhibition was
observed following selinexor treatment of ≤15 mg/kg (2 to 3 times weekly)
without apparent overt toxicity
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•

In the H929 xenograft model, selinexor treatment at 10 mg/kg given 3 times
weekly resulted in tumor growth inhibition of 62% was observed and <10%
weight loss

•

In an orthotopic model, SINE compounds (KPT-251 and KPT-276) induced
significant anti-MM activity and inhibited MM-induced bone lysis

•

In the Vk*MYC transgenic model (which mimics MM disease development from
indolent disease), treatment with the SINE compound KPT-276 reduced M-spike
levels, indicative of regression of the disease

Inhibition of XPO1 by SINE compounds results in an increase in XPO1 mRNA which
was used as a pharmacodynamic assay. Maximal XPO1 mRNA fold induction (Fmax)
was typically reached between 4- and 8-hours post dose and coincided with the selinexor
maximum concentration (Cmax) for most doses. Direct comparison of mean XPO1
mRNA Fmax and selinexor plasma Cmax values at escalating doses demonstrated a
significant correlation with a Pearson R2 value of 0.5988 (p=0.0412), while the
correlation between XPO1 mRNA fold area under the concentration-time curve (AUC)
and selinexor plasma AUC trended towards significance (p=0.097).
5.3.3.

The Interaction of Selinexor and Dexamethasone; Basis for Combination
Therapy

In the presence of glucocorticoids, XPO1 inhibition leads to nuclear retention and
upregulation of activated, phosphorylated glucocorticoid receptor (GR) (Chen 2014,
Argueta 2018). Selinexor and dexamethasone (Sel+dex) in combination were found to
have a synergistic effect on reducing the viability of human MM cells relative to either
drug alone. Selinexor enhances the transcription and translation of GR, increasing GR
levels overall. Dexamethasone then activates GR, leading to a synergistic enhancement
of GRs antitumor transcriptional activity and cell death. In addition, increases in GR
protein levels result in a stronger inhibition of the mitogenic NF-kB pathway (Tai 2014).
While the single agent activity of selinexor in MM cells appears to be GR-independent,
synergy with dexamethasone depends on GR expression.
5.3.4.

Toxicology Studies

The comprehensive toxicology program included single-dose and repeat-dose toxicity,
genotoxicity, carcinogenicity, reproductive and developmental toxicity, local tolerance,
and other toxicity study studies. Selinexor dosing was 2 to 3 times weekly in the rat and
monkey toxicology studies, which is similar to the clinical dosing regimen of twice
weekly. The main side effects in repeat dose 13-week toxicity studies in rats and
monkeys were similar and included reduced food intake leading to weight loss, lymphoid
depletion, and cytopenias. These effects were largely reversible with the cessation of
treatment.
Selinexor showed no effects on cardiovascular function (electrocardiogram [ECG] and
cardiac parameters) in monkeys. Based on these results, selinexor has limited potential
for cardiovascular effects in humans.
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No treatment-related ocular changes (intra-ocular pressure measurements, cornea
thickness [pachymetry]), macroscopic, and microscopic examinations (eye, eyelid, and
lacrimal gland) were observed in male cynomolgus monkeys dosed with selinexor
3 mg/kg 3 times weekly for 6 weeks or 2 times weekly for 9 weeks.
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6.

REGULATORY and DEVELOPMENT HISTORY

6.1.

Regulatory History

Table 16 summarizes the key interactions that have occurred with the agency regarding
the development of selinexor.
Table 16:

Key Regulatory Interactions with the FDA

Meeting/event

Date

Orphan drug designation

05 January 2015

Type C meeting (topic: Study KCP-330-012/STORM
study design)

05 September 2016

Type C meeting (topic: Study KCP-330-012/STORM
statistical analysis plan)

31 January 2018

Fast track designation

02 April 2018

Type B pre-NDA meeting

22 June 2018

NDA submission

06 August 2018

Priority review granted

05 October 2018

6.2.

Clinical Development of Selinexor

Selinexor is being evaluated in a wide range of malignancies across 20 different clinical
trials.
Selinexor has demonstrated broad antitumor activity in hematologic and solid tumors.
Due to its broad mechanism of action, selinexor is being evaluated in multiple Phase 1
and 2 clinical trials as well as ongoing Phase 3 studies in various malignancies including
MM, diffuse large B-cell lymphoma (DLBCL), glioblastoma multiforme, endometrial
cancer, and liposarcoma. To date, over 2600 patients with hematologic or solid tumor
malignances have received selinexor alone or in combination with other anticancer agents
in company-sponsored trials or Investigator-sponsored trials (IST). The most prominent
single-agent activity (±dexamethasone) of selinexor, to date, has been observed in
patients with RRMM and in NHL, with responses and prolonged stable disease (SD)
observed across a number of hematologic and solid tumors.
A summary of the Karyopharm-sponsored clinical studies evaluating selinexor included
in the New Drug Application (NDA) submission is provided in Appendix B.
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The current NDA submission is in support of selinexor plus low-dose dexamethasone for
the treatment of patients with RRMM who have received at least 3 prior lines of therapy
and whose disease is refractory to at least 1 PI, 1 IMiD, and 1 anti-CD38 mAb.
6.2.1.1.

Selinexor as Single-agent Therapy (± Dexamethasone)

Two studies have evaluated selinexor as a single agent for the treatment of RRMM.
Study 001 was a Phase 1, open-label, dose-escalation study to evaluate the safety and
tolerability of oral selinexor and to determine the recommended Phase 2 dose (RP2D) in
patients with hematologic malignancies, including patients with RRMM. A total of 286
patients with various previously treated hematologic malignancies were enrolled, of
whom 81 had RRMM. This study established the RP2D of selinexor 80 mg plus
dexamethasone 20 mg twice weekly.
The STORM study was a global, Phase 2b, multicenter, open-label study designed to
evaluate the efficacy and safety of Sel+dex in patients with penta-exposed, triple class
refractory MM (Part 2 and Part 1) or patients with quad-exposed, double-class refractory
MM (Part 1 only). Part 1 was initiated first and results from these patients confirmed the
RP2D dose in both sets of patients (quad-exposed, double-class refractory and pentaexposed, triple-class refractory). Based on an interim analysis of Part 1, the study was
expanded to include Part 2 which focused only on the triple-class refractory population.
Part 2 of STORM is the pivotal analysis for the NDA submission.
6.2.1.2.

Study KCP-330-023/BOSTON, a Confirmatory, Phase 3 Study

As a post-approval requirement, Karyopharm will complete the BOSTON study (A Phase
3 Randomized, Controlled, Open-label Study of Selinexor, Bortezomib, and
Dexamethasone vs. Bortezomib and Dexamethasone in Patients with RRMM) to
demonstrate and confirm the clinical benefit observed in STORM.
BOSTON is a 2-arm, randomized, active comparator-controlled, open-label, multicenter
study that will compare the efficacy, safety, and health-related quality of life (QoL) of
selinexor (100 mg QW [once weekly]) plus bortezomib (1.3 mg/m2 QW) plus low-dose
dexamethasone (20 mg twice weekly) (the selinexor plus bortezomib plus low-dose
dexamethasone [SVd] dose regimen) versus bortezomib (1.3 mg/m2 twice weekly) plus
low-dose dexamethasone (both administered orally twice weekly) (the bortezomib plus
low-dose dexamethasone [Vd] dose regimen) in adult patients with RRMM who have
received 1 to 3 prior anti-MM regimens. Any patient randomized to receive Vd who
experiences PD (confirmed by an Independent Review Committee [IRC]) will be
permitted to cross over to SVd (or if intolerant to bortezomib, to Sel+dex treatment).
The dose of study treatment was based on interim results from the Phase 1/2 Study KCP330-017/STOMP. In the dose escalation phase of this study, 5 different dose regimens of
selinexor were evaluated (ranging from 60 mg twice weekly to 100 mg QW) in
combination with bortezomib 1.3 mg/m2 QW plus low-dose dexamethasone. The 100mg QW regimen of selinexor was selected as the RP2D based on efficacy (ORR of 58%)
and tolerability. Across all doses, the ORR was 63% and the PFS was 9.0 months (Bahlis
2018).
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Enrollment in BOSTON is completed; as of 17 August 2018, 275 patients have been
enrolled and randomized to treatment in BOSTON internationally.
Figure 11: Design of KCP-330-023/BOSTON, a Phase 3 Confirmatory Study

Abbreviations: ORR=overall response rate; PFS=progression-free survival.
Bortezomib is administered subcutaneously; selinexor and dexamethasone are administered orally.
* In this arm, the dose of bortezomib is 40% lower, and the dose of dexamethasone is 25% lower than comparator arm.
** For Cycles ≥ 9, 1.3 mg/m2 on Days 1, 8, 15, and 22.
***For Cycles <9, 20 mg on Days 1, 2, 4, 5, 8, 9, 11, 12. For Cycles ≥ 9, 20 mg on Days 2, 8, 9, 15, 16, 22, 23, 29, and
30.
1 PFS primary endpoint used for prior RRMM Accelerated Approval confirmatory studies.
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Clinical Pharmacology

Clinical pharmacology was investigated in 7 clinical studies. The studies consisted of
dose escalation in patients with hematologic malignancies (Study KCP-330-001), dose
escalation in patients with advanced solid tumor malignancies (Study KCP-330-002),
bioequivalence and food effect study in patients with soft tissue or bone sarcoma (Study
KCP-330-003), and Phase 2 studies in patients with various advanced HM (Study KCP330-008 in AML, Study KCP-330-009 in patients with diffuse large B-cell lymphoma,
and Study KCP-330-010 in Richter’s Transformation), including the pivotal Study KCP330-012 in patients with heavily pretreated quad- and penta-refractory MM.
Noncompartmental analyses were used for the estimation of plasma pharmacokinetic
(PK) parameters of selinexor and the transisomer- KPT-375 (where applicable) in the
above-mentioned studies. In the Phase 2 studies (Studies KCP-330-008, KCP-330-009,
KCP-330-010, and the pivotal study KCP-330-012), sparse PK samples were collected,
and a population PK (PopPK) approach was used to estimate the PopPK parameters,
interpatient variability, covariates, and characterization of the exposure-response
analyses. The PopPK model was developed using pooled data from 721 patients in
7 clinical studies. The model was used to investigate dosing recommendations and any
requirement for adjustments in special populations for hepatic and renal impairment and
drug interactions. The QT modeling included data for PK time-matched QTc from
85 patients from Studies KCP-330-001 and KCP-330-003.

7.1.

Pharmacokinetics

Selinexor exhibited linear and dose proportional pharmacokinetic profile when dosed
twice weekly.
7.1.1.

Absorption, Distribution, Metabolism, Excretion

Selinexor is orally bioavailable. The absorption is moderately rapid with a median tmax of
2 to 4 hours. The plasma protein binding of selinexor is greater than 95% and is not
concentration dependent.
Selinexor as an unchanged parent compound is the major circulating moiety in human
plasma. The most common circulating metabolite (<5% of peak of parent levels) is the
trans-isomer of selinexor, designated KPT-375. This isomer, which likely derives from
cis-trans isomerization of selinexor, has ~10% of the XPO1 inhibiting activity of
selinexor and no other known biological properties.
Based on quantitation of selinexor in human urine in Study 003, urinary excretion is a
minor elimination pathway for selinexor. Total recovery was 93% suggesting minimal
long-term retention of selinexor or its metabolites. The terminal phase half-life (t½) of
selinexor was approximately 6 hours with an apparent clearance (CL/F) of 17.7 L/hr.
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Dose-Linearity and Time-Dependent Pharmacokinetics

In dose-escalation studies in patients with advanced hematological and solid tumor
malignancies (Studies 001 and KCP-330-002, respectively), selinexor exhibited linear
PK, and dose proportional exposure (AUC and Cmax). Selinexor was dosed twice (or
once) weekly and no substantial accumulation was evident following repeat dosing.
7.1.3.

Population Pharmacokinetics

Population PKs of selinexor in the adult population were well described by a 1compartment structural model with first order absorption, absorption lag time, and firstorder elimination, parameterized in terms of CL/F, volume of distribution (V/F) and
absorption rate constant (ka). The model structure and PK parameters were consistent
and selinexor exhibited a predictable PK profile, confirming results from early clinical
reports of Phase 1 studies.

7.2.

Drug Interactions

The potential of drug-drug interactions with selinexor is low.
The potential for drug interaction due to inhibition of major human cytochrome (CYPs)
(CYP 1A2, 2B6, 2C8, 2C9, 2C19, 2D6 and 3A4/5) is low (all IC50s for CYP inhibition
>10 μM), including CYP3A4/5 (IC50 of 24 μM). No demonstrable CYP induction by
selinexor was observed in vitro. Selinexor did not inhibit solute carrier transporters
except for marginal inhibition of OATP1B1 and 1B3. Based on in vitro results, selinexor
twice-weekly is not expected to alter the exposures of other drugs.
Selinexor is not a substrate for major transporters (eg, breast cancer resistance protein
[BCRP], Pgp, OATP1B1, OATP1B3, OAT1, OAT3, OCT1, OCT2, and MATE2).
Results from in vitro phenotyping studies indicated that selinexor is metabolized by
CYP3A4 and to a lesser extent by CYP2C9 and various UGTs. In addition, conjugation
with glutathione (GSH) and racemization to the trans form are other transformation
pathways for selinexor. As multiple transformation pathways are involved in the
elimination of selinexor, its PK is unlikely to be significantly affected by concomitant
administrations of modifiers of various enzymes.
The impact of concomitant medications on selinexor exposure has been evaluated via
PopPK analyses. There were 143 patients who had concomitant medications which were
CYP3A4 inhibitors (eg, ketoconazole, itraconazole, fluconazole, etc.). The exposure
parameters of selinexor were not altered in the presence of any of the major human CYP
modifiers, including CYP3A4 inhibitors or inducers. No overt differences in PK leading
to adverse events (AEs) were observed for selinexor and no major changes in the AE
profile of these (or other concomitant) drugs were reported.
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Special Populations

No dose adjustments are indicated for patients with either hepatic or renal impairment.
7.3.1.

Hepatic Impairment

Results from PopPK analyses indicated that PK parameters of selinexor were not
substantially altered in patients with various degrees of hepatic impairment (based on
National Cancer Institute Organ Dysfunction Working Group [NCI-ODWG] criteria)
present either at baseline or throughout dosing. The effect of liver function on the
clearance of selinexor was also evaluated across patients based on various liver function
tests. Taken together, the analyses demonstrate that selinexor clearance was not altered
substantially as a function of the severity of liver impairment. Therefore, no dose
adjustment is necessary in patients with mild and moderate hepatic impairment.
7.3.2.

Renal Impairment

Based on results from animal studies, urinary excretion of selinexor is minimal and
unchanged selinexor accounted for 1% of elimination by kidney. Quantitation of
selinexor in human urine in Study 003 further confirmed that urinary excretion is a minor
elimination pathway for selinexor in human. Based on the above findings, patients with
various degree of renal impairment (creatinine clearance ≥20 mL/min), could participate
in STORM.
Results from the PopPK analyses of patients with normal (n=261), mild (n=277),
moderate (n=167) or severe (n=15) renal dysfunction indicated that creatinine clearance
had no impact on the PK of selinexor. Therefore, mild, moderate, or severe renal
impairment is not expected to alter selinexor PK, and no adjustments in the dose of selinexor
are required in patients with renal dysfunction.

7.4.

Effect of Intrinsic Factors on Pharmacokinetics

There is no substantial effect of disease type or the patient’s age, body mass, gender, or
race on selinexor’s pharmacokinetic profile.
Various intrinsic factors were evaluated in the PopPK analysis, with the following
conclusions:
•

The disease types (hematologic, n=623; solid tumor, n=97) had no impact on
selinexor exposure.

•

There was no impact of age on selinexor dosing.

•

Compared with patients with an average body mass index (BMI; 25 kg/m2),
patients with a lean BMI had a lower clearance (76% of normal CL) and obese
patients had a higher clearance (123% of CL). The difference in CL due to
BMI was not considered clinically relevant.

•

No substantial differences were observed in clearance between males and
females.
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The PopPK consisted of 607 White, 46 Black/African American, and 15
Asian patients (35 reported as being “other”). Race was not a significant
covariate, suggesting exposures to selinexor were not impacted by race.

Effect of Extrinsic Factors on Pharmacokinetics

No discernable trends were identified between the exposure to selinexor and the most
prevalent adverse events, or with efficacy outcomes. Selenexor is not associated with any
increase cardiac risks.
7.5.1.

Exposure-Safety (Select Adverse Events) Analyses

As part of an exploratory PopPK and pharmacodynamic analyses, additional exposuresafety analyses were conducted to evaluate the effect of exposure (AUC) and dose
intensity on the common and clinically relevant treatment-emergent adverse events
(TEAEs) with a severity of Grade 3 or higher during selinexor treatment including
hyponatremia, thrombocytopenia, nausea/vomiting, fatigue, diarrhea, and decreased
weight.
In general, rates of ≥Grade 3 events of nausea/vomiting, decreased weight, or diarrhea
were low and showed little or no correlation with AUC or dose intensity. A logistical
regression model identified no clear trends between the AUC quartiles and incidence
rates of each AESIs, except a slightly positive trend seen with hyponatremia. In addition,
the time-averaged AUC distribution was very similar irrespective of the incidence of
≥Grade 3 AESIs.
These results indicate that there is no apparent correlation between selinexor timeaveraged AUC and ≥Grade 3 thrombocytopenia, fatigue, nausea/vomiting, decreased
weight, hyponatremia, or diarrhea.
7.5.2.

Exposure-Efficacy Response Analyses

As part of an exploratory PopPK and pharmacodynamic analyses, additional exposureefficacy analyses were conducted to evaluate the AUC and dose intensity on the primary
endpoint of ORR and the secondary endpoints of OS and PFS in patients with heavily
pretreated MM who received selinexor plus dexamethasone. No discernible relationships
between selinexor exposure and efficacy outcomes (best overall response [BOR], PFS,
and OS) were observed for patients who received Sel+dex.
7.5.3.

Effect on QT Interval

Selinexor (within anticipated therapeutic concentrations) has not been associated with
any clinically significant risk for QT prolongation.
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Dose and Schedule Justification

Nonclinical and clinical findings support a dose of selinexor 80 mg plus dexamethasone
20 mg twice weekly in triple-class RRMM in order to attain rapid disease control.
Given the short survival time for patients with triple-class refractory MM (3 to 5 months;
reviewed in Section 4.3), these patients require rapid disease control in order to minimize
and reverse end-organ damage. Therefore, it is essential to initiate therapy with an
optimal dose of selinexor.
Thus, the selection of the dose and regimen was based on multiple nonclinical and
clinical studies including clinical efficacy, safety, PK, and pharmacodynamics.
Nonclinical efficacy models and animal toxicology studies showed that the optimal
therapeutic window for selinexor utilized intermittent (2 to 3 times per week) oral dosing.
Similarly, in humans the optimal schedule is twice weekly oral dosing. In humans, the
maximum tolerated dose (MTD) was ~120 mg twice weekly and the recommended doses
are 60 to 80 mg twice weekly. Based on results observed in STORM Part 1, a dose of
80 mg twice weekly continuously (in combination with 20 mg dexamethasone) was
recommended in order to achieve rapid disease control in patients with rapidly
progressive penta-refractory, triple-class refractory MM.
7.6.1.

Selection of twice weekly dosing

Although the PK t1/2 of selinexor was relatively short (ranging from 5 to 7 h) the
pharmacodynamic t1/2 of selinexor as measured based on XPO1 mRNA induction was
long (ranging from 48 to 72 h). This long pharmacodynamic t1/2 along with the long t1/2
of inhibition of XPO1 function (of ~ 24 h) by selinexor in vitro indicated that the duration
of action of selinexor will be driven by its pharmacodynamic and not its PK property.
Based on the long pharmacodynamic t1/2, twice weekly dosing is adequate to sustain the
duration of action.
Dosing with selinexor 3 times per week was associated with more frequent and severe
(ie, higher grade) of TEAEs, including low-grade anorexia, nausea/vomiting, fatigue, and
thrombocytopenia (Garzon 2017, Chen 2018, Kuruvilla 2017, Abdul Razak 2016,
Gounder 2016). Therefore, 3 times per week dosing schedules were not considered for
recommended Phase 2 dosing (RP2D) in Study 001.
Amongst the 3 twice weekly dosing schedules (Days 1 and 2, Days 1 and 3, or Days 1
and 4) evaluated, efficacy appeared to be similar. Tolerability was somewhat poorer with
dosing on Days 1 and 2 versus the other schedules. Although the schedules had similar
tolerability levels, dosing on Days 1 and 3 was chosen over the Days 1 and 4 schedule
because the Days 1 and 3 schedule allowed for more time to recover from side effects
before the next set of doses. Thus, twice-weekly dosing on Days 1 and 3 was established
as the preferred schedule for selinexor.
7.6.2.

Pharmacodynamics and Pharmacokinetic Results From Study 001

In the dose range studied in the Study KCP-330-001, XPO1 mRNA expression increased
with increasing dose or exposure (AUC or Cmax) suggesting that XPO1 receptors have not
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been fully or maximally activated by selinexor and activity of selinexor is likely to
increase with increasing dose or exposure (Figure 12).
Selinexor induced cytotoxicity in a panel of human MM cell lines with IC50 values
ranging from ~20 to 434 nM with a median IC50 of 165 nM (KS-0007). At 80 mg dose,
the free Cmax for selinexor is 75 nM (total Cmax is 1500 nM), and therefore, at this dose
level, selinexor may exert a cytotoxic effect on majority of MM cell lines.
Figure 12:

Relationship Between Selinexor Plasma Exposure, and XPO1 mRNA
Induction

AUC=area under the concentration-time curve, Cmax=maximum observed concentration; Fmax=maximum
fold; mRNA=messenger ribonucleic acid; XPO1=exportin gene/protein.
Note: Maximum fold change and fold AUC were calculated for 35 patients with adequate PK data and
plotted vs maximum selinexor plasma Cmax and AUC. Pearson r for correlation between selinexor plasma
exposure and XPO1 mRNA expression was 0.7738 (p=0.0412) and 0.6737 (p=0.0971) for Cmax vs Fmax and
AUC vs fold ACU, respectively.

7.6.3.

Dosing with Dexamethasone

7.6.3.1.

Selinexor Single-Agent Activity in Patients with Multiple Myeloma

Out of the 81 patients with RRMM who received selinexor in the Study 001, 56 patients
received selinexor as a single agent and 7 patients received selinexor with low-dose
dexamethasone as supportive care (≤24 mg/week). In these patients, single-agent
selinexor showed a very low response rate (ORR, 1.8%), although minimal response
(MR) and SD were observed (19.6% and 37.5%, respectively).
7.6.3.2.

Selinexor with Low-dose Dexamethasone in Patients with Multiple
Myeloma

Based on the marked anti-tumor effect of selinexor plus low-dose dexamethasone
(Sel+dex) observed in nonclinical models of MM, it was anticipated that dexamethasone
combined with selinexor could improve responses in the clinical setting. Thus, the
“Sel+dex” combination was directly evaluated including selinexor doses of 45 mg/m2
(~80 mg) and 60 mg/m2 (~100 mg) twice weekly plus “low dose” dexamethasone 20 mg
twice weekly given with the selinexor. The selinexor dose of 45 mg/m2
(~80 mg) + dexamethasone 20 mg twice weekly exhibited a better AE profile with
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improved durable anti-MM activity versus the higher dose and was therefore chosen for
Phase 2 studies.
In particular, at the selinexor 45 mg/m2 + dexamethasone 20 mg dose in the Phase 1
Study 001, there were 6 responses (1 stringent complete response [sCR] and 5 partial
response [PRs]) in 12 patients (Table 17).
Table 17:

Responses From Selinexor and Dexamethasone; Study KCP-330-001)

Selinexor Dose

n

ORR

≥MR

PR

sCR

60 mg (35 mg/m2) +
dexamethasone

7

0

4 (57%)

0

0

80 mg (45 mg/week) +
dexamethasone

12

6 (50%)

7 (58%)

5 (42%)

1 (8%)

MR=minimal response; n=number of patients; PR=partial response.

7.6.3.3.

Further Optimization of the Selinexor with Low-dose Dexamethasone
Schedule (STORM Part 1)

Objective anti-MM activity was confirmed in the more heavily pretreated patients in
STORM Part 1 in quad- or penta-refractory MM (ORR 21%) dosed with an 80-mg flat
dose of selinexor + 20 mg dexamethasone (see below for discussion of flat dosing). In
addition, these results supported continuation of a schedule of 8 doses during each 28-day
cycle (ie, twice weekly). Finally, anti-myeloma activity was confirmed in the pivotal
STORM Part 2 (ORR 25.4% including 2 sCRs).
Patients with triple-class refractory MM have short anticipated survival (Usmani 2016,
Pick 2018), and enter the study with rapidly progressing MM, thus requiring rapid
disease control on initiation of dosing. In the STORM Part 2 modified intent-to-treat
(mITT) population, patients had rapidly progressive MM at baseline with a median
increase in disease burden of 22% (range, -42.8 to >1000). In the, 52 patients (43%) with
available data, the median increase in disease burden was approximately 100% between
Day -60 and Day 1 (administration of first dose; Figure 13).
As the estimated lifespan for these patients is 3 to 5 months and rapid disease control is
critical to minimize and potentially reverse end organ damage, it is essential to initiate
therapy with an optimal dose of selinexor. Selinexor 80 mg + dexamethasone 20 mg
provides adequate drug exposure and can induce rapid disease control. Subsequently,
selinexor doses can and should be modulated as antitumor effects are realized and based
on emerging side effects. Failure to achieve rapid disease control in patients with pentarefractory MM leads to continued disease progression, end organ damage, and poor
survival.
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In a study of newly diagnosed patients with MM, lenalidomide plus high-dose
dexamethasone was compared with lenalidomide plus low-dose dexamethasone
(Rajkumar 2010). The ORR in the high-dose dexamethasone arm was 81% versus 70%
in the low-dose dexamethasone arm. Although these results were obtained in patients
with newly diagnosed MM and are potentially confounded by the lenalidomide (which
was used at the same dose and regimen in each arm), they suggest that high-dose
dexamethasone could be associated with ~11% higher response rate than low-dose
dexamethasone.
Based on these 2 studies, it is unlikely that low-dose dexamethasone, which is 1/3 the
dose used in the high-dose dexamethasone, has any significant activity (<5%) in patients
with heavily pretreated MM.
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8.

Clinical Efficacy

8.1.

Clinical Studies Supporting Efficacy

The primary efficacy analysis supporting the use of Sel+dex in patients with RRMM who
have received at least 3 prior therapies and whose disease is refractory to at least 1 PI, at
least 1 IMiD, and an anti-CD38 mAb is based on the pivotal STORM Part 2 study.
Patients in STORM Part 1 and Study 001 provided supportive evidence.

8.2.

Study KCP-330-001

Study 001 results identified that selinexor 80 mg plus dexamethasone 20 mg twice weekly
was the optimal dose that induces the most rapid disease control in patient with
relapsed/refractory multiple myeloma.
Study 001 was a Phase 1, open-label, dose-escalation study to evaluate the safety and
tolerability of oral selinexor and to determine the RP2D in patients with hematologic
malignancies, including patients with RRMM.
Patients with MM must have had symptomatic disease that had relapsed or was refractory
to ≥3 prior regimens that included at least an alkylating agent, an IMiD, a PI, or a steroid.
Patients with an ECOG PS of 0 to 1 were eligible. A total of 286 patients with various
previously treated hematologic malignancies were enrolled, of whom 81 had RRMM.
Efficacy analyses included the key efficacy endpoints of ORR, best overall response,
DOR, duration of a least SD, PFS, and OS.
The median age for all patients with RRMM was 62.0 years (range: 43 to 85 years), with
27.2% of patients being ≥65 years of age and 8.6% of patients >75 years of age; the
oldest patient was 85 years of age. Most patients were male (53.1%); the most common
races were White (80.2%) and Black/African American (13.6%). Patients were heavily
pretreated and had highly refractory disease, with a median of 7.0 (range: 3 to 16) prior
systemic anticancer regimens.
Twelve patients were treated with selinexor 45 mg/m2 (~80 mg) in combination with
20 mg dexamethasone twice weekly (the RP2D).
Table 18 summarizes the key efficacy results from Study 001 of these 12 patients. These
results indicate that Sel+dex therapy can induce responses in patients with RRMM and
support the RP2D of selinexor 45 mg/m2 (~80 mg) plus dexamethasone 20 mg (Sel+dex)
given twice weekly. These responses were adjudicated by an IRC.
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Key Efficacy Results for Patients with RRMM From Study KCP-330001
Sel+dex (RP2D)a
N = 12

Endpoint
Overall Response Rate (ORR)
ORR, n (%)

6 (50)

95% CI

21 ,79

CBR b, n (%)

7 (58.3)

Best Response
sCR/CR, n (%)

1 (8.3)

PR, n (%)

5 (41.7)

MR, n (%)

1 (8.3)

Duration of Response (DOR)
Median (95% CI), days

180 (57, NC)

Progression-Free Survival (PFS)
Median (95% CI), days

232 (84, NC)

Overall Survival (OS)
Death events, n (%)

2 (16.7)

Median (95% CI), months

NC (103, NC)

CBR: clinical benefit rate; CI: confidence interval; CR: complete response; MR: minimal response; NC:
not calculable; PR; partial response; RP2D: recommended Phase 2 dose; RRMM: relapsed/refractory
multiple myeloma; sCR, stringent CR; Sel+dex: selinexor in combination with low-dose dexamethasone.
a RP2D (subset of Sel+dex) includes patients who received selinexor 45 mg/m2 plus dexamethasone
20 mg.

8.3.

Study 012/STORM

STORM demonstrated efficacy of selinexor plus low-dose dexamethasone in a population
of patients with triple-class refractory multiple myeloma.
8.3.1.

Study Design

The STORM study was a global, Phase 2b, multicenter, open-label study designed to
evaluate the efficacy and safety of Sel+dex in patients with penta-exposed, triple class
refractory MM (Part 2 and Part 1) or patients with quad-exposed, double class refractory
MM (Part 1 only).
Patients received selinexor 80 mg plus low dose dexamethasone 20 mg twice weekly
(Sel+dex) in 2 schedules:
•

Sel+dex was given 3 out of each 4-week cycle (Part 1)

•

Sel+dex was given every week continuously (Parts 1 and 2)
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Patients received Sel+dex until PD, death, Investigator/patient choice, or unacceptable
side effects, whichever occurred first, with no predefined maximum treatment duration.
STORM, Part 2 is the pivotal population supporting selinexor in combination with
dexamethasone, for the treatment of patients with RRMM who have received at least
3 prior therapies and whose disease is refractory to at least 1 PI, at least 1 IMiD, and an
anti-CD38 mAb.
The study was conducted at 60 sites; 36 in the US and 24 in the EU. The first patient
received their first dose on 26 May 2015 and enrollment was completed on
23 March 2018.
Figure 14 provides an overview of the study design/flow of STORM.
Figure 14:

KCP-330-012/STORM Study Design: Selinexor Treatment of
Relapsed Myeloma

CBR: clinical benefit rate; DCR: duration of clinical response; DOR: duration of response; FDA: Food and Drug
Administration; IMWG: International Myeloma Working Group; IRC: Independent Review Committee; ITT: intent to
treat; MM: multiple myeloma; NDA: New Drug Application; ORR: overall response rate; OS: overall survival; PFS:
progression-free survival; QoL: quality of life; Sd: selinexor plus low-dose dexamethasone; TTP: time to progression;
US: United States.
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Patient Population

STORM had permissive inclusion and exclusion criteria in order to provide a population
that represented the typical patient physicians would see in the clinic.
The patient population for both parts was very similar. The major difference was that
patients in Part 1 had either quad- or penta-refractory MM, whereas in Part 2 all the
patients had penta-refractory MM. Table 19 summarizes the differences in
inclusion/exclusion criteria across Parts 1 and 2.
Table 19.

Differences in Inclusion and Exclusion Criteria Across Part 1 and
Part 2 of Study KCP-330-012/STORM

Prior therapies

Part 1

Pivotal Part 2

Quad- or penta-refractory MM
(both daratumumab and
isatuximab allowed)

Penta-refractory MM

No restriction

≥8.5 g/dL

≥75 000/mm3

≥75 000/mm3

≥ 30,000/mm3

≥ 50,000/mm3

No restriction

No platelet transfusions <1
week prior to Cycle 1 Day 1

Hemoglobin
Platelet count
<50% of BMNC are plasma
cells
≥50% of BMNC are plasma
cells
Transfusion prior to C1D1

BMNC=bone marrow nucleated cells; MM=multiple myeloma.

8.3.3.

Efficacy Endpoints

Efficacy endpoints included with STORM are based on established guidelines.
The efficacy endpoints were the same in both Parts 1 and 2 of STORM and are detailed
in Table 20. The primary endpoint (ORR) was assessed by an IRC and using the
International Myeloma Working Group (IMWG) Uniform Response Criteria. The ORR
was also assessed by the Investigator and was included as a secondary endpoint.
For STORM, Part 2, the primary efficacy analysis was to evaluate the clinical effect of
Sel+dex in patients with penta-exposed, triple-class refractory MM by comparing the
ORR achieved in STORM, Part 2 with a minimal threshold level of 10%. A sample size
of 122 patients allowed a 1-sided test at an alpha of 0.025 to detect an ORR of >10% with
a 90% power.
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Key Efficacy Endpoints in Study KCP-330-012/STORM

Endpoint

Definition

Level

ORR (per IRC)

PR+VGPR+CR+sCR (IMWG criteria)

Primary

ORR (per Investigator)

PR+VGPR+CR+sCR (IMWG criteria)

Secondary

DOR

Time from first observation of ≥PR to time of
PD, or death due to PD, whichever comes first

Secondary

CBR

sCR + CR + VGPR + PR + MR

Secondary

PFS

Duration from start of study treatment to PD or
death (any cause), whichever comes first

Secondary

Overall survival

Duration from start of study treatment to death
(any cause)

Secondary

Assessed using FACT-MM

Secondary

Quality of life

CBR=clinical benefit rate; CR=complete response; DCB=duration of clinical benefit ; DCR=duration of
clinical response; FACT-MM=Functional Assessment of Cancer Therapy-Multiple Myeloma;
IMWG=International Myeloma Working Group; IRC=Independent Review Committee; MR=minimal
response; ORR=overall response rate; PD=progressive disease; PFS=progression-free survival; PR=partial
response; sCR=stringent complete response; SD=stable disease ; VGPR=very good partial response.

8.3.4.

Patient Disposition

In Part 1, 79 patients were treated (Table 21). All patients (100%) in Part 1 are off
treatment, with PD (57.0%) and AEs (22.8%) being the most common reasons for
discontinuation. Eighteen (22.8%) of the patients in Part 1 completed at least 1 year of
follow-up.
In Part 2, 123 patients were treated. Of these, 106 (86.2%) patients discontinued
treatment, with PD (55.7%) and AEs (29.2%) being the most common reasons for
discontinuation. As of 24 April 2018, 17 (13.8%) patients remain on treatment;
42 patients (34.1%) are off treatment, but in long-term survival follow-up.
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Disposition of Patients; Study KCP-330-012/STORM
Part 1
N = 79

Pivotal Part 2
N = 123

Total treated

79

123

On treatment (as of 24 April 2018)

0

17 (13.8)

79 (100)

106 (86.2)

45 (57.0)
18 (22.8)
6 (7.6)
8 (10.1)
1 (1.3)
1 (1.3)

59 (55.7)
31 (29.2)
7 (6.6)
4 (3.8)
2 (1.9)
3 (2.8)

0

42 (34.1)

Parameter, n (%)

Discontinued treatment
Reasons for discontinuation
Disease progression
Adverse event
Patient withdrawal
Investigator decision
Death
Other
In survival follow-up (as of 24 April 2018)

8.3.5.

Demographics

The demographics of the patients in STORM are representative of real-world patients
with triple-class refractory multiple myeloma.
The demographic characteristics of patients enrolled in Part 1 and 2 were comparable
with the mean age being 64 or 65 years, respectively (Table 21). Of note, 17% of the
patients were African-American and 14.8% of patients in Part 2 were >75 years of age.
Table 22:

Patient Demographics; Study KCP-330-012/STORM
Part 1
N = 79

Pivotal Part 2
N = 122

63.8 (35, 79)

65.2 (40, 86)

18 - 50

7 (8.9)

8 (6.6)

51 - 64

37 (46.8)

52 (42.6)

65 - 75

31 (39.2)

44 (36.1)

4 (5.1)

18 (14.8)

Male

37 (46.8)

71 (58.2)

Female

42 (53.2)

51 (41.8)

Category
Age, years; median (range)
Age category, years; n (%)

>75
Gender, n (%)
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Category

Part 1
N = 79

Pivotal Part 2
N = 122

White

62 (78.5)

85 (69.7)

Black/African American

14 (17.7)

21 (17.2)

Asian

0

2 (1.6)

Native Hawaiian/other Pacific Islander

0

1 (0.8)

Other

2 (2.5)

8 (6.5)

Missing

1 (1.3)

5 (4.1)

Race, n (%)

8.3.5.1.

Baseline Disease Characteristics

Patients enrolled in STORM had high-risk, rapidly progressing disease.
Patients enrolled in STORM had a median time from diagnosis of MM between 4.9 and
6.6 years (Table 23). The population had a high percentage of patients with high-risk
cytogenetics (STORM Part 2 included abnormalities in 26.2% del[17p]/p53; 4.1%
t[14;16]; 13.9% t[4;14]; 32.8% 1q21) and most had an ISS stage II or III disease.
Approximately a third of the patients had either moderate or severe renal impairment (as
defined by the creatinine clearance).
Patients had rapidly progressive MM at baseline with a median increase in disease burden
of 22% (range, -42.8 to >1000). In the, 52 patients (43%) with available data, the median
increase in disease burden was approximately 100% between Day -60 and Day 1
(administration of first dose).
Table 23:

Disease Characteristics; Study KCP-330-012/STORM, Part 2 (mITT
Analysis Population) and Part 1
Part 1
N = 79

Pivotal Part 2
N = 122

4.88 (0.7, 35.0)

6.58 (1.1, 23.4)

I

3 (3.8)

20 (16.4)

II

55 (69.6)

78 (63.9)

III

21 (26.6)

23 (18.9)

58 (73.4)

65 (53.3)

Characteristic
Median time from diagnosis to start of study
treatment; years; median (range)
ISS at STORM Baseline, n (%)

High-risk cytogenetics (%)
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Part 1
N = 79

Pivotal Part 2
N = 122

0

15 (19.0)

37 (30.3)

1

49 (62.0)

71 (58.2)

2

9 (11.4)

11 (9.0)

4 (5.1)

6 (4.9)

30 to <60

22 (27.8)

33 (27.0)

≥60

53 (67.1)

81 (66.4)

Characteristic
Baseline ECOG performance status; n (%)

Creatinine Clearance at Baseline, n (%)
<30

ECOG= Eastern Cooperative Oncology Group; ISS=International Staging System; mITT= modified intentto-treat; n=number of patients.
Data cut-off date: 24 April 2018

8.3.5.2.

Prior Anticancer Therapy

Patients in STORM were heavily pretreated and had highly refractory disease.
Part 1 patients had highly refractory disease and were heavily pretreated, with a median
of 7.0 (range, 2 to 18) prior systemic anticancer regimens; 91.1% had received ≥5 lines of
prior systemic therapy and 27.8% ≥9 prior lines.
In Part 2, as specified by the protocol, all patients were triple-class refractory (ie,
refractory to at least 1 PI, at least 1 IMiD, and daratumumab). The median number of
systemic prior anticancer regimens was 7 (range, 3 to 18), with 87.7% of patients having
received ≥5 prior lines of systemic therapy, and 29.5% receiving ≥9 prior lines of prior
therapy. Of note, 95.9% of the patients were refractory to second generation IMiDs (eg,
pomalidomide), second generation PIs (eg, carfilzomib), and daratumumab.
Table 24:

Prior Anticancer Therapy; KCP-330-012/STORM

Parameter

Part 1
N = 79

Pivotal Part 2
N = 122

Prior treatment regimens, median (range)

7 (2,18)

7 (3, 18)

At least 1 ImiD, 1 PI, and daratumumab

20 (25.3)

122 (100)

Triple refractory (CPD)

19 (24.1)

117 (95.9)

Quad refractory (CLPD)

16 (20.3)

101 (82.8)

Quad refractory (BCPD)

15 (19.0)

94 (77.0)

Penta refractory (BCLPD)

19 (24.1)

83 (68.0)

Documented refractory status, n (%)
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Part 1
N = 79

Pivotal Part 2
N = 122

21 (26.6)

122 (100)

6 (7.7)

86 (70.5)

Daratumumab last line

12 (15.4)

58 (47.5)

Received a prior transplant

67 (84.8)

102 (82.9)

Parameter
Daratumumab, n (%)
Daratumumab combination

BCLPD = bortezomib + carfilzomib + lenalidomide + pomalidomide + daratumumab; BCPD = bortezomib
+ carfilzomib + pomalidomide + daratumumab; CLPD = carfilzomib + lenalidomide + pomalidomide +
daratumumab; CPD = carfilzomib + pomalidomide + daratumumab; IMiD= immunomodulatory imide
drug; ISS = International Staging System; n=number of patients; PI= proteasome inhibitor.

8.3.6.

Medical History

Patients in STORM entered the study with a complicated medical history, having multiple
comorbidities.
All 123 patients in STORM Part 2 Safety Population had at least 1 medical condition in
their medical history. The median (range) number of unique ongoing medical history
preferred terms per patient was 10 (2, 49).
The most common (>10%) comorbidities included anemia (43.9%), peripheral
neuropathy (47.2%), cataracts (40.7%), hypertension (39.0%), backpain (28.5%), fatigue
(22.8%), constipation (18.7%), thrombocytopenia (15.4%), lymphopenia (15.4%), bone
pain (13.8%), gastroesophageal reflux disease (13.8%), leukopenia (12.2%), and nausea
(11.4%).
Most of these common comorbidities are expected in a patient population with such
heavily pretreated RRMM, with the hematologic comorbidities known side effects of
prior chemotherapy, stem cell transplant (SCT), and IMiD therapy; and GI symptoms
(constipation), fatigue, and neuropathy all known comorbidities associated with PI and
IMiD therapy. In addition, cataracts are expected within this population due to their age
and long-term exposure of high-dose glucocorticoids. Of note, the inclusion/exclusion
criteria of STORM permitted patients with these comorbidities given their prevalence in
patients with triple-class refractory MM. Given the short 2-week wash out period,
comorbidities associated with prior therapies may not have had sufficient time to fully
recover prior to initiating study treatment.
8.3.7.

Concomitant Medications

Patients in STORM entered the study already receiving multiple concomitant
medications.
Patients treated in STORM had a median of 8 non-oncogenic concomitant medications at
baseline. The most common (>30%) concomitant medications by therapeutic class
included: antivirals for systemic use (76.2%), analgesics (64.9%), and drugs for acid-
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related disorders (45.5%), antithrombotic agents (45.0%), vitamins (43.1%), mineral
supplements (40.6%), and psycholeptics (30.7%).
In summary, patients entering STORM, Part 2 were heavily pretreated with rapidly
progressing disease that was refractory to 3 classes of anti-myeloma therapy including at
least 1 PI, at least 1 IMiD, and anti-CD38 antibody. Patients also had compromised
organ function as a result of advanced disease and multiple concomitant medications
patients were taking for many comorbidities.
8.3.8.

Treatment Exposure

The majority of patients received ≥1 cycle of treatment, with 1 patient receiving
15 cycles.
The median duration of study drug was 8.0 weeks for patients in both Part 1 and Part 2.
The majority of patients finished at least 1 cycle (4 weeks; 79.7% and 83.7% in Parts 1
and 2, respectively).
Median overall treatment compliance (defined as >70% of prescribed doses) for selinexor
was 100.0% in both Part 1 and Part 2.
8.3.9.

Efficacy

8.3.9.1.

STORM, Part 1 Efficacy Results (Supportive Data)

Efficacy results in STORM Part 1, helped to confirm that the Sel+dex dose was
appropriate for patients with triple-class refractory disease.
The ORR, as assessed by the IRC, was 20.3% and the median DOR was 6.2 months. The
median PFS was 4.7 months, and the median OS for the entire population was
9.3 months. In comparison with patients who had a best response of PD/not evaluable
(NE), patients with a best response of ≥MR and those with ≥PR had a significantly longer
OS (median OS not reached); this is consistent with previous observations that the
surrogate endpoint of objective response is correlated with extended survival in patients
with heavily pretreated RRMM.
The results from this study demonstrated that Sel+dex showed activity in patients with
both quad- or penta- refractory MM. Karyopharm defined quad- or penta- refractory MM
as having been exposed to 4 or 5 anti-myeloma agents and refractory to 3 classes of antimyeloma therapy. This study also demonstrated that the optimal regimen for Sel+dex is
continuous dosing.
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Key Efficacy Results From Study KCP-330-012, Part 1
Part 1
N = 79

Endpoint
ORR
ORR a, n (%)

16 (20.3)

95% CI

12.0, 30.8

CBR b, n (%)

25 (31.6)

95% CI

21.6, 43.1

Best Response
sCR/CR c, n (% [95% CI])

0 (NE)

VGPR, n (%; 95% CI)

4 (5.1)

PR, n (%)

12 (15.2)

MR, n (%)

9 (11.4)

SD, n (%)

30 (38.0)

PD/NE, n (%)

24 (30.4)

DOR, months; median (95% CI)

6.2 (3.6, 9.8)

d

DCB , months; median (95% CI)

5.6 (4.4, 10.3)

Survival
PFS, months; median (95% CI)

4.7 (3.3, 7.6)

OS
Death events, n (%)

47 (59.5)

Median (95% CI); months

9.3 (5.8, 11.3)

Estimated 6-month survival, %

60.7

Estimated 12-month survival, %

33.0

CBR: clinical benefit rate; CI: confidence interval; CR: complete response; mITT: Modified Intent-toTreat; MR: minimal response; NE: not evaluable; PD: progressive disease; PR: partial response; sCR,
stringent CR; SD; stable disease; VGPR: very good PR.
a ORR = proportion of patients with a confirmed PR or better.
b CBR = proportion of patients with a confirmed MR or better.
c Both patients with sCR/CR in Part 2 had sCR: 1 MRD-negative disease at 10-6 sensitivity level and 1 at
10-4 level.
d Per TTP rule, duration of clinical benefit is defined as the duration of first observation of at least minimal
response to confirmed disease progression or death due to disease progression.
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STORM, Part 2: Pivotal Efficacy Results

STORM achieved its primary endpoint, demonstrating meaningful activity in patients
with triple-class refractory multiple myeloma.
The ORR was 25.4% (updated 26.2% at the 90-day update) and 71% of patients had a
reduction in disease burden.
8.3.9.2.1. Overall Response Rate
Overall Population
For patients treated in Part 2, the ORR as assessed by the IRC was 25.4% (95% CI: 18.0,
34.1). The best responses of the 122 patients included in the mITT Population included
2 patients with sCR (both with minimal residual disease [MRD]-negative disease; 1 at the
10-6 sensitivity level and the other at the 10-4 level), 6 very good partial response
(VGPR), 23 PR, 17 MR, 48 SD, and 26 PD or NE. Moreover, 2 patients in STORM Part
2 relapsed following prior treatment with investigational CAR-T cell therapy; both of
these patients achieved a PR after initiating Sel+dex therapy.
An ORR of 25.4% is clinically meaningful in a heavily pretreated patient population with
rapidly progressing disease that has exhausted all other options. The overall clinical
benefit rate (CBR; defined as ORR+MR) was 39.3% (95% CI: 30.6, 48.6), indicating that
approximately 40% of the patients in the STORM study improved their disease status,
despite the fact that all patients entering the study had refractory, PD on study entry.
Figure 15:

Overall Response Rate and Clinical Benefit Rate; Study KCP-330012/STORM Part 2 (mITT Population)

Below are summaries of the 2 patients who achieved an sCR.
•

(b) (6) is a 65-year-old female who was diagnosed with kappa-free light
Patient
chain (FLC) MM (ISS Stage III) in September 2010. Prior to enrolling in STORM,
the patient had undergone 8 prior lines of treatment for RRMM (including
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combinations of bortezomib, lenalidomide, carfilzomib, pomalidomide, and
cyclophosphamide). She had induction therapy with lenalidomide + bortezomib +
dexamethasone followed by consolidation with ASCT and achieved a CR;
maintenance Revlimid was discontinued due to neutropenia and fatigue. She received
daratumumab in 2 separate lines of therapy, including as a single agent for 3 cycles as
well as a combination of dara-pom/dex for 4 cycles. In addition, she had combination
chemotherapy with Vd- PACE. Therapy with selinexor plus dexamethasone
(Sel+dex) achieved rapid disease control; on Cycle 1 Day 15 her FLC-kappa had
decreased from 692 to 16.7 mg/L (normal range, <25 mg/L), consistent with VGPR.
On Cycle 1 Day 22, the patient achieved a CR with immunofixation electrophoresis +
disease and FLC-kappa of 7.07 mg/L. After 3 cycles of Sel+dex, the patient achieved
a CR with an MRD negative bone marrow. The patient’s bone marrow was evaluated
at Mayo Medical Laboratories, using 10-color flow cytometry (using the myeloma
MRD panel), that provides a sensitivity of 1 in 106 plasma cells. A total of 5,730,426
aggregate events were evaluated with no monotypic plasma cells, consistent with an
MRD of 0%. The patient continues to receive Sel+dex (selinexor 60 mg) and is in
Cycle 8 (as of 24 April 2018). Her response continues to be sCR.
•

(b) (6) is a 66-year-old female who was diagnosed with MM (ISS Stage
Patient
III) in 2005. She had undergone 7 lines of prior therapy (including
cyclophosphamide + dexamethasone + ASCT, lenalidomide + dexamethasone,
bortezomib + dexamethasone, pomalidomide + dexamethasone, carfilzomib,
daratumumab, daratumumab + bortezomib). The patient had rapid disease control
with a reduction in free lambda light chain from 157.5 to 13.3 on Cycle 2 Day 1,
consistent with a VGPR. The patient subsequently had a bone marrow biopsy which
confirmed no residual clonal plasma cells by immunohistochemistry. The patient’s
bone marrow was evaluated at Mayo Medical Laboratories, using 10-color flow
cytometry (using the myeloma MRD panel), which evaluated 5,646,223 aggregate
events and identified 465 monotypic plasma cells, consistent with an MRD of
0.0082%. The patient continues to receive Sel+dex (selinexor 60 mg), was in
Cycle 10 (as of 24 April 2018), and continued to be in sCR.

The median time to response of PR or better was 4.1 weeks (range: 1-14 weeks).
As of 17 August 2018 (the 90-day update data cutoff date), the ORR had increased to
26.2 (95% CI: 18.7, 35.0) with 1 additional patient achieving PR.
In addition, the majority (71%) of evaluable patients with a post-baseline assessment had
a reduction in their M-protein markers (Figure 16). Of patients with a best response ≥SD,
82% had a reduction in M-protein.
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Maximal Change in M-Protein (From Baseline) and Best Response;
Study KCP-330-012/STORM, Part 2 (mITT Population)

Abbreviations: mITT=modified intent-to-treat.
Notes: As of the data cutoff date (24 April 2018), 10 patients had not completed a full disease post-baseline
assessment. These patients are not included in the figure.

8.3.9.3.

Duration of Response

For patients with a response treated in Part 2 (n=31), the median DOR as assessed by the
IRC was 4.4 months (95% CI: 3.7, NE).
Similar to ORR and CBR, DOR was relatively consistent across all subgroups (Table 26).
Table 26:

Duration of Response per IMWG based on IRC Assessment: KCP330-012/STORM, Part 2 (mITT Population)
Part 2
N=122

IRC Assessment
Patients with a responseb, n

31

Median duration of response; months (95% CI)

4.4 (3.7, NE)

Number of events, n (%)

11 (35.5)

Number censored, n (%)

20 (64.5)

Patients still on study (database cut)

9 (29.0)

Death (not due to PD)

1 (3.2)

Discontinued treatment

10 (32.3)

CI = confidence interval; IMWG = International Myeloma Working Group; IRC = independent review
committee; mITT = modified intent to treat population; n= number of patients; NE = not estimable; PD =
progressive disease.
a
One patient from Part 1 with penta-exposed, triple refractory myeloma, did not have measurable disease at
baseline and thus was excluded from efficacy analysis
b
IRC assessment censored by the TTP rule (duration of response is defined as the duration of first
observation of at least partial response to confirmed disease progression or death due to disease
progression). Two patients were censored due to a gap of > 65 days between 2 consecutive adequate
response assessments
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Survival

Selinexor plus low-dose dexamethasone resulted in a median overall survival of 8 months
(updated to 8.6 months at the 90-day update) in patients with triple-class refractory MM
(natural history survival is 3 to 5 months).
For patients in Part 2, the median OS was 8.0 months (95% CI: 6.3, 11.3; Table 27 and
Figure 17). Overall survival was examined in patients who achieved a PR or better and
MR or better. In both groups of responders, the median OS was not reached. In the
48 patients with a best response of SD, the median OS was 6.3 months, and in patients
with a best response of PD/NE, the median OS was 1.9 months.
The median PFS for patients in Part 2 was 3.7 months (95% CI: 2.8, 4.7; Figure 18).
Table 27:

Overall Survival by Response: Study KCP-330-012/STORM (mITT
Population)

Parameter

Overall
(n=122)

≥PR
(n=31)

≥MR
(n=31)

≥SD
(n=31)

PD/NE
(n=31)

Median OSa

8.0 (6.3, 11.3)

NE (NE, NE)

NE (8.0, NE)

6.3 (4.5, 11.2)

1.9 (1.3, 10.6)

Estimated survival (%)
6-months

62.6

88.4

87.7

51.9

37.1

12-months

28.1

70.8

64.6

13.9

0.0

mITT=modified intent to treat; MR=minimal response; NE=not evaluable; OS=overall survival;
PD=progressive disease; PR=partial response.
a
Results provided as months (95% CI).

Figure 17:

Overall Survival in STORM Part 2 (mITT Population)

CI=confidence interval; OS=overall survival; mITT= modified intent-to-treat
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Progression-Free Survival: KCP-330-012/STORM, Part 2 (mITT
Population)

Probability of Progression Free Survival

With Number of Subjects at Risk
1.00

Censored

Median PFS per IRC = 3.7 months
95% CI = 2.8, 4.7

0.75

0.50

0.25

0.00
0

1

2

3

4

5

6

7

8

9

10

3

2

2

0

Time (Months)
At Risk

122

84

49

30

18

11

8

CI=confidence interval; IRC= Independent Review Committee; mITT=modified intent-to-treat;
PFS=progressive free-survival.

8.3.9.5.

Subgroup/Sensitivity Analyses

Tumor response rates remained relatively consistent over a range of subgroups
(refractory status, prior therapies, stage of disease, and age; Figure 19). Similar response
rates were observed in patients that have received daratumumab in combination prior to
study entry (ORR 29.1%), in patients who have received daratumumab as last line (ORR
34.5%), or who had penta-refractory disease (ORR 25.3%). Patients who were Black
represented 17% of the mITT population and had an ORR of 33.3%.
This consistency of effect across subgroups supports the lack of cross-resistance of
selinexor’s novel mechanism of action and selinexor’s efficacy across the broader
spectrum of patients with heavily pretreated RRMM.
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Forest Plot of Overall Response Rate in Subgroups: Study KCP-330012/STORM (mITT Population)

Quality of Life

In STORM, QoL is assessed using the Functional Assessment of Cancer TherapyMultiple Myeloma (FACT-MM) questionnaire (Wagner 2012). As STORM is a singlearm study, statistical analyses have been limited to descriptive analyses of the multi-item
scales (raw scores and changes from baseline for each patient) and single-item scores
(raw scores). Further, summaries were limited to patients with a baseline assessment and

ODAC Briefing Book
For Public Disclosure

73 of 132

Karyopharm Therapeutics Inc.
Selinexor (KPT-330)

ODAC Briefing Document
26 February 2019 Meeting

at least one post-baseline assessment. A threshold of 10% of the maximum possible score
was used to identify changes that could be clinically meaningful (Ringash 2007).
Appendix C provides graphs depicting the FACT-MM total score and the subscale scores
(for both raw score and change from baseline). Single-item scores are also shown (raw
scores only).
FACT-MM QoL scores were available for 83 patients who had baseline and at least 1
post-baseline score. Amongst these 83 patients, no substantial changes were observed in
mean FACT-MM total scores and the mean change from baseline did not exceed the 10%
threshold (Panel A in Figure 20 and Appendix C, respectively), In addition, no
substantial change was noted in the mean score of the assessment of “Content with
Quality of Life Right Now” over the course of the study (Panel B in Figure 20). For the
assessment of “Bothered by Side Effects of Treatment”, an increase in the score was seen
at C2D1 (from “A little bit” to “Somewhat”; Panel C in Figure 20). However, after
C2D1, the mean score remained relatively constant with no further substantial increases.
For the assessment of “I have pain”, a decline was observed in the mean score over the
duration of the study, which could be a reflection of the effect of the study treatment.
Baseline values for the 24 patients who did not have a post-baseline assessment were
similar to the baseline value for the 83 patients included in the analysis; 15 patients did
not have a baseline score.
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FACT-MM Total Score and Select Subscores; KCP-330-012/STORM

Mean changes from basline are displayed with a filled circle; error bars represent 95% CIs.
Numbers under the x-axis are the number of patients who completed the baseline assessment and at least 1 postbaseline assessment and were included in the analysis.

8.3.9.7.

Efficacy Conclusions

In the pivotal STORM Part 2 study, Sel+dex demonstrated meaningful clinical activity in
patients with penta-exposed, triple-class refractory MM.
The study population was predominantly elderly (~15% of patients >75 years), heavily
pretreated, and had multiple comorbidities, including approximately a third of patients
with moderate/severe renal dysfunction at study entry. In STORM Part 2 (mITT
Population, n=122), patients had a median of 7 prior lines of anti-MM therapy, with
29.5% having received ≥9 prior lines of MM therapy and 53.3% of patients with highrisk disease. The baseline and disease characteristics of this population is consistent with
patients seen in a real-world setting with heavily pretreated MM (Pick 2018).
Responses were observed regardless of prior anti-MM therapies received, whether the
patient received 1 or more prior ASCTs, or whether the patient had received
daratumumab in a prior combination, as a single agent (±corticosteroids), or as their last
prior therapy.
The ORR (as assessed by the IRC) based on IMWG criteria was 25.4% (26.2% after the
90-day update), which included 2 patients with an sCR, 6 patients with a VGPR, and
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24 patients with a PR. Of the 2 patients with confirmed sCR, 1 patient had MRDnegative disease at the 10-6 sensitivity level, the other had MRD-negative MM at the 10-4
level. Moreover, 2 patients in STORM Part 2 relapsed following prior treatment with
investigational CAR-T cell therapy; both of these patients achieved a PR after initiating
Sel+dex therapy. The achievement of MRD-negative CRs and VGPRs by Sel+dex
demonstrated a clinically meaningful depth of response, which is significant in a
population with penta-exposed, triple class refractory MM.
An important clinical benefit of Sd was the speed of response: responses with Sd were
rapid, generally occurring within 1 month of first dose (median time to response was
4.1 weeks). This rapid control of disease by Sd is critical to minimizing or even
potentially reducing ongoing end organ damage due to disease. The median DOR was
4.4 months.
In a patient population with triple-class refractory MM, the control of disease by Sel+dex
conferred meaningful clinical benefit as measured by a prolonged median OS (8.0
months; 8.6 months after the 90-day update). Considering that 77% of patients had
stabilization of disease (SD or better), it follows that Sel+dex conferred a meaningful
benefit to a significant majority of the patients treated in the study. Moreover, in patients
with ≥PR (26.2%) and ≥MR (39.3%) this OS benefit becomes even more salient, with an
estimated 12-month survival of 74.2% and 68.5%, respectively, compared with 12% in
patients with PD/NE.
Results from additional patients with, triple-class refractory MM treated in Part 1 (n=30)
are consistent and support the findings observed in the mITT population in Part 2.
Results in 81 RRMM patients in Study 001, including 12 patients treated with Sd at the
recommended dose also support these findings. (Module 5.3.5.2, Study KCP-330-001
CSR)
Estimates from the literature and the independent chart review performed utilizing the
FHAD, suggest that similar patients with uncontrolled penta-exposed, triple-class
refractory MM have an estimated median OS of 3-4 months.
The use of Sel+dex in these patients with triple-class refractory MM appears to provide
significant clinical benefit through the extension of survival in up to 77% of patients in
whom Sd induced ≥SD. These results are consistent with the relationship between the
surrogate marker of ORR and clinical benefit (OS) and suggest that Sd meets an
important unmet medical need for patients with MM who have exhausted all available
approved treatment of likely clinical benefit and continue to be in need of additional
therapy.
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Clinical Safety

Selinexor has a well-characterized safety profile in patients with hematologic cancers.
As of 24 April 2018, a total of 1116 patients with hematologic malignancies had been
treated with selinexor (either as a single agent or in combination with another agent).
Of these, 123 were treated in the pivotal STORM, Part 2 study. However, a total of
214 patients across several trials have received the recommended dose of selinexor 80 mg
plus low-dose dexamethasone (the Sel+dex dose). Overall, there have been 437 patients
with MM who have received selinexor (either as a single agent or in combination with
another agent) in clinical studies as of 24 April 2018.
Table 28:

Number of Patients Included in Safety Analyses by Disease

Malignancy

N

Multiple myeloma

437

STORM, Part 2

123

Receiving Sel (80 mg)-Dex

214

AML

308

Other hematologic malignancies

371

Total

1116

Within the body of this document, particular focus is placed on patients with RRMM;
specifically, those enrolled in the pivotal STORM Part 2 and any who received the
Sel+dex dose.

9.1.

Demographics

In STORM, Part 2, the median age of patients was 65 years (range, 40 to 86). There were
slightly more males (57.7%) than females, and the most frequently reported race was
White (69.9%), followed by Black or African American (17.1%; Table 29).
The demographic profile seen in STORM, Part 2 was similar to that of all patients with
MM who received the Sel+dex dose and the overall MM population.
Table 29:

Demographics by Treatment Regimen (Safety Populations)
Pivotal
STORM, Part 2
(N = 123)

Sel+dex
(N = 214)

All MM
(N = 437)

All Heme
(N=1116)

65.3 (40, 86)

64.0 (34, 85)

64.0 (34, 85)

67.0 (18, 94)

64.5 (9.41)

63.2 (9.13)

63.6 (9.08)

65.4 (11.71)

Age (Years)a
Median (range)
Mean (STD)
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Pivotal
STORM, Part 2
(N = 123)

Sel+dex
(N = 214)

All MM
(N = 437)

All Heme
(N=1116)

18 - 50

8 (6.5)

16 (7.5)

36 (8.2)

111 (9.9)

51 - 64

52 (42.3)

97 (45.3)

193 (44.2)

332 (29.7)

65 - 74

44 (35.8)

78 (36.4)

160 (36.6)

439 (39.3)

≥75

19 (15.4)

23 (10.7)

48 (11.0)

234 (21.0)

71 (57.7)

114 (53.3)

236 (54.0)

653 (58.5)

White

86 (69.9)

156 (72.9)

341 (78.0)

926 (83.0)

Black or African
American

21 (17.1)

39 (18.2)

55 (12.6)

81 (7.3)

Asian

2 (1.6)

2 (0.9)

10 (2.3)

20 (1.8)

Native Hawaiian or
Other Pacific Islander

1 (0.8)

1 (0.5)

3 (0.7)

3 (0.3)

Other

8 (6.5)

10 (4.7)

19 (4.3)

55 (4.9)

Age Category n(%)

Sex n(%)
Male
Race n(%)

Missing
5 (4.1)
6 (2.8)
9 (2.1)
N=number of patients; Sel+dex= selinexor plus low-dose dexamethasone in any study;
STD=standard deviation.
Database Cutoff Date: 24 April 2018
a Age is based on Date of First Dose

9.2.

25 (2.2)

Baseline Characteristics

Patients receiving Sel+dex had been living with MM for a median of 6 years (Table 30).
The majority of the patients had an ECOG PS of 1 or 2.
The stage at diagnosis (International Stage System Stage) was Stage I for
95 (21.7%) patients, Stage II for 87 (19.9%) patients, Stage III for 127 (29.1%) patients,
Stage IV for 2 (0.5%) patients, unknown for 64 (14.6%) patients, and missing for
62 (14.2%) patients.
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Baseline Characteristics by Treatment Regimen (Safety Populations)
Pivotal STORM, Part 2
(N = 123)

Sel+dex
(N = 214)

6.6 (1.1, 23.4)

6.0 (0.7, 35.1)

0

37 (30.1)

57 (26.6)

1

72 (58.5)

128 (59.8)

2

11 (8.9)

20 (9.3)

Characteristic
Duration from initial diagnosis, years;
median (range)
Baseline ECOG Performance Status n (%)a

3

0

Missing

9.3.

3 (2.4)

9 (4.2)

Prior Therapies

Patients with MM receiving selinexor were heavily pretreated (median of 7 prior
therapies in STORM, Part 2; Table 31) with the majority (87.7%) of patients having
received more than 4 lines of prior systemic therapy.
Table 31:

Prior Systemic Therapy (Safety Populations)
Pivotal STORM, Part 2
(N = 123)

Sel+dex
(N = 214)

All MM
(N = 437)

7.0 (3.0, 18.0)

7.0 (2.0, 18.0)

6.0 (0.0, 18.0)

102 (82.9)

167 (78.0)

289 (66.1)

0

NC

47 (22.0)

148 (33.9)

1

NC

111 (51.9)

201 (46.0)

≥2

NC

56 (26.2)

88 (20.1)

Number of Prior Systemic
Therapy, median (range)
Prior Transplant Therapy n (%)
Yes
Number of Prior Transplant Therapy n (%)

MM=multiple myeloma; n=number of patients; NC=not calculated; Sel+dex=selinexor 80 mg plus lowdose dexamethasone in any study.
Database Cutoff Date: 2018-04-24

9.4.

Medical History

Patients with multiple myeloma treated with selinexor had many comorbidities prior to
initiating treatment.
Patients in STORM Part 2 had significant morbidity with a median (range) of 14 (1-59)
unique ongoing medical history preferred terms. The most common conditions
(occurring in ≥25% of patients) were peripheral neuropathy (47.2% of patients), anemia
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(43.9%), cataract (40.7%), hypertension (39.0%), back pain (28.5%), and fatigue
(22.8%).

9.5.

Concomitant Medications

Patients enrolled in STORM, Part 2 had significant polypharmacy at baseline.
Nearly all patients (97.6%) in STORM Part 2 was receiving at least 1 concomitant
medication at baseline. These patients were receiving multiple concomitant therapies
with a median (range) of 8 (1, 20) unique prior and ongoing classes of medication per
patient (ATC Level 4). The most common ATC Level 2 classes of concomitant
medications included antivirals, analgesics, drugs for acid-related disorders, and
antithrombotic agents (Table 32).
Table 32:

Most Frequent (>20% of Patients) Concomitant Medications Initiated
Before the Start of Study Treatment: Study KCP-330-012/STORM
(Safety Population)
STORM Part 2
(N = 123)
n (%)
120 (97.6)
95 (77.2)
78 (63.4)
55 (44.7)
60 (48.8)
48 (39.0)
45 (36.6)
34 (27.6)
30 (24.4)
27 (22.0)
25 (20.3)

Therapeutic Class (ATC Level 2)
Patients with Any Concomitant Medication
Antivirals for Systemic Use
Analgesics
Drugs for Acid Related Disorders
Antithrombotic Agents
Vitamins
Mineral Supplements
Psycholeptics
Antibacterials For Systemic Use
Antianemic Preparations
Drugs for Constipation
Database cutoff date: 24 April 2018.
Medications are coded using WHO DDE, version March 2017.

9.6.

Exposure

In all 214 patients with MM who received Sel+dex, the median duration of exposure for
the Sel+dex group was 8.0 weeks (range 1 to 60) with a median of 11 doses (range 1 to
77) received and a median total dose of 810 mg (range 80 to 5,440). Most patients in the
Sel+dex group received treatment for either 4 to <12 weeks (41.1%) or 12 to <24 weeks
(24.3%). The median dose intensity was 114.3 mg/week (range 36 to 200).
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Overview of Adverse Events

Adverse events reported with selinexor treatment as typical for patients with advanced
relapsed/refractory multiple myeloma.
All 123 patients in STORM Part 2 had at least 1 TEAE, with 93.5% reporting at least
1 TEAE of Grade 3/4 severity (Table 33). Of the 123 patients, 60.2% experienced at
least 1 serious adverse event (SAE), and 30.1% had at least 1 SAE considered by the
Investigator to be related to study treatment. Treatment-emergent AEs leading to a dose
reduction or a dose interruption occurred in 48.8% and 73.2% of patients, respectively.
Treatment-emergent AEs leading to treatment discontinuation occurred in 26.8% of
patients, and these were considered by the Investigator to be treatment-related in 17.9%
of patients. Deaths due to TEAEs were reported in 10 (8.1%) patients, 2 of which were
considered to be treatment-related.
Within the body of this document, particular focus is placed on patients with RRMM;
specifically, those enrolled in the pivotal STORM Part 2 and any who received the
Sel+dex dose in any study. Tables that summarize the TEAEs for patients with MM who
received any dose of selinexor other than the Sel+dex dose, patients with AML, patients
with a malignancy other than MM or AML, and all patients who have received at least 1
dose of selinexor (referred to as the ISS population) are provided in Appendix C.
Table 33:

Overview of Treatment-emergent Adverse Events in Patients with
MM (Safety Populations)
Pivotal
STORM, Part 2
(N = 123)
n (%)

Sel+dex
(N = 214)
n (%)

123 (100.0)

214 (100.0)

122 (99.2)

212 (99.1)

115 (93.5)

202 (94.4)

110 (89.4)

187 (87.4)

74 (60.2)

125 (58.4)

37 (30.1)

58 (27.1)

10 (8.1)

18 (8.4)

2 (1.6)

3 (1.4)

99 (80.5)

160 (74.8)

TEAE related to study treatment leading to dose
modificationa

89 (72.4)

142 (66.4)

TEAE leading to dose reduction

60 (48.8)

87 (40.7)

TEAE leading to dose interruption

90 (73.2)

140 (65.4)

33 (26.8)

55 (25.7)

Patients with at least 1:
Treatment-emergent AE
TEAE related to study treatment

a

TEAE of Grade 3/4
Grade 3/4 TEAE related to study treatmenta
Serious TEAE
Serious TEAE related to study treatmenta
TEAE leading to death
TEAE related to study treatment leading to deatha
TEAE leading to dose modificationb

TEAE leading to discontinuation of study treatment
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Patients with at least 1:
TEAE related to study treatment leading to discontinuation
of study treatmenta

Pivotal
STORM, Part 2
(N = 123)
n (%)

Sel+dex
(N = 214)
n (%)

22 (17.9)

37 (17.3)

Sel+dex=selinexor 80 mg plus low-dose dexamethasone in any study; TEAE=treatment-emergent adverse event.
a
For STORM, a TEAE was considered treatment-related if it was related to selinexor or dexamethasone. For all
other groups, a TEAE was considered treatment-related if it was related to selinexor.
b
The number of patients with dose modification(s) is not necessarily equal to the sum of the number of patients who
had a modified dose or a drug interruption since the same patient could fall into more than one of these categories.

9.7.1.

Common Adverse Events

Table 34 provides a summary of the most frequently reported TEAEs following treatment
with Sel+dex.
The most common non-hematological TEAEs in patients in STORM Part 2 (occurring in
≥25% of patients) were nausea (69.9%), fatigue (62.6%), decreased appetite (53.7%),
decreased weight (48.8%), diarrhea (42.3%), vomiting (37.4%), and hyponatremia
(35.0%). Of these, only fatigue and hyponatremia had events ≥Grade 3 occurring in
≥10% of patients (19.5% and 20.3%, respectively). There was only 1 (0.8%) patient with
Grade 4 hyponatremia.
The most common hematological TEAEs patients in STORM Part 2 reported were
thrombocytopenia (73.2%), anemia (65.9%), neutropenia (38.2%), and leukopenia
(30.9%). Of these, thrombocytopenia (58.5%), anemia (42.3%), neutropenia (22.0%),
and leukopenia (12.2%) had events ≥Grade 3 occurring in ≥10% of the patients. Grade 4
TEAEs included thrombocytopenia (31.7%), anemia (0.8%), and neutropenia (3.3%).
A summary of TEAE of ≥Grade 3 severity is provided in Table 44.
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Treatment-emergent Adverse Events Occurring in ≥10% of Patients in Any Group (Safety Populations)

MedDRA Preferred Term
Patients with at Least 1 TEAE
Thrombocytopenia
Nausea
Anaemia
Fatigue
Decreased appetite
Weight decreased
Diarrhoea
Neutropenia
Vomiting
Hyponatraemia
Leukopenia
Constipation
Dyspnoea
Asthenia
Hypokalaemia
Lymphopenia
Dizziness
Insomnia
Pyrexia
Pneumonia
Cough
Upper respiratory tract infection
Epistaxis
Confusional state
Fall
Hyperglycaemia
Abdominal pain
ODAC Briefing Book
For Public Disclosure

STORM
Part 2
(N = 123)
n (%)
123 (100.0)
90 (73.2)
86 (69.9)
81 (65.9)
77 (62.6)
66 (53.7)
60 (48.8)
52 (42.3)
47 (38.2)
46 (37.4)
43 (35.0)
38 (30.9)
27 (22.0)
26 (21.1)
21 (17.1)
21 (17.1)
20 (16.3)
19 (15.4)
19 (15.4)
19 (15.4)
18 (14.6)
17 (13.8)
17 (13.8)
15 (12.2)
13 (10.6)
13 (10.6)
13 (10.6)
12 (9.8)

MM
Sel+dex
(N = 214)
n (%)
214 (100.0)
158 (73.8)
156 (72.9)
127 (59.3)
143 (66.8)
115 (53.7)
99 (46.3)
95 (44.4)
74 (34.6)
88 (41.1)
82 (38.3)
60 (28.0)
52 (24.3)
53 (24.8)
28 (13.1)
28 (13.1)
32 (15.0)
31 (14.5)
33 (15.4)
35 (16.4)
24 (11.2)
31 (14.5)
32 (15.0)
28 (13.1)
28 (13.1)
19 (8.9)
32 (15.0)
23 (10.7)

MM
Other S+/-d
(N = 70)
n (%)
70 (100.0)
43 (61.4)
54 (77.1)
34 (48.6)
52 (74.3)
47 (67.1)
28 (40.0)
26 (37.1)
25 (35.7)
34 (48.6)
32 (45.7)
8 (11.4)
13 (18.6)
18 (25.7)
14 (20.0)
9 (12.9)
5 (7.1)
12 (17.1)
5 (7.1)
22 (31.4)
11 (15.7)
13 (18.6)
7 (10.0)
13 (18.6)
12 (17.1)
8 (11.4)
6 (8.6)
8 (11.4)
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All MM
(N = 437)
n (%)
435 (99.5)
288 (65.9)
295 (67.5)
225 (51.5)
276 (63.2)
232 (53.1)
163 (37.3)
177 (40.5)
163 (37.3)
162 (37.1)
138 (31.6)
92 (21.1)
98 (22.4)
107 (24.5)
56 (12.8)
57 (13.0)
49 (11.2)
73 (16.7)
49 (11.2)
78 (17.8)
53 (12.1)
63 (14.4)
50 (11.4)
56 (12.8)
58 (13.3)
37 (8.5)
46 (10.5)
51 (11.7)

All AML
(N = 308)
n (%)
308 (100.0)
123 (39.9)
181 (58.8)
106 (34.4)
171 (55.5)
180 (58.4)
72 (23.4)
123 (39.9)
52 (16.9)
103 (33.4)
93 (30.2)
30 (9.7)
83 (26.9)
85 (27.6)
54 (17.5)
42 (13.6)
9 (2.9)
53 (17.2)
30 (9.7)
70 (22.7)
51 (16.6)
46 (14.9)
9 (2.9)
66 (21.4)
35 (11.4)
29 (9.4)
38 (12.3)
36 (11.7)

All Non-MM,
Non-AML
Hematologic
(N = 371)
n (%)
366 (98.7)
199 (53.6)
227 (61.2)
144 (38.8)
191 (51.5)
172 (46.4)
101 (27.2)
129 (34.8)
108 (29.1)
123 (33.2)
75 (20.2)
41 (11.1)
108 (29.1)
69 (18.6)
63 (17.0)
46 (12.4)
22 (5.9)
58 (15.6)
30 (8.1)
77 (20.8)
32 (8.6)
65 (17.5)
16 (4.3)
15 (4.0)
31 (8.4)
23 (6.2)
31 (8.4)
59 (15.9)

All Heme
(N = 1116)
n (%)
1109 (99.4)
610 (54.7)
703 (63.0)
475 (42.6)
638 (57.2)
584 (52.3)
336 (30.1)
429 (38.4)
323 (28.9)
388 (34.8)
306 (27.4)
163 (14.6)
289 (25.9)
261 (23.4)
173 (15.5)
145 (13.0)
80 (7.2)
184 (16.5)
109 (9.8)
225 (20.2)
136 (12.2)
174 (15.6)
75 (6.7)
137 (12.3)
124 (11.1)
89 (8.0)
115 (10.3)
146 (13.1)
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STORM
Part 2
(N = 123)
n (%)
12 (9.8)
12 (9.8)
12 (9.8)
12 (9.8)
11 (8.9)

MM
Sel+dex
(N = 214)
n (%)
26 (12.1)
17 (7.9)
13 (6.1)
28 (13.1)
18 (8.4)

MM
Other S+/-d
(N = 70)
n (%)
12 (17.1)
7 (10.0)
5 (7.1)
14 (20.0)
7 (10.0)

MedDRA Preferred Term
Dysgeusia
Oedema peripheral
Sepsis
Vision blurred
Alanine aminotransferase
increased
Dehydration
11 (8.9)
29 (13.6)
27 (38.6)
Hyperkalaemia
11 (8.9)
12 (5.6)
3 (4.3)
Hypocalcaemia
11 (8.9)
19 (8.9)
7 (10.0)
Aspartate aminotransferase
10 (8.1)
15 (7.0)
6 (8.6)
increased
Bone pain
10 (8.1)
18 (8.4)
1 (1.4)
Hypercreatininaemia
10 (8.1)
27 (12.6)
19 (27.1)
Back pain
9 (7.3)
20 (9.3)
17 (24.3)
General physical health
9 (7.3)
9 (4.2)
0
deterioration
Headache
9 (7.3)
24 (11.2)
7 (10.0)
Hypomagnesaemia
9 (7.3)
19 (8.9)
6 (8.6)
Hypotension
6 (4.9)
9 (4.2)
9 (12.9)
Muscular weakness
4 (3.3)
10 (4.7)
12 (17.1)
Stomatitis
4 (3.3)
5 (2.3)
0
Urinary tract infection
3 (2.4)
9 (4.2)
7 (10.0)
Database Cutoff Date: 24 April 2018
Note: This table uses MedDRA version 20.1.
Note: Selected Preferred Terms are recoded to aggregate medically similar PTs.
Note: Preferred Terms are sorted in descending order based on the STORM Part 2 column.
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All MM
(N = 437)
n (%)
60 (13.7)
47 (10.8)
23 (5.3)
62 (14.2)
35 (8.0)

All AML
(N = 308)
n (%)
44 (14.3)
64 (20.8)
37 (12.0)
39 (12.7)
19 (6.2)

All Non-MM,
Non-AML
Hematologic
(N = 371)
n (%)
45 (12.1)
47 (12.7)
25 (6.7)
48 (12.9)
13 (3.5)

76 (17.4)
20 (4.6)
36 (8.2)
29 (6.6)

38 (12.3)
31 (10.1)
29 (9.4)
17 (5.5)

34 (9.2)
17 (4.6)
19 (5.1)
9 (2.4)

148 (13.3)
68 (6.1)
84 (7.5)
55 (4.9)

30 (6.9)
58 (13.3)
60 (13.7)
9 (2.1)

10 (3.2)
38 (12.3)
20 (6.5)
6 (1.9)

4 (1.1)
27 (7.3)
31 (8.4)
12 (3.2)

44 (3.9)
123 (11.0)
111 (9.9)
27 (2.4)

49 (11.2)
34 (7.8)
28 (6.4)
26 (5.9)
8 (1.8)
27 (6.2)

29 (9.4)
35 (11.4)
42 (13.6)
26 (8.4)
34 (11.0)
24 (7.8)

33 (8.9)
37 (10.0)
39 (10.5)
23 (6.2)
11 (3.0)
37 (10.0)

111 (9.9)
106 (9.5)
109 (9.8)
75 (6.7)
53 (4.7)
88 (7.9)

All Heme
(N = 1116)
n (%)
149 (13.4)
158 (14.2)
85 (7.6)
149 (13.4)
67 (6.0)
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Comparing the frequency of the most frequent TEAEs across subgroups:
•
•

No clear relationship of TEAEs was seen across different age groups.
Numerically higher frequencies of decreased appetite and pneumonia were
observed in patients ≥75 years of age.

•

The frequency of nausea, vomiting, and anemia were numerically higher in
females than in males.

•

No clinically meaningful differences in the frequency of TEAEs were identified
across race groups.

9.8.

Dose Modifications and Discontinuation of Study Drug

9.8.1.

Dose Modifications

Dose modifications included reductions, interruptions, and changes in the schedule of
selinexor to QW.
Of the 123 patients STORM Part 2, 78.0% had at least 1 TEAE which led to a dose
reduction of the study treatment. The most frequent TEAEs leading to a dose
modification were thrombocytopenia, fatigue, anemia, and nausea (Table 35).
Table 35:

Treatment-emergent Adverse Events Leading to Dose Modification
Occurring in ≥5% of Patients with MM (Safety Populations)
Pivotal STORM,
Pt 2
(N = 123)
n (%)

Sel+dex
(N = 214)
n (%)

Patients with at least 1 TEAE leading to dose modification

96 (78.0)

158 (73.8)

Thrombocytopenia

58 (47.2)

98 (45.8)

Fatigue

35 (28.5)

55 (25.7)

Anaemia

28 (22.8)

46 (21.5)

Nausea

23 (18.7)

36 (16.8)

Leukopenia

20 (16.3)

27 (12.6)

Neutropenia

20 (16.3)

31 (14.5)

Weight decreased

15 (12.2)

24 (11.2)

Lymphopenia

14 (11.4)

20 (9.3)

Decreased appetite

10 (8.1)

21 (9.8)

Hyponatraemia

7 (5.7)

14 (6.5)

Vomiting

6 (4.9)

12 (5.6)

MedDRA Preferred Term
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Adverse Events Leading to a Dose Reduction

Of the 123 patients STORM Part 2, 57.7% had at least 1 TEAE which led to a dose
reduction of the study treatment. The most frequent TEAEs leading to a dose reduction
were thrombocytopenia, fatigue, neutropenia, and decreased weight (Table 36).
Table 36:

Treatment-emergent Adverse Events Leading to Dose Reductions
Occurring in ≥3 Patients with MM (Safety Populations)
Pivotal STORM, Pt 2
(N = 123)
n (%)

MedDRA Preferred Term
Patients with at least 1 TEAE leading to dose reduction

71 (57.7)

Thrombocytopenia

42 (34.1)

Fatigue

10 (8.1)

Neutropenia

8 (6.5)

Weight Decreased

6 (4.9)

Nausea

4 (3.3)

Anaemia

3 (2.4)

Decreased Appetite

3 (2.4)

Platelet Count Decreased

3 (2.4)

9.8.2.

Adverse Events Leading to Treatment Discontinuation

Modifications of the dose of selinexor were effective for minimizing discontinuations.
Of the patients with MM who received the Sel+dex dose, 25.7% experienced at least
1 TEAEs that led to treatment discontinuation (Table 37). Only nausea led to treatment
discontinuation by more than 5% of patient. Other frequently (>2%) reported TEAEs
leading to discontinuation included fatigue (4.2%), thrombocytopenia (3.7%), decreased
weight (2.8%), and decreased appetite and asthenia (2.3% each).
There was a higher frequency of an event leading to a dose reduction rather than
discontinuation of the study treatment. For example, in STORM, Part 2,
thrombocytopenia led to dose reduction in 34.1% of the patients; however, only 3.3% of
the patients discontinued treatment due to the event (Table 38). These results indicate
that modifying the dose of selinexor can be an effective means to allowing patients to
continue on treatment.
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Treatment-emergent Adverse Events That Led to Treatment
Discontinuation in ≥2% of Patients with MM (Safety Populations)
Pivotal STORM,
Pt 2
(N = 123)
n (%)

Sel+dex
(N = 214)
n (%)

33 (26.8)

55 (25.7)

Nausea

7 (5.7)

11 (5.1)

Thrombocytopenia

4 (3.3)

8 (3.7)

Fatigue

5 (4.1)

9 (4.2)

Decreased appetite

2 (1.6)

5 (2.3)

Weight decreased

5 (4.1)

6 (2.8)

Pneumonia

4 (3.3)

4 (1.9)

Asthenia

4 (3.3)

5 (2.3)

Anaemia

3 (2.4)

4 (1.9)

Vomiting

3 (2.4)

4 (1.9)

MedDRA Preferred Term
Patients with at least 1 TEAE leading to dose modification

Table 38:

Comparison of Select Treatment-emergent Adverse Events Leading to
Dose Reduction or Discontinuation; Study KCP-330-012/STORM,
Part 2 (Safety Population)
Dose Reduction
(N=123)
n (%)

Discontinuation
(N=123)
n (%)

71 (57.7)

33 (26.8)

42 (34.1)

4 (3.3)

Neutropenia

8 (6.5)

0

Anemia

3 (2.4)

3 (2.4)

Fatigue

10 (8.1)

5 (4.1)

Nausea

4 (3.3)

7 (5.7)

Weight decreased

6 (4.9)

5 (4.1)

Decreased appetite

3 (2.4)

2 (1.6)

MedDRA Preferred Term
Patients with at least 1 TEAE
Hematologic
Thrombocytopenia

Non-hematologic

Note: Adverse events are coded using MedDRA version 20.1. Patients are counted once within each
preferred term.
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Serious Adverse Events

Of the patients in STORM Part 2, 60.2% had at least 1 SAE. The most frequently
reported were pneumonia and sepsis (across all groups; Table 39).
Of patients receiving Sel+dex, 27.1% had at least 1 treatment-related SAE. The most
frequently reported treatment-related SAEs (occurring in ≥2% of patients) were
thrombocytopenia (4.7%), and dehydration and nausea (2.3% each).
Table 39:

Serious Treatment-Emergent Adverse Events by Selinexor Treatment
Regimen Occurring in ≥2% of Patients in Any Group (Safety
Populations)

MedDRA System Organ Class
MedDRA Preferred Term

Pivotal
STORM,
Pt 2
(N = 123)
n (%)

Sel+dex
(N = 214)
n (%)

All MM
(N = 437)
n (%)

All Heme
(N = 1116)
n (%)

Patients with at least 1 serious TEAE

74 (60.2)

125 (58.4)

238 (54.5)

678 (60.8)

Pneumonia

14 (11.4)

16 (7.5)

42 (9.6)

105 (9.4)

Sepsis

11 (8.9)

12 (5.6)

19 (4.3)

75 (6.7)

Mental status changes

5 (4.1)

6 (2.8)

6 (1.4)

9 (0.8)

Anaemia

4 (3.3)

7 (3.3)

10 (2.3)

23 (2.1)

Fatigue

4 (3.3)

7 (3.3)

8 (1.8)

28 (2.5)

General physical health deterioration

4 (3.3)

4 (1.9)

4 (0.9)

14 (1.3)

Acute kidney injury

3 (2.4)

8 (3.7)

15 (3.4)

20 (1.8)

Confusional state

3 (2.4)

7 (3.3)

8 (1.8)

18 (1.6)

Dehydration

3 (2.4)

5 (2.3)

11 (2.5)

28 (2.5)

Diarrhoea

3 (2.4)

5 (2.3)

7 (1.6)

26 (2.3)

Hyponatraemia

3 (2.4)

5 (2.3)

7 (1.6)

16 (1.4)

Pyrexia

3 (2.4)

6 (2.8)

15 (3.4)

42 (3.8)

Thrombocytopenia

3 (2.4)

10 (4.7)

15 (3.4)

27 (2.4)

Nausea

2 (1.6)

5 (2.3)

9 (2.1)

17 (1.5)

Database Cutoff Date: 24 April 2018
Sel+dex=selinexor 80 mg plus low-dose dexamethasone in any study
Note: This table uses MedDRA version 20.1.
Note: Selected System Organ Classes are recoded to aggregate medically similar SOCs.
Note: Selected Preferred Terms are recoded to aggregate medically similar PTs.

9.10.

Deaths

In STORM, Part 2, 23 patients died within 30 days of the last dose of study drug. Of
these deaths, 12 were attributed to disease progression, 10 were due to a TEAE (of these,
2 were due to a TEAE considered related to study treatment; pneumonia and sepsis,
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1 patient each), and 1 had no primary cause reported. The only events that led to the
death of >1 patient were sepsis (4 patients) and pneumonia (2 patients) (Table 40).
Details on these 10 patients who died are provided in Appendix E.
Table 40:

Treatment-Emergent Adverse Event Leading to Death Occurring in
≥2 Patients with MM (Safety Population)
Pivotal
STORM,
Pt 2
(N = 123)
n (%)

Sel+dex
(N = 214)
n (%)

All MM
(N = 437)
n (%)

All Heme
(N = 1116)
n (%)

Patients with at least 1 TEAE leading
to death

10 (8.1)

18 (8.4)

38 (8.7)

172 (15.4)

Sepsis

4 (3.3)

4 (1.9)

6 (1.4)

31 (2.8)

Pneumonia

2 (1.6)

2 (0.9)

8 (1.8)

31 (2.8)

Multiple organ dysfunction syndrome

1 (0.8)

2 (0.9)

3 (0.7)

7 (0.6)

0

2 (0.9)

2 (0.5)

2 (0.2)

Subdural haematoma

1 (0.8)

2 (0.9)

2 (0.5)

3 (0.3)

Cerebral haemorrhage

0

0

2 (0.5)

5 (0.4)

Dyspnoea

0

1 (0.5)

2 (0.5)

2 (0.2)

MedDRA Preferred Term

Cardio-respiratory arrest

Database Cutoff Date: 24 April 2018
Sel+dex=selinexor 80 mg plus low-dose dexamethasone in any study
Note: This table uses MedDRA version 20.1.
Note: Selected System Organ Classes are recoded to aggregate medically similar SOCs.
Note: Selected Preferred Terms are recoded to aggregate medically similar PTs.

9.11.

Adverse Events of Special Interest

Adverse events of special interest were generally mild-to-moderate and manageable with
dose modifications or use of supportive care; thereby enabling patients to continue
selinexor therapy.
The summary of the AESIs below is based on all patients with MM (regardless of the
dose of selinexor or if it was administered as a single agent or in combination with
another agent).
9.11.1.

Thrombocytopenia

The development of thrombocytopenia in patients with HM is multifactorial.
Thrombocytopenia may result from decreased production due to bone marrow invasion
and replacement, immune-mediated platelet destruction, and the cumulative lasting
effects of chemotherapy on the bone marrow (Kuznetsov 1992, Liebman 2014).
In preclinical studies, selinexor-induced thrombocytopenia is not associated with
reduction in megakaryocyte numbers. The effects of selinexor on platelet generation are
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related to a slowing of maturation of megakaryocytes and a reduction in their average
ploidy (Machlus 2017).
Key findings related to thrombocytopenia included:
•

A total of 73.2% of patients in STORM Part 2 experienced at least 1 TEAE of
thrombocytopenia (Table 34).

•

The majority of the thrombocytopenia events in STORM Part 2 were ≥Grade 3
(58.5% of patients).

•

In all patients with MM who have received selinexor (in any study), Grade ≥3
bleeding events occurred in <5% of the patients who experienced
thrombocytopenia.
o Out of the 12 events concurrent with bleeding, 9 events were Grade 3 and
3 were Grade 5 (2 events of cerebral hemorrhage and 1 event of subdural
hematoma).
o In STORM Part 2, 22 patients with thrombocytopenia of any Grade had a
concomittant bleeding event (any Grade) within 5 days. Eighteen and
5 patients with Grade ≥3 thrombocytopenia developed any Grade or
Grade ≥3 bleeding events, respectively.

•

Events of thrombocytopenia led to a dose reduction in 28% of patients with MM
receiving Sel+dex (including patients in STORM) and 26.2% of patients
experienced a dose interruption due to the event.

•

Thrombocytopenia resulted in discontinuation of selinexor in 3.7% of patients
with MM receiving Sel+dex.

•

Patients receiving supportive care had a shorter duration of thrombocytopenia
events compared with those who did not receive supportive care (14.3 vs
19.0 days, respectively; Table 41)

The inclusion criteria for STORM and Study 001 established a threshold for platelet
counts at baseline. Patients with ≤50% of their bone marrow nucleated cells were plasma
cells had to have a baseline platelet count ≥75,000/mm3 and patients with >50% of their
bone marrow nucleated cells were plasma cells had to have a baseline platelet count
>50,000/mm3. Both studies had a short washout period of only 2 weeks. Of note, this
short period would not allow the for patients’ bone marrow to adequality recover had
they been experiencing thrombocytopenia related to a prior therapy. Of the patients with
MM who received Sel+dex, 27.6% had a history of thrombocytopenia.
An inverse relationship was observed between the occurrence of thrombocytopenic
events and baseline platelet counts. Nearly every patient who had a baseline platelet
count <75×109/L experienced at least 1 event of Grade 3 or 4 thrombocytopenia
(Figure 21). With higher baseline platelet counts, the occurrence of Grade 3 or
thrombocytopenia occurred less frequently (approximately 40% of patients with baseline
platelet count of >150×109/L).
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Relationship of Grade 3 or 4 Thrombocytopenia and Baseline Platelet
Counts; Study KCP-330-012/STORM (Safety Population)

In summary, thrombocytopenia was frequently reported in patients with MM and was
generally manageable and tolerable, as there was minimal impact on selinexor
administration in terms of discontinuations due to thrombocytopenia TEAEs.
9.11.2.

Nausea/Vomiting

Key findings related to nausea and vomiting included:
•

A total of 78.0% of patients with MM who received at least 1 dose of Sel+dex
(including patients in STORM) experienced at least 1 TEAE of nausea/vomiting.
o The majority of events were mild or moderate intensity with 9.8% of
patients experiencing a Grade 3 event (no events were ≥Grade 4).

•

In 5.1% and 8.9% of patients nausea/vomiting led to either a dose reduction or
interruption, respectively.

•

Treatment-emergent nausea or vomiting appeared to have minimal impact on
patient’s ability to remain on treatment, occurring in 5.1% of patients receiving
Sel+dex.

•

Recommended supportive care measures included use of anti-nausea medications
(in addition to the required 5-HT3 antagonist) including atypical mixed
dopamine/serotonin antagonists, D2-antagonists, and/or NK-1 antagonists.
o In all patients with MM who have been treated with selinexor, those
receiving supportive care had a shorter duration of nausea/vomiting events
compared with those who did not receive supportive care (17.7 vs 26.3
days, respectively; Table 41)
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o Patients who received olanzapine as prophylaxis (starting prior to
baseline) reported fewer events of nausea/vomiting (any Grade; 59.3% vs
70.0%; Table 42)
In conclusion, TEAEs of nausea or vomiting were commonly reported in patients
receiving treatment with selinexor, however, proper symptomatic management early in
the selinexor treatment period could go a long way in improving compliance.
9.11.3.

Fatigue

Fatigue is common in patients with cancer, especially later in the disease course with
advanced stages of cancer. The etiology is multifactorial: underlying disease, particularly
MM, systemic chemotherapy, radiotherapy, anemia, pain, insomnia, anxiety, depression,
and medications for anxiety and pain, including narcotics, antiemetics (e.g., many D2antagonists), and antidepressants. Importantly in myeloma, long-term use of
glucocorticoids can also lead to significant fatigue with steroid withdrawal that occurs
24-48 hours after glucocorticoid dosing.
Key findings related to fatigue included:
•

A total of 32.2% of patients with MM who received at least 1 dose of Sel+dex
(including patients in STORM) had reported fatigue at baseline.

•

A total of 68.7% of patients with MM who received Sel+dex experienced at least
1 TEAE of fatigue.

•

The majority of events were mild or moderate intensity with 19.2% of patients
with MM who received Sel+dex experiencing a Grade 3 event.

•

Of the 281 patients with MM who received Sel+dex who reported fatigue,
concurrent decreased appetite was reported in 54.4% (Grade 3 in 5.3%),
concurrent anemia was reported in 48.4% (Grade 3 in 32.0%) patients; concurrent
weight decreased in 34.2% (Grade 3 in 1.2%) patients, and concurrent
dehydration in 15.3% (Grade 3 in 3.2%) patients.

•

Fatigue rarely resulted in discontinuation of selinexor; occurring in 4.2% of
patients with MM receiving Sel+dex.

•

Recommended supportive care measures included ensuring adequate fluid and
caloric intake, growth factors or blood transfusion (for patients who are anemic
and symptomatic), and psychostimulants.
o In all patients with MM who have been treated with selinexor, those who
receive supportive care had a shorter duration of fatigue events compared
with those who did not receive supportive care (25.5 vs 33.7 days,
respectively; Table 41)
o Patients who received olanzapine reported fewer TEAEs of fatigue (any
Grade; 48.1% vs 64.9%; Table 42)

In conclusion, while treatment-emergent fatigue with selinexor administration occurs
frequently, it is mostly mild or moderate in severity and is tolerable. Along with the
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other constitutional events of decreased appetite and weight decreased, fatigue is not
associated with high rates of serious complications.
9.11.4.

Decreased Weight/Appetite

Weight loss is commonly reported in patients with cancer, and is often accompanied by
other symptoms, such as fatigue, weakness, and loss of energy.
Key findings related to decreased weight included:
•

In STORM Part 2, the median weight lost on study was 4.5 kg (range, loss of
20.9 kg to an increase of 4.0 kg).

•

A total of 46.3% of patients with MM who received at least 1 dose of Sel+dex
(including patients in STORM) experienced at least 1 TEAE of decreased weight.

•

The majority of events were mild or moderate intensity with 0.5% of patients with
MM who received Sel+dex experiencing a Grade 3 event (no events were ≥Grade
4).

•

There were fewer than 5% of patients with MM who received Sel+dex for whom
the event led to either an interruption (3.3%), reduction (3.3%), or discontinuation
of selinexor (2.8%).

•

Recommended supportive care measures included nutritional supplements and
appetite stimulants.
o In all patients with MM who have been treated with selinexor, those who
received supportive care had a shorter duration of decreased appetite
events compared with those who did not receive supportive care (28.0 vs
33.8 days, respectively; Table 41)
o Patients who received olanzapine reported fewer TEAEs of decreased
appetite (any Grade; 33.3% vs 53.7%; Table 42)

In summary, treatment-emergent weight loss following selinexor administration occurred
relatively frequently and mostly with lower severity, and there was no cumulative dose
relationship.
9.11.5.

Hyponatremia

The occurrence of hyponatremia in the patients under study was affected by the medical
complexity of the patient populations studied, their advanced disease (including impaired
thirst reflexes), often in the terminal stages of their malignancies, and multiple additional
confounding factors including indication, previous treatments, infections, current
comorbidities and concomitant medications.
Key findings related to hyponatremia included:
•

Serum sodium was already low at baseline in 12.6% of all patients with MM
(regardless of study) had Grade 1 low sodium (2.3% of patients had Grade 3).

•

A total of 38.8% of patients with MM who received at least 1 dose of Sel+dex
experienced at least 1 TEAE of hyponatremia.
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Grade 3 or 4 hyponatremia was reported in 22.9% of patients with MM who
received Sel+dex; the majority of which were Grade 3 (47 of the 49 patients).
o Median (range) sodium levels in patients in STORM Part 2 with ≥Grade 3
hyponatremia was 128.0 mmol (117-131 mmol).

•

Adverse events of dehydration, vomiting, or diarrhea were reported in the
majority of patients with MM who received Sel+dex with AEs of hyponatremia.

•

The median time to the first event of hyponatremia was 8 days.

•

There were fewer than 5% of patients for whom the event led to either an
interruption (4.2%), reduction (1.9%), or discontinuation of selinexor (2.3%).

•

Recommended supportive care measures included intravenous (IV) saline and/or
salt tablets. Hyponatremia typically improved or resolved rapidly with saline
volume repletion.

A potential factor leading to the development and maintenance of hyponatremia is
inadequate consumption of proteins, calories, and electrolytes. Anorexia and associated
weight loss occurred frequently in patients who developed hyponatremia. Monitoring of
body weight, caloric intake, and hydration status are recommended, especially during the
first 8 weeks of treatment.
In general, the rate of development of hyponatremia over time appears to be gradual.
Furthermore, the lack of serious symptoms or signs accompanying the low sodium
measurements, and the rapid responsiveness to basic treatments, indicate that
hyponatremia is not associated with high rates of serious complications and is amenable
to management and preventative measures.
9.11.6.

Eye Disorders

Monoclonal gammopathies (including MM) are a risk factor for ocular diseases. For
example, patients with MM have an ~1.6-fold increased age-adjusted risk of cataracts.
Patients enrolled in STORM and other Karyopharm-sponsored clinical trials completed
an ophthalmological examination at Screening.
A pooled analysis of ophthalmological findings across all selinexor studies was reviewed
by an independent expert. The conclusion from the review was that there was strong
evidence that in the population of patients with advanced cancers studied, selinexor does
not pose a major risk to the eyes or visual system, particularly given the age of the
population.
Key findings related to eye disorders included:
•

In STORM Part 2, 57.7% of patients entered the study with a history of cataracts

•

A total of 22.0% of patients who received at least 1 dose of Sel+dex experienced
at least 1 eye disorder TEAE.
o The most common eye disorders were blurred vision (13.1% of patients),
visual impairment (3.3%), cataract (2.3%), and dry eye (1.9%).
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•

Eye disorders of a severity of Grade ≥3 was rare (2.3% of patients had a Grade 3
or 4 event).

•

The majority of patients who experienced any cataracts had multiple confounding
risk factors including baseline chronic eye conditions, hypertension and/or
diabetes mellitus, long-term glucocorticoid treatment, age >65 years, and multiple
chemotherapies.

Overall, other than blurred vision without objective ophthalmological findings, selinexor
does not appear to be associated with ocular AEs beyond rates expected in similar
populations. New onset ophthalmological abnormalities associated with the initiation of
selinexor were not commonly associated with objective findings on examination, and
baseline ophthalmological examination did not meaningfully contribute to prognostics or
management of ophthalmological abnormalities.
9.11.7.

Infections

Infections are a major cause of morbidity and mortality in patients with MM (Khayr
2012). Patients with MM have a 7.1-fold higher risk of developing any type of infection
when compared to matched controls (Blimark 2015). In addition, patients with MM have
15.6-fold risk of having septicemia and a 7.7-fold risk of pneumonia. Pneumonia is the
most common infection in patients with MM (Blimark 2015).
Key findings related to infections included:
•

Patients with RRMM have long-term immunosuppression related to both disease
and treatments. While the STORM protocol did not require any specific
antimicrobial agent, 77.2% and 24.4% of the patients were receiving antivirals or
antibacterials, respectively, at baseline prior to entering the study.

•

A total of 51.4% of patients with MM who received at least 1 dose of Sel+dex
(including patients in STORM) experienced at least 1 TEAE of infection.
o Only 4.7% of patients had a treatment-related SAE of infection.

•

In 22.0% of patients with MM receiving Sel+dex, the event was of Grade 3 or 4
severity.
o The most frequently reported Grade ≥3 infections were pneumonia, sepsis,
influenza, lung infection, upper respiratory infection, and bacteremia.

•

In STORM Part 2, pneumonia was reported as an SAE in 14 (11.4%) patients.
o Twelve of the 14 patients recovered from their pneumonia. The 2 patients
who died due to pneumonia included 1 patient with respiratory syncytial
virus and the other was possible aspiration.
o The pneumonia was considered unrelated to Sel+dex by the Investigator in
11 patients.
o All patients with pneumonia had long-term treatment with dexamethasone,
prednisone, alkylating agents and/or other immunosuppressive agents and
had hypoglobulinemia and other risk factors associated with infection.
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Sepsis was reported by the Investigator in 12/123 (9.8%) of patients in STORM
Part 2, 11 of these were SAEs. Eight patients recovered from their sepsis events
and 4 patients died as a result of the event.
o All patients with reported sepsis had long-term treatment with
dexamethasone, prednisone, alkylating agents, and/or another
immunosuppressive agents and had hypoglobulinemia and other risk
factors for infection.
o Seven of the 12 patients had positive cultures with the following identified
organisms (in 1 patient each, unless otherwise specified): influenza A,
gram-negative rods, gram-positive clusters, fungemia (2 patients),
Clostridium difficile (2 patients, with 1 involving a central venous catheter
infection).
▪

Amongst these 7 patients, 2 had neutropenic sepsis with absolute
neutrophil count (ANC) <500 cells/µL: 1 with Gram negative rods
and the other with C. difficile colitis involving a central venous
catheter infection.

▪

Two of these patients died; 1 had fungemia and the other had C.
difficile.

o In 5 of the 12 patients no infectious organism was reported.
▪

Four of these patients had an ANC >1000/µL (ie, non-neutropenic)

▪

The ANC was not reported at the time of the event in 1 of these
patients.

▪

Two of these patients died due to sepsis.

•

Infection led to a dose interruption in 15.4% of patients and a dose reduction in
0.5% of patients.

•

Infections resulted in discontinuation of selinexor in 5.6% of patients.

•

The majority of patients with infections recovered with appropriate antimicrobial
treatment.

•

In STORM Part 2, 6 patients died due to an infection (4 patients had sepsis and
2 patients had pneumonia).
o 2 deaths were considered by the Investigator to be related to study
treatment (1 was due to pneumonia and the other due to sepsis).

In conclusion, selinexor was not associated with a significant risk of infection in patients
with hematological malignancies that is greater than the risk associated with the advanced
stage and refractory nature of the diseases under study.
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Influence of Supportive Care

Appropriate monitoring of patients is important in order to prevent and manage the
adverse events associated with selinexor.
In heavily pretreated RRMM, the side effects of Sel+dex are dose and schedule
dependent, and dose interruptions and reductions can lead to symptom improvement.
The median duration of Sel+dex treatment was 8 weeks (range: 1-60 weeks) and the
majority of patients (79.7%) required at least 1 dose modification. In general, those
patients who received at least 1 dose modification, had a longer median duration of
treatment (13.5 weeks; range: 3-60+ weeks).
In general, the most frequent side effects reported with Sel+dex treatment were
reversible, without evidence of major organ toxicities nor cumulative toxicity. However,
to manage these AEs, it is essential for the clinicians to monitor the patients in order to
identify the potential for an AE early, frequent assessment, and implementation of
supportive care measures as needed. Weekly monitoring during the first 4-8 weeks of
treatment is recommended, followed by at least monthly monitoring thereafter. The most
useful supportive care measure with Sel+dex treatment includes:
•

Gastrointestinal: ondansetron, olanzapine, substance P/neurokinin antagonists

•

Hyponatremia: hydration (oral/IV), salt tablets

•

Fatigue: methylphenidate

•

Thrombocytopenia: dose modifications including change in schedule to QW

Protocols for studies evaluating selinexor provide guidance to the Investigators for
supportive care measures for the most common AEs associated with selinexor.
Investigators are encouraged to follow the guidance but are not required to do so.
Descriptive analyses were performed summarizing the duration of selected AESIs (for
which supportive care guidance was provided).
Patients who received supportive care (examples provided in Table 41) experienced
shorter durations of the events. This was a consistent finding across the 4 AESIs that
were evaluated: thrombocytopenia, nausea/vomiting, fatigue, and decreased appetite.
The greatest reduction was seen with TEAEs of nausea and vomiting; patients receiving
supportive care had a shorter duration of the event by approximately 9 days.
Patients who received olanzapine had fewer days where they experienced
nausea/vomiting, fatigue, or decreased appetite. They also reported fewer TEAEs (any
grade, regardless of duration of each event) of nausea/vomiting, fatigue, or decreased
appetite. In addition, patients who received olanzapine remained on treatment for a
median (range) of 66 (1, 192) days compared with 45 (1, 841) days for patients who did
not receive olanzapine. These results provide preliminary evidence supporting the use of
supportive care measures to help patients manage AEs and allow them to remain on
treatment for a longer period of time.
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Use of Supportive Care Decreases the Duration of Thrombocytopenia, Nausea/vomiting, Fatigue, and Decreased
Appetite; All Patients with Multiple Myeloma Receiving Sel+dex
No Supportive Carea

With Supportive Careb

n (%)

Durationd
(days)

n (%)

Durationd (days)

Thrombocytopenia (158)

153 (96.8)

19.0

31 (19.6)

14.3

Platelet transfusion,
TPO agonists

Nausea/vomiting (167)

124 (74.3)

26.3

98 (58.7)

17.7

Hydration, dexamethasone, megestrol, olanzapine

Fatigue (147)

112 (76.2)

33.7

67 (45.6)

25.5

Dexamethasone, megestrol, olanzapine

c

Event Type (N )

Supportive Care Measures Administered

Ondansetron, dexamethasone, metoclopramide,
prochlorperazine, lorazepam, olanzapine
N=number of patients experiencing at least 1 event of interest; n=the number of patients within the subgroup of patients who experienced at least 1 event of
interest; TPO=thrombopoietin.
a
Patients with at least 1 report of the specific event type with no supportive care provided within 5 days of the event.
b
Patients with at least 1 report of the specific event type with supportive care provided within 5 days of the event.
c
Number of patients with at least 1 occurrence of the event.
d
Duration is provided as the median (maximum, minimum) of the average duration of each event per patient.
Decreased appetite (115)

Table 42:

95 (82.6)

33.8

34 (32.2)

28.0

Influence of Treatment with Olanzapine for Nausea/Vomiting, Fatigue, or Decreased Appetite
Nausea/Vomiting

Fatigue

Decreased Appetite

No Olanzapine
(n=367)

Olanzapinea
(n=27)

No Olanzapine
(n=367)

Olanzapine
(n=27)

No Olanzapine
(n=367)

Olanzapine
(n=27)

Days with no AESIb,c; n (%)

119 (32.4)

14 (51.9)

145 (39.5)

15 (55.6)

181 (49.3)

19 (70.4)

Events of AESIc,d, any Grade; n
(%)

257 (70.0)

16 (59.3)

238 (64.9)

13 (48.1)

197 (53.7)

9 (33.3)

Parameter

a

Patients who received olanzapine prior to entry into the study.
During the treatment period (ie, from first dose to last dose)
,c
The AESI evaluated was either nausea/vomiting, fatigue, or decreased appetite.
d
From first dose through 30 days after the last dose of selinexor.
b
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9.12.

Additional Common Complications in Patients with Multiple
Myeloma

9.12.1.

Renal Impairment

Due to the excess monoclonal light chain production in patients with MM, renal
impairment is a common comorbidity. Approximately 50% of patients with MM have
some degree of renal impairment with 2-12% of patients becoming dependent upon
dialysis (Dimopolous 2015, Yadav 2016).
Based on preclinical results, the kidney was not identified as a target organ for selinexor.
The urinary excretion of selinexor is minimal, and unchanged selinexor accounted for 1%
of elimination by kidney. The PopPK analysis indicated that creatinine clearance had no
impact on the PK parameters of selinexor.
The STORM study was open to patients with a wide range of renal function; allowing
patients an estimated creatinine clearance as low as 20 mL/min (for reference,
<30 mL/min is considered severe renal impairment). As a result, approximately 30% of
patients had moderate or severe chronic renal impairment at baseline.
The majority of cases of selinexor-associated acute kidney injury were consistent with
pre-renal azotemia, often in the context of volume depletion or other cause of
hypoperfusion; both BUN and creatinine levels increased. In most cases, these were
rapidly correctable with volume repletion with no persistent renal damage.
Taken together, these results indicate that Sel+dex can be used in patients with renal
impairment, a common comorbidity in patients with RRMM.
9.12.2.

Neuropathy

Patients with RRMM commonly have peripheral neuropathy which can arise from the
disease and/or treatment-related toxicities (Dimopoulos 2015). Many of the anti-MM
therapies, including PIs (especially bortezomib) and IMiDs, are associated with the
development of peripheral neuropathy.
In STORM Part 2, 47.2% of patients had peripheral neuropathy at baseline. Peripheral
neurophathy was not a common TEAE in the STORM study (experienced by 7.3% of
patients), with only 2 (1.6%) patients experiencing a Grade 3 event (there were no
Grade 4 events). There were no SAEs of peripheral neuropathy and none of the patients
discontinued treatment due to peripheral neuropathy.
Taken together, these results indicate that Sel+dex can be used in patients with
underlying peripheral neuropathy, a common comorbidity in patients with RRMM.

9.13.

Cardiovascular Safety Evaluations

For patients in All MM Pool, no clinically meaningful changes in heart rate were
observed over the course of the study. In addition, there have been no apparent trends in
either systolic or diastolic blood pressure, over time or by dose, in patients receiving
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selinexor. Review of summary data from ECG analyses did not reveal any significant
changes in ECG morphology across the various intervals or rhythms.
In STORM Part 2, 0.8% of patients experienced cardiac failure. None of the patients had
an acute myocardial infarction.

9.14.

Safety Conclusions

Selinexor has a well-defined safety profile. Adverse events reported are predictable,
manageable, and are generally reversible.
Multiple myeloma is a very symptomatic cancer with significant morbidity with resulting
bone pain, pathological fractures, fatigue, peripheral neuropathy, and infections. As the
majority of MM patients are older, these patients have significant baseline non-oncologic
comorbidities, such as diabetes and ocular, cardiovascular, and renal disease. Cytopenias
are particularly common in patients with MM including anemia, thrombocytopenia and
neutropenia.
The patients in the STORM Part 2 study had rapidly progressing MM (median 22%
increase in MM markers in the 12 days prior to the first dose of selinexor), multiple
comorbidities (median of 14) and multiple concomitant drugs (median 8 nononcology
medications). To address the rapidly progressing disease, patients were allowed to be
enrolled following a very short “wash out” period of 2 weeks. As a result, patients may
not have been able to fully recover from AEs related to prior therapies. These factors
could have contributed to the relatively high rates of cytopenias and fatigue at baseline.
The frequency of Grade ≥3 events in STORM Part 2 was 93.5%. Although cross-study
comparisons can be difficult, for various reasons, they can provide context and help
characterize the patient populations, particularly those with complicated medical
conditions and heavily pretreated cancers. For example, a review of multiple Phase 2
clinical trials of pomalidomide (2 or 4 mg) plus low-dose dexamethasone in patients with
double-refractory MM demonstrated Grade ≥3 AE rates of 91% and 94% (Ailawadhi
2018). In that analysis, the dose of pomalidomide was modified in 57% of the patients
while the dose of dexamethasone dose was modified in 40% of the patients across all
cohorts. The majority of these modifications were secondary to AEs, most commonly
due to neutropenia, including febrile neutropenia.
Of the patients in STORM, Part 2, 60.2% experienced at least 1 SAE and 10 patients
(8.1%) died due to an AE. These rates are comparable to those observed in other studies
in heavily pretreated RRMM. In the FOCUS study (N=315), comparing single-agent
carfilzomib versus prednisone plus cyclophosphamide in patients with refractory MM
who had been previously treated with ≥3 prior lines of therapy (median of 5), 51% and
59% of patients experienced an SAE and 10% and 12% of patients died due to an AE,
respectively (Hajek 2017).
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Summary of the Most Common Treatment-emergent Adverse Events: Study KCP-330-012/STORM Part 2
(Safety Population)
Any TEAE
n (%)

TEAE ≥Grade 3
n (%)

SAE
n (%)

TEAE leading to
Dose Modification
n (%)

TEAE leading to
Discontinuation
n (%)

Thrombocytopenia

90 (73.2)

72 (58.5)

3 (2.4)

54 (43.9)

4 (3.3)

Neutropenia

47 (38.2)

27 (22.0)

1 (0.8)

14 (11.4)

0

Anemia

81 (65.9)

52 (42.3)

4 (3.3)

7 (5.7)

3 (2.4)

Fatigue

77 (62.6)

24 (19.5)

4 (3.3)

20 (16.3)

5 (4.1)

Nausea

86 (69.9)

12 (9.8)

2 (1.6)

11 (8.9)

7 (5.7)

Weight decreased

60 (48.8)

0

1 (0.8)

7 (5.7)

5 (4.1)

Hyponatremia

43 (35.0)

25 (20.3)

3 (2.4)

6 (4.9)

0

Decreased appetite

66 (53.7)

5 (4.1)

2 (1.6)

6 (4.9)

2 (1.6)

Vomiting

46 (37.4)

4 (3.3)

1 (0.8)

4 (3.3)

3 (2.4)

Preferred Term
Hematologic

Non-hematologic

Note: Adverse events are coded using MedDRA version 20.1. Patients are counted once within each system organ class and preferred term. Percentages are
based on the number of all-treated patients in each treatment group.
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The safety findings suggest that selinexor has a well-defined, predictable, reversible, and
manageable safety profile with appropriate supportive care and dose modifications in
patients with RRMM and other hematologic malignancies. The most common TEAEs
associated with Sel+dex treatment in patients with heavily pretreated MM are
thrombocytopenia, nausea/vomiting, fatigue, anemia, decreased appetite, decreased
weight, diarrhea, and hyponatremia. The majority of these were further evaluated as
AESIs. Adverse events are a function of dose, schedule, and disease severity. The
common nonhematologic AEs, mainly Grade 1 or Grade 2 in intensity, were generally
manageable with dose modification and/or standard supportive care, and nearly all were
reversible. Constitutional AEs were generally mild to moderate. Grade 3 or 4
thrombocytopenia was not typically associated with bleeding and was treated with dose
modifications and platelet transfusions. High-grade neutropenia was less common, was
not typically associated with febrile neutropenia, and generally responded rapidly to
colony-stimulating factors and/or dose modification.
There is no evidence of clinically substantial cumulative toxicity in patients treated longterm with selinexor. Moreover, Sel+dex has not been associated with significant major
organ toxicities. The longest duration of treatment with selinexor has been >2 years.
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Benefit-Risk Analysis

Patients with triple-class refractory myeloma are at a critical point in the course of the
disease have limited treatment options. Selinexor is a novel, oral therapy that has
demonstrated meaningful efficacy and has a well-characterized and manageable safety
profile.
Each new therapeutic class in MM has improved the OS and extended the lives of
patients with MM. Unfortunately, the disease remains incurable and ultimately will
become refractory to all potential therapeutic options. Patients with triple-class refractory
MM have a disease that is refractory to the 3 major classes of anti-MM agents (IMiD, PI,
and anti-CD38 mAb). These patients tend to be over 67 years of age, with multiple
comorbidities, polypharmacy, and cumulative toxicities resulting from prior therapies.
With the limited therapeutic options available to these patients, their median OS is
estimated at 3-5 months.
Selinexor is an oral, first-in-class, potent SINE that specifically blocks XPO1. STORM
Part 2 was the pivotal study that evaluated the efficacy and safety of selinexor 80 mg plus
low-dose (20 mg) dexamethasone in patients with triple-class refractory MM. The
primary endpoint of STORM was ORR which was assessed by an IRC in accordance
with the IMWG Uniform Response Criteria.
A total of 123 patients were treated in STORM Part 2. These patients were heavily
pretreated, receiving a median of 7 anti-MM regimens (with a median of 10 different
anti-MM agents) and approximately half of the patients had high risk cytogenetics. In
addition, all patients entered the study with rapidly progressing disease (22% increase in
their myeloma markers in a median of 12 days between screening and first dose of
selinexor).
The study met the primary endpoint with patients treated with Sel+dex achieving a 25.4%
ORR (26.2% achieved at the time of the 90-day safety update) including 2 patients who
achieved sCRs that were MRD negative and an additional 6 patients who achieved VGPR
(>90% myeloma reduction), indicating that Sel+dex can induce very deep responses,
even in patients with triple-class refractory MM. Responses were rapid with a median
time to response of 4.1 weeks and the median DOR was 4.4 months. The results of the
study and responses are clinically meaningful and provide clinical benefit to patients.
The ORR observed in the overall mITT was consistently observed across a range of
subgroups, including patients who had received prior SCT, prior daratumumab (either as
a single agent or in combination with another agent), and across all stages of disease and
age ranges. In addition, the ORR was 24.8% in the 25 patients whose disease was
documented to be refractory to the most potent PI (ie, carfilzomib) and IMiD (ie,
pomalidomide), as well as daratumumab, selinexor treatment resulted in a clinical
benefit.
Patients with triple-class refractory MM treated with Sel+dex had a median OS of
8.0 months (updated to 8.6 months at the 90-day update); whereas other studies
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(evaluating the natural history of patients with triple-class refractory MM) have a median
OS of 3-5 months (Pick 2018, FHAD data on file).
For the 49 (39.3%) responders (those who achieved at least MR, a ≥25 to <50% reduction
in myeloma markers) the median OS had not been reached (it was 15.6 months at the 90day update). The prolonged survival in patients with at least MR is important as MR is
considered to be an important response category, particularly in patients with RRMM
whose disease has progressed on available approved therapies (Anderson 2008,
Niesvizky 2008, Rajkumar 2011).
The most common AEs observed with selinexor can be grouped into cytopenias,
gastrointestinal events, and constitutional events. The most common TEAEs reported
with Sel+dex therapy included thrombocytopenia, nausea/vomiting, fatigue, anemia,
decreased appetite, decreased weight, diarrhea, and hyponatremia. These TEAEs are
reversible with dose modulation and supportive care. In addition, there is no evidence of
cumulative toxicities. Major organ toxicities, peripheral neuropathy, febrile neutropenia,
or opportunistic infections were not typically observed with Sel+dex therapy. Finally,
there have been no reported cases of drug-drug interactions (DDI) and patients have
continued their baseline medications without modification.
Continuous treatment with Sel+dex twice weekly demonstrated the maximal activity in
the Phase 1 study (Study 001) and in STORM Part 1. Therefore, this dose and schedule
was chosen to maximize opportunity for disease control and achieve a rapidity of disease
control. Subsequent dose modifications and/or interruptions were permitted and
anticipated. The expectation was that once disease control was achieved the dose of
selinexor could be reduced to fit the needs of each patient in order to maximize
tolerability. As a result, dose modifications and interruptions occurred often and were
successful in improving AEs, enabling the patient to remain on treatment and maximize
clinical benefit. In addition, use of supportive care measures for the commonly reported
AEs resulted in shorter duration of the AE and better overall tolerability.
Of the patients in STORM Part 2, 58.4% experienced at least 1 SAE and 8.1% of patients
died due to an AE. These rates are comparable to those observed in other studies in
heavily pretreated RRMM. For example, in the FOCUS study (N=315), comparing
single-agent carfilzomib and prednisone plus cyclophosphamide in patients with
refractory MM who had been previously treated with ≥3 prior lines of therapy (median of
5), between 51% and 59% of patients experienced a TEAE and between 10% and 12% of
patients died due to an AE (Hajek 2017).
Overall, selinexor 80 mg plus low dose (20 mg) dexamethasone has a positive riskbenefit profile in patients with triple-class refractory MM who have no alternative
treatment options of demonstrated clinical benefit and an estimated survival of 3 to
5 months.
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APPENDIX A. CURRENTLY AVAILABLE TREATMENTS FOR
MULTIPLE MYELOMA
Trade name (generic)
Proteasome inhibitors
Velcade® (bortezomib)

Kyprolis®
(carfilzomib)

Indication

Year

Type

Untreated MM (+ melphalan +
prednisone)
2nd line treatment of MM
3rd line treatment of MM
2nd line treatment of MM

2008

Regular

2005
2003
2015

Regular
Accelerated
Regular

2012
2015

Accelerated
Regular

2015

Regular

2005
2015

Regular
Regular

2013
2006

Accelerated
Accelerated

2014
2015

Reg
Accel

1977

Regular

1964
1992
1959

Regular
Regular
Regular

2007

Regular

3rd line treatment of MM
2nd line tx of MM + lenalidomide +
Ninlaro® (ixazomib)
dex
Immunomodulatory agents
Revlimid®
1st line treatment of MM (+dex)
(lenalidomide)
2nd line treatment of MM (+dex)
Pomalyst®
3rd line treatment of MM (+dex)
(pomalidomide)
3rd line treatment of MM (+dex)
Thalomid®
1st line treatment of MM + dex
(thalidomide)
Anti-CD38 mAb
Darzalex®
4th line treatment of MM
(daratumumab)
Glucocorticoids
Dexamethasone
All lines of MM treatment
a
Prednisone
Alkylating agents
Carmustine (CCNU)b
Treatment of MM + prednisone
Melphalan
Palliative treatment of MM:
Oral
Intravenous
Cyclophosphamidec
Treatment of MM
Anthracyclines
Adriamycin®
Treatment of MM
(doxorubicin)
Doxil® (doxorubicin
2nd line treatment of MM in
hydrochloride
combination with bortezomib (no
liposomal injection)
prior bortezomib)
Anti-SLAM7 (CS1) mAb
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Trade name (generic)
Empliciti®
(elotuzumab)
HDAC inhibitors
Farydak®
(panobinostat)
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Indication
2nd line treatment of MM with
lenalidomide and dexamethasone.

Year
2015

Type
Regular

3rd line treatment of MM with
bortezomib and dexamethasone

2015

Accelerated
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Study Design/
Key Objectives
Multicenter, randomized, openlabel, 2 phase study
Determine effects of high- and
low-fat food on PK of selinexor
tablet vs capsules
Compare PK of 3 selinexor
formulations
Evaluate tumor response
Assess safety and tolerability

Population / N

Treatment

Pts with
metastatic, locally
advanced,
unresectable, or
locally recurrent
soft-tissue or
bone sarcoma
N=54

Selinexor 30 or 50 mg/m2 or 60 mg
twice weekly
3 different formulations: capsules,
tablets (both first and second
generation), and a liquid suspension
(3 mg/mL)
4-wk cycles

a Number of patients who received at least 1 dose of selinexor as of 24 April 2018.
AML=acute myeloid leukemia; AraC=cytosine arabinoside; BOR=bortezomib; BSC=best supportive care;
CAR=carfilzomib; CBR=clinical benefit rate; CR=complete response ; CRR=complete remission rate;
CTCL=cutaneous T-cell lymphoma; DARA=daratumumab; DCR=disease control rate; DEX=dexamethasone;
DFS=disease-free survival; DLBCL=diffuse large B-cell lymphoma; DOR=duration of response; GF=growth factors;
LEN=lenalidomide; MM=multiple myeloma; MTD=maximal tolerated dose; N=number; ND=newly diagnosed;
ORR=overall response rate; OS=overall survival; POM=pomalidomide; PC=physician’s choice;
PDn=pharmacodynamics; PFS=progression-free survival; PK=pharmacokinetics; PTCL=peripheral T-cell lymphoma;
Pts=patients; QD=once daily; QoD=once every other day; QoL=quality of life; QW=once weekly;
RP2D=recommended phase 2 dose; RR=relapsed refractory; RT=Richter’s transformation; TTNT=time to next
treatment; TTP=time to progression; TTR=time to response; WK=weeks.
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APPENDIX D. TABULAR SUMMARIES OF ADVERSE EVENTS
OF ALL PATIENTS RECEIVING SELINEXOR
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Treatment-Emergent Adverse Events ≥Grade 3 in Intensity Reported in ≥10% of Patients in Any Group (Safety
Population)
STORM
MM
MM
Part 2
S(80 mg)+d
Other S+/-d
(N = 123)
(N = 214)
(N = 70)
n (%)
n (%)
n (%)
117 (95.1)
205 (95.8)
70 (100.0)

MedDRA System Organ
Class
MedDRA Preferred Term
Patients with at Least 1 TEAE
≥Grade 3
Blood and lymphatic system
disorders
Thrombocytopenia
72 (58.5)
Anaemia
52 (42.3)
Neutropenia
27 (22.0)
Leukopenia
15 (12.2)
Lymphopenia
14 (11.4)
Febrile neutropenia
2 (1.6)
General disorders and administration site conditions
Fatigue
24 (19.5)
Asthenia
7 (5.7)
Infections and infestations
Pneumonia
13 (10.6)
Sepsis
12 (9.8)
Metabolism and nutrition disorders
Hyponatraemia
25 (20.3)
Decreased appetite
5 (4.1)
Dehydration
4 (3.3)

All MM
(N = 437)
n (%)
393 (89.9)

All Non-MM,
Non-AML
All AML
Hematologic
(N = 308)
(N = 371)
n (%)
n (%)
283 (91.9)
304 (81.9)

All Heme
(N = 1116)
n (%)
980 (87.8)

132 (61.7)
89 (41.6)
49 (22.9)
26 (12.1)
22 (10.3)
6 (2.8)

38 (54.3)
26 (37.1)
21 (30.0)
5 (7.1)
2 (2.9)
6 (8.6)

237 (54.2)
150 (34.3)
123 (28.1)
45 (10.3)
34 (7.8)
19 (4.3)

115 (37.3)
82 (26.6)
48 (15.6)
24 (7.8)
6 (1.9)
78 (25.3)

144 (38.8)
76 (20.5)
82 (22.1)
29 (7.8)
13 (3.5)
20 (5.4)

496 (44.4)
308 (27.6)
253 (22.7)
98 (8.8)
53 (4.7)
117 (10.5)

41 (19.2)
8 (3.7)

10 (14.3)
7 (10.0)

69 (15.8)
18 (4.1)

48 (15.6)
18 (5.8)

44 (11.9)
17 (4.6)

161 (14.4)
53 (4.7)

16 (7.5)
13 (6.1)

11 (15.7)
5 (7.1)

40 (9.2)
23 (5.3)

42 (13.6)
37 (12.0)

24 (6.5)
24 (6.5)

106 (9.5)
84 (7.5)

48 (22.4)
9 (4.2)
6 (2.8)

24 (34.3)
5 (7.1)
7 (10.0)

83 (19.0)
19 (4.3)
16 (3.7)

44 (14.3)
34 (11.0)
13 (4.2)

42 (11.3)
22 (5.9)
11 (3.0)

169 (15.1)
75 (6.7)
40 (3.6)

Database Cutoff Date: 24 April 2018
Note: This table uses MedDRA version 20.1.
Note: Selected System Organ Classes are recoded to aggregate medically similar SOCs.
Note: Selected Preferred Terms are recoded to aggregate medically similar PTs.
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Serious Treatment-Emergent Adverse Events Reported in ≥2% of Patients in Any Group (Safety Population)
STORM
MM
MM
Part 2
S(80 mg)+d
Other S+/-d
(N = 123)
(N = 214)
(N = 70)
n (%)
n (%)
n (%)
74 (60.2)
125 (58.4)
46 (65.7)

MedDRA System Organ
Class
MedDRA Preferred Term
Patients with at Least 1
Serious TEAE
Blood and lymphatic system disorders
Anaemia
4 (3.3)
Thrombocytopenia
3 (2.4)
Febrile neutropenia
0
Gastrointestinal disorders
Diarrhoea
3 (2.4)
Nausea
2 (1.6)
General disorders and administration site conditions
Fatigue
4 (3.3)
General physical health deterioration
Pyrexia
3 (2.4)
Asthenia
2 (1.6)
Infections and infestations
Pneumonia
14 (11.4)
Sepsis
11 (8.9)
Metabolism and nutrition disorders
Dehydration
3 (2.4)
Hyponatraemia
3 (2.4)
Decreased appetite
2 (1.6)
Psychiatric disorders
10 (8.1)
Mental status changes
5 (4.1)
Confusional state
3 (2.4)
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All MM
(N = 437)
n (%)
238 (54.5)

All Non-MM,
Non-AML
All AML
Hematologic
(N = 308)
(N = 371)
n (%)
n (%)
235 (76.3)
205 (55.3)

All ISS
(N = 1116)
n (%)
678 (60.8)

7 (3.3)
10 (4.7)
4 (1.9)

1 (1.4)
2 (2.9)
5 (7.1)

10 (2.3)
15 (3.4)
16 (3.7)

5 (1.6)
5 (1.6)
53 (17.2)

8 (2.2)
7 (1.9)
15 (4.0)

23 (2.1)
27 (2.4)
84 (7.5)

5 (2.3)
5 (2.3)

0
1 (1.4)

7 (1.6)
9 (2.1)

11 (3.6)
2 (0.6)

8 (2.2)
6 (1.6)

26 (2.3)
17 (1.5)

7 (3.3)

0

8 (1.8)

15 (4.9)

5 (1.3)

28 (2.5)

6 (2.8)
3 (1.4)

5 (7.1)
2 (2.9)

15 (3.4)
5 (1.1)

13 (4.2)
5 (1.6)

14 (3.8)
5 (1.3)

42 (3.8)
15 (1.3)

16 (7.5)
12 (5.6)

11 (15.7)
3 (4.3)

42 (9.6)
19 (4.3)

39 (12.7)
33 (10.7)

24 (6.5)
23 (6.2)

105 (9.4)
75 (6.7)

5 (2.3)
5 (2.3)
3 (1.4)
16 (7.5)
6 (2.8)
7 (3.3)

3 (4.3)
2 (2.9)
0
3 (4.3)
0
1 (1.4)

11 (2.5)
7 (1.6)
4 (0.9)
23 (5.3)
6 (1.4)
8 (1.8)

12 (3.9)
4 (1.3)
8 (2.6)
11 (3.6)
3 (1.0)
6 (1.9)

5 (1.3)
5 (1.3)
9 (2.4)
9 (2.4)
0
4 (1.1)

28 (2.5)
16 (1.4)
21 (1.9)
43 (3.9)
9 (0.8)
18 (1.6)
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STORM
Part 2
(N = 123)
n (%)

MedDRA System Organ
Class
MedDRA Preferred Term
Renal and urinary disorders
Acute kidney injury
3 (2.4)
Respiratory, thoracic and mediastinal disorders
Dyspnoea
1 (0.8)
Hypoxia
1 (0.8)

MM
S(80 mg)+d
(N = 214)
n (%)

MM
Other S+/-d
(N = 70)
n (%)

All MM
(N = 437)
n (%)

All AML
(N = 308)
n (%)

All Non-MM,
Non-AML
Hematologic
(N = 371)
n (%)

All ISS
(N = 1116)
n (%)

8 (3.7)

3 (4.3)

15 (3.4)

2 (0.6)

3 (0.8)

20 (1.8)

3 (1.4)
1 (0.5)

0
2 (2.9)

6 (1.4)
3 (0.7)

7 (2.3)
2 (0.6)

10 (2.7)
0

23 (2.1)
5 (0.4)

Database Cutoff Date: 24 April 2018
Note: This table uses MedDRA version 20.1.
Note: Selected System Organ Classes are recoded to aggregate medically similar SOCs.
Note: Selected Preferred Terms are recoded to aggregate medically similar PTs.
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Treatment-emergent Adverse Events Leading to Death in ≥2% of Patients in Any Malignancy (Safety
Population)
STORM
Part 2
(N = 123)
n (%)
10 (8.1)

MM
S(80 mg)+d
(N = 214)
n (%)
18 (8.4)

MedDRA System Organ
Class
MedDRA Preferred Term
Patients with at Least 1
TEAE Leading to Death
Blood and lymphatic system disorders
Febrile neutropenia
0
0
Cardiac disorders
Cardiac failure
0
0
Cardio-respiratory arrest
0
2 (0.9)
General disorders and administration site conditions
Multiple organ dysfunction
1 (0.8)
2 (0.9)
syndrome
Death
0
0
Disease progression
0
0
Fatigue
0
0
General physical health
0
0
deterioration
Pyrexia
0
0
Infections and infestations
Sepsis
4 (3.3)
4 (1.9)
Pneumonia
2 (1.6)
2 (0.9)
Lung infection
0
0
Injury, poisoning and procedural complications
Subdural haematoma
1 (0.8)
2 (0.9)
Neoplasms benign, malignant and unspecified (incl cysts and polyps)
Malignant neoplasm
0
0
progression
Nervous system disorders
Cerebral haemorrhage
0
0
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MM
Other S+/-d
(N = 70)
n (%)
8 (11.4)

All Non-MM,
Non-AML
Hematologic
All ISS
(N = 371)
(N = 1116)
n (%)
n (%)
41 (11.1) 172 (15.4)

All MM
(N = 437)
n (%)
38 (8.7)

All AML
(N = 308)
n (%)
93 (30.2)

0

1 (0.2)

7 (2.3)

1 (0.3)

9 (0.8)

0
0

0
2 (0.5)

2 (0.6)
0

0
0

2 (0.2)
2 (0.2)

0

3 (0.7)

3 (1.0)

1 (0.3)

7 (0.6)

0
0
0
0

0
0
0
0

3 (1.0)
2 (0.6)
2 (0.6)
3 (1.0)

2 (0.5)
0
0
4 (1.1)

5 (0.4)
2 (0.2)
2 (0.2)
7 (0.6)

0

0

2 (0.6)

0

2 (0.2)

1 (1.4)
4 (5.7)
0

6 (1.4)
8 (1.8)
0

19 (6.2)
16 (5.2)
5 (1.6)

6 (1.6)
7 (1.9)
2 (0.5)

31 (2.8)
31 (2.8)
7 (0.6)

0

2 (0.5)

1 (0.3)

0

3 (0.3)

1 (1.4)

1 (0.2)

4 (1.3)

0

5 (0.4)

1 (1.4)

2 (0.5)

3 (1.0)

0

5 (0.4)
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STORM
Part 2
(N = 123)
n (%)
0

MM
S(80 mg)+d
(N = 214)
n (%)
0

MM
Other S+/-d
(N = 70)
n (%)
0

MedDRA System Organ
Class
MedDRA Preferred Term
Haemorrhage intracranial
Psychiatric disorders
Suicide attempt
0
0
0
Respiratory, thoracic and mediastinal disorders
Dyspnoea
0
1 (0.5)
0
Hypoxia
0
0
0
Respiratory failure
0
1 (0.5)
0
Database Cutoff Date: 24 April 2018
Note: This table uses MedDRA version 20.1.
Note: Selected System Organ Classes are recoded to aggregate medically similar SOCs.
Note: Selected Preferred Terms are recoded to aggregate medically similar PTs.
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All MM
(N = 437)
n (%)
1 (0.2)

All AML
(N = 308)
n (%)
2 (0.6)

All Non-MM,
Non-AML
Hematologic
(N = 371)
n (%)
1 (0.3)

All ISS
(N = 1116)
n (%)
4 (0.4)

0

0

2 (0.5)

2 (0.2)

2 (0.5)
0
1 (0.2)

0
2 (0.6)
5 (1.6)

0
0
3 (0.8)

2 (0.2)
2 (0.2)
9 (0.8)
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APPENDIX E. DETAILS REGARDING PATIENTS WHO DIED
DUE TO AN ADVERSE EVENT IN STUDY KCP-330012/STORM
Patients who died due to treatment-related TEAEs:
•

Patient 1 had a past medical history significant for asthenia, fatigue, paroxysmal
atrial fibrillation, myocardial infarction, and hypercreatinemia. The patient had
multiple lines of prior therapy with rapid disease progression including
extramedullary disease and a large plasmacytoma. The patient received selinexor
(80 mg twice-weekly) for 17 days (a total of 6 doses). The patient was admitted
with rapid disease progression, acute renal failure (secondary to fulminant urinary
tract infection and progressive myeloma). The patient had a CT of the chest
consistent with progression of myeloma, with multiple new osseous lesions,
including multiple large bilateral rib soft tissue masses, new lytic lesion in the
posterior aspect of the thoracic (T) 8 vertebral body with soft tissue component
extending to the spinal cord; as well as new patchy areas of mostly ground glass
attenuation in the posterior right upper and lower lobe superior segment,
suggestive of aspiration, pneumonia. Ultimately, given the quick clinical decline
with progressive myeloma, the patient's family decided to transition the patient to
comfort care and the patient died 7 days later. The Investigator assessed the
pneumonia as related to selinexor but considered the progression of the
underlying disease of MM to be another possible cause.

•

Patient 2 had a past medical history of coronary artery disease and peripheral
vascular disease who received 12 lines of therapy prior to Sel+dex treatment.
Patient was on trial for 38 days (80 mg twice-weekly; a total of 12 doses) and
discontinued therapy due to PD and was transitioned to palliative care. Thirteen
days after the last dose of study treatment, the patient experienced sepsis and died
4 days later. The Investigator assessed the sepsis as related to selinexor and did
not provide an alternative cause for the event.

Patients who died due to TEAEs that were unrelated to selinexor:
Sepsis
•

Patient 3 (who had achieved PR on selinexor) experienced fungal sepsis after
taking selinexor for 38 days (80 mg twice-weekly which was reduced to 60
mg on Cycle 2 Day 1; total of 8 doses); the patient also had Grade 3
dysphagia. The last dose of selinexor was taken 9 days prior to the onset of the
fatal event and the patient died 10 days later. The investigator assessed the
fungal sepsis as not related to selinexor.

•

Patient 4 (NE for response) with a past medical history of hepatic vein
thrombosis, leishmaniasis, unstable angina, and coronary artery disease
experienced non-neutropenic septic shock after taking selinexor for 8 days (80
mg twice-weekly; a total of 3 doses). The last dose of selinexor was taken 2
days prior to the onset of the event and the patient died the same day. The
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investigator assessed the septic shock as not related to selinexor and reported
that pre-existing disease was another suspected etiology.
•

Patient 5 (who achieved an MR on selinexor) with no significant past medical
history experienced non-neutropenic sepsis after taking 9 doses of selinexor
over 56 days (two 80 mg doses, six 60 mg doses and one 100 mg dose) and 9
doses of 20 mg dexamethasone, both twice weekly. The last dose of selinexor
was taken 17 days prior to the onset of the nonneutropenic sepsis and the
patient died 9 days later. The investigator assessed the sepsis as not related to
selinexor and related to progression of MM.

Respiratory arrest
• Patient 6 (who achieved an MR on selinexor) had a past medical history
significant for atrial fibrillation, congestive heart failure, cardiomyopathy,
chronic kidney disease, hypertension, and multiple lines of prior therapy. The
patient received 6 doses of selinexor over 38 days (three 80 mg doses, and two
100 mg doses) and 10 doses of 20 mg dexamethasone, both twice weekly with
last selinexor on Day 36. On Day 61, 26 days after last dose of selinexor, the
patient experienced respiratory arrest and died the same day. The investigator
assessed the respiratory arrest as not related to selinexor.
Pneumonia
•

Patient 7 (NE for response) with no significant past medical history
experienced non-neutropenic viral pneumonia and was positive for respiratory
syncytial virus after taking 4 doses of selinexor (80 mg twice-weekly) over 11
days (a total of 4 doses). The last dose of selinexor was taken 4 days prior to
the onset of the event, and the patient died 25 days later. The investigator
assessed the pneumonia as not related to selinexor and considered a hospitalacquired viral infection to be another possible cause of the event.

Subdural hematoma
•

Patient 8 (who experienced 29 days of SD on selinexor and then PD) had a
past medical history of atrial fibrillation/flutter, cataract, fatigue, neuropathy,
and thrombocytopenia. The patient discontinued therapy due to PD on Day 51
days (80 mg twice-weekly; a total of 5 doses). The last dose of selinexor
taken 27 days prior to the onset of the event. On Day 77, the patient had a fall
at home and CT scan showed subdural hematoma and subfalcine herniations.
The family pursued palliative care and the patient died 2 days later. The
investigator assessed the subdural hematoma as not related to selinexor and
reported pre-existing disease of MM as another suspected etiology.

Cardiac disorder
•

Patient 9 (who achieved VGPR on selinexor) had a past medical history
significant for cataracts, paraplegia, and hypertension. The patient had
multiple lines of prior therapy including ASCT. The patient’s last dose was on
Day 52. The patient was admitted with dyspnea, hypoxia, and diarrhea and
was diagnosed with Pneumocystis jirovecci based on bronchoalveolar lavage.
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The patient was non-neutropenic and receiving
sulfamethoxazole/trimethoprim. The patient had a sudden cardiac death and
died on Day 68 in the hospital. The investigator assessed the cardiac disorder
as not related to selinexor. No other suspect etiology was provided.
Multiple organ dysfunction syndrome
•

Patient 10 (who achieved SD on selinexor) had a past medical history of
hypertension, chronic kidney disease, and anemia. The patient had pentaexposed, triple-class-refractory myeloma including prior ASCT. The patient
received selinexor (80 mg twice-weekly which was reduced to 80 mg QW on
Cycle 1 Day 15) for 15 days (a total of 5 doses); the last dose was on Day 22
and was discontinued due to PD. On Day 37, 15 days after the last dose of
selinexor, the patient was admitted for pneumonia and developed septic shock,
acute respiratory distress syndrome, and multi-organ failure. The investigator
assessed the multiple organ dysfunction syndrome as not related to selinexor.
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