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DISCLAIMER STATEMENT 

 
The attached package contains background information prepared by the Food and Drug 
Administration (FDA) for the panel members of the advisory committee.  The FDA 
background package often contains assessments and/or conclusions and 
recommendations written by individual FDA reviewers.  Such conclusions and 
recommendations do not necessarily represent the final position of the individual 
reviewers, nor do they necessarily represent the final position of the Review Division or 
Office.  We have brought the Selinexor NDA to this Advisory Committee in order to gain 
the Committee’s insights and opinions, and the background package may not include all 
issues relevant to the final regulatory recommendation and instead is intended to focus on 
issues identified by the Agency for discussion by the advisory committee.   The FDA will 
not issue a final determination on the issues at hand until input from the advisory 
committee process has been considered and all reviews have been finalized.  The final 
determination may be affected by issues not discussed at the advisory committee 
meeting. 
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ORR Overall response rate 
OS Overall survival 
PC Physician’s choice 
PD Progressive disease 
PFS Progression-free survival 
PI Proteasome inhibitor 
PR Partial response 
PS Propensity score 
PV Protocol version 
QoL Quality of life 
R/R AML Relapsed/refractory AML 
RRMM Relapsed/refractory multiple myeloma 
RWD Real world data 
SAE Serious adverse event 
SAP Statistical analysis plan 
sCR Stringent complete response 
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SLAMF7 Signaling lymphocyte activation molecule F7 
TEAE Treatment-emergent adverse event 
TP53 Tumor suppressor protein 53 
TTP Time-to-progression 
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1. Introduction 

1.1 Proposed Indication 
 
Selinexor, an oral XPO1 inhibitor, is indicated in combination with dexamethasone, for 
the treatment of patients with relapsed refractory multiple myeloma (RRMM) who have 
received at least three prior therapies and whose disease is refractory to at least one 
proteasome inhibitor (PI), at least one immunomodulatory agent (IMiD), and an anti-
CD38 monoclonal antibody (mAb). 

1.2 Executive Summary 
 
NDA 212306 is primarily based on Part 2 of the phase 2b trial, KCP-330-012 (STORM). 
 
STORM was a multicenter, open-label, single arm trial evaluating selinexor in 
combination with dexamethasone in patients with relapsed/refractory multiple myeloma 
(RRMM).  Part 2 enrolled 123 patients with RRMM who had received at least 3 prior 
therapies, including an alkylating agent, bortezomib, carfilzomib, lenalidomide, 
pomalidomide, daratumumab, and a glucocorticoid, and whose disease was considered 
refractory to at least one PI (i.e., bortezomib and/or carfilzomib), at least one IMiD (i.e., 
lenalidomide and/or pomalidomide), and an anti-CD38 mAb (i.e., daratumumab).  The 
primary endpoint was overall response rate (ORR; defined as the proportion of patients 
with a partial response (PR) or better).  Key secondary endpoints included duration of 
response (DOR), progression-free survival (PFS), and overall survival (OS). 
 
Analysis of efficacy is based on 122 patients (modified-intent-to-treat (mITT) population) 
enrolled in Part 2 of STORM.  The primary analysis of safety includes the 123 patients 
enrolled and treated on Part 2 of STORM.  Additional safety analyses include the 79 
patients enrolled and treated in Part 1 of STORM, and patients with other advanced 
hematologic malignancies treated on trials KCP-330-008, KCP-330-009, and KCP-330-
010.  The Applicant also submitted an analysis of real-world data (RWD) in support of 
the NDA. 

 
Efficacy (STORM Part 2) 
 
• The ORR was 25.4% (95% CI 18.0, 34.1), including 2 patients with sCR, 6 patients 

with VGPR, and 23 patients with PR (N = 122).  
 

• The median DOR among responders (N = 31) was 4.4 months (range 0.8, 9.0). 
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Safety (STORM Part 2) 
 
• 23 deaths occurred on or within 30 days of study treatment.  Reasons for death 

included 13 (10.6%) deaths due to disease progression, 10 (8.1%) deaths due to a 
fatal treatment-emergent adverse event (TEAE). 
 

• All patients experienced at least one TEAE, 93.5% experienced at least one severe 
(Grade 3–4) TEAE, and 60.2% experienced at least one serious adverse event (SAE). 
 

• Most patients (88.6%) required at least one dose modification due to a TEAE and 
28.5% of patients permanently discontinued study treatment because of a TEAE. 

2. Issues 

2.1 Single Arm Trial of a Combination 
 
STORM was a single arm trial evaluating the combination of selinexor and 
dexamethasone.  Given that historical studies have shown response rates of 10-27% to 
high-dose dexamethasone for RRMM and selinexor did not demonstrate single agent 
activity in RRMM in the phase 1 trial KCP-330-001, it is difficult to isolate the treatment 
effect of selinexor.   

2.2 Toxicity 
 
Treatment with selinexor is associated with significant toxicity.  In Part 2 of STORM, all 
patients (100%) experienced at least one TEAE, nearly two-thirds (60.2%) of patients 
experienced an SAE, most patients (88.6%) required a dose modification due to a TEAE 
and over a one-quarter (28.5%) of patients discontinued treatment with selinexor-
dexamethasone due to a TEAE.  In the absence of a control arm, it can be challenging to 
interpret safety results.  In study KCP-330-008, a randomized-controlled trial of selinexor 
versus physician’s choice conducted in patients with AML, there was worse overall 
survival in the selinexor arm, highlighting the toxicity of this drug. 

2.3 Dose Selection 
 
As a monotherapy, selinexor yielded only one response (PR) in 56 patients with RRMM 
in the phase 1 dose escalation and expansion study KCP-330-001. The proposed starting 
dose of selinexor 80 mg orally in combination with dexamethasone 20 mg orally on Days 
1 and 3 of each week with or without food was based on data obtained from the phase 1 
trial that included cohorts evaluating two dose levels of selinexor, 45 mg/m2 
(approximately equivalent to 80 mg) or 60 mg/m2 (approximately equivalent to 100 mg), 
in combination with dexamethasone 20 mg on days 1 and 3 of each week in patients with 
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RRMM.  The 45 mg/m2 dose was better tolerated than the 60 mg/m2 dose.  However, the 
Applicant did not evaluate selinexor doses lower than 45 mg/m2 in combination with 
dexamethasone 20 mg at the proposed dosing schedule in trial KCP-330-001. 
 
The proposed starting dose was not well tolerated in the phase 2 trial given that 88.6% 
the patients in Part 2 of STORM required at least one dose modification due to a TEAE 
and 28.5% of patients discontinued treatment with selinexor-dexamethasone due to a 
TEAE.  Exposure-response analyses indicate a relationship between higher exposures and 
adverse events, suggesting that lower doses of selinexor may be better tolerated.   

3. Background 

3.1 Multiple Myeloma 
 
Multiple myeloma (MM) is a hematologic malignancy characterized by clonal expansion 
of plasma cells in the bone marrow and over-production of monoclonal 
immunoglobulins, leading to impaired hematopoiesis, bone destruction, and renal 
dysfunction.  MM is the second most common hematologic malignancy, accounting for 
nearly 2% of all new cancer cases and deaths.  It is estimated that 32,110 new cases of 
MM will be diagnosed and 12,960 patients will die from MM in the U.S. in 2019.1  The 
median age at diagnosis is 69 years, and the 5-year survival rate is approximately 50%.2  
Significant advances have been made in the treatment of MM in recent decades, however, 
it is not considered curable, and most patients will eventually relapse and are likely to 
develop refractory disease.  Treatment of RRMM remains challenging.  In general, the 
duration of remission shortens with each subsequent line of therapy, and patients who 
become refractory to the major classes of available anti-myeloma therapies have very 
poor outcomes.3  

3.2 Multiple Myeloma Treatment 
 
Nine drugs are approved specifically for the treatment of RRMM, and four new drugs or 
biologics have been approved since 2015, including a histone-deacetylase inhibitor, an 
oral PI, an anti-CD38 mAb and an anti-SLAMF7 mAb.  Table 1 shows the drug and 
biologic regimens specifically approved for the treatment of RRMM. 
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including PI 
and IMiD*  

*median 5 prior lines of therapy 

Darzalex 
with Rd 

Regular 
(2016) 

MM, at least 
1 prior line 

PFS RCT: DRd vs. Rd 
PFS: NE vs. 18.4 months 
(HR=0.37) 
ORR: 91.3% 

Darzalex 
with Vd 

Regular 
(2016) 

MM, at least 
1 prior line* 

PFS RCT: DVd vs. Vd 
PFS: NE vs. 7.2 months 
(HR=0.39) 
ORR: 79.3% 
*median 2 prior lines of therapy 

Darzalex  
with Pd 

Regular 
(2017) 

MM, at least 
2 prior lines, 
including len 
and PI*  

ORR Single-arm trial 
ORR: 59.2% 
*median 4 prior lines of therapy 

Empliciti 
(elotuzumab) 
with Rd 

Regular 
(2015)  

MM, 1-3 
prior lines 

PFS RCT: ERd vs. Rd 
PFS: 19.4 vs. 14.9 months  
(HR=0.70) 

Empliciti 
(elotuzumab) 
with Pd 

Regular 
(2018)  

MM, at least 
2 prior lines, 
including len 
and PI 

PFS RCT: EPd vs. Pd 
PFS: 10.3 vs. 4.7 months  
(HR= 0.54) 

Abbreviations: MM = multiple myeloma, ORR = overall response rate, TTP = time to progression, OS = 
overall survival, RCT = randomized controlled trial, V = Velcade, dex = dexamethasone, HR = hazard 
ratio, Rd = Revlimid + dex, PFS = progression-free survival, KRd = Kyprolis + Rd, Kd = Kyprolis + dex, 
Vd = Velcade + dex, len = lenalidomide, PI = proteasome inhibitor, P = pomalidomide, Pd = pomalidomide 
+ dex, PVd = panobinostat + Vd, Ixaz = ixazomib, IMiD = immunomodulatory agent, DRd = daratumumab 
+ Rd, DVd = daratumumab + Vd, ERd = elotuzumab + Rd, EPd = Elotuzumab + Pd 
(Source: FDA) 

4. Drug Description 
 
Selinexor is a first-in-class, oral inhibitor of the nuclear export protein, exportin 1 
(XPO1).  The dosing for the proposed indication is selinexor 80 mg orally twice weekly 
in combination with dexamethasone 20 mg orally twice weekly (on Days 1 and 3), on 
Weeks 1–4 of a 28-day cycle, until disease progression or unacceptable toxicity. 

5. Trial 
 
The efficacy and safety of selinexor for the proposed indication was primarily evaluated 
in Part 2 of study KCP-330-012 (STORM).  Patients with triple-class refractory MM 
were originally included as an exploratory subset of Part 1 of STORM; however, given 
the approval of daratumumab in 2015, the protocol was subsequently amended to address 
the changes in the treatment landscape for RRMM.  Protocol Amendment 3 (Version 4.0) 
expanded the study to enroll approximately 130 additional patients with triple-class 
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divided as 60 mg and 40 mg on separate days 

-3 80 mg total per week: 80 mg once weekly 
  OR 
divided as 40 mg on separate days 

-4 60 mg total per week: 60 mg once weekly 
  OR 
divided as 40 mg and 20 mg on separate days 

-5 40 mg total per week: 40 mg once weekly 
  OR 
divided as 20 mg on separate days 

(Source: KCP-330-012 Clinical Study Report) 
 
Reduction of dexamethasone to 10 mg was permitted for patients who developed partial 
intolerance to glucocorticoids.  In select cases, selinexor could be increased to 100 mg 
twice weekly for patients who were tolerating treatment but had not achieved a response 
better than stable disease (SD), MR or PR.  
 

5.4 Efficacy Evaluation 
 
Disease response in Part 2 of STORM was assessed per the IMWG 2016 criteria5 and 
adjudicated by an IRC.  A portion of the responses in Part 1 were assessed per IMWG 
2014 criteria.6   Laboratory evaluations for MM disease parameters were performed at the 
start of each treatment cycle.  The primary efficacy endpoint was ORR by IRC 
assessment, defined as the proportion of patients achieving sCR, CR, VGPR, or PR.  Key 
secondary endpoints included DOR, clinical benefit rate (CBR), disease control rate 
(DCR), PFS, OS, time-to-progression (TTP) and quality of life (QoL) using the FACT-
MM instrument.  It was estimated that a sample size of 122 patients for Part 2 would 
yield 90% power to detect an ORR of ≥20% against a minimal threshold of 10%, using a 
one-sided test with α=0.025.  The mITT population was defined as patients in Part 2 who 
met all eligibility criteria (or received a waiver to participate) and received at least one 
dose of selinexor. 

5.5 Safety Evaluation 
 
Safety evaluation included collection of all adverse events (AEs) and serious AEs 
(SAEs).  Safety assessments included monitoring of hematology and chemistry panels, 
symptom-directed physical examinations, vital signs, body weight, and determination of 
ECOG performance status.  These assessments were performed at screening, at the start 
of each treatment cycle, and at the end-of-treatment visit.  Additional assessments at 
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Constipation 
Diarrhea 
Nausea 
Vomiting 

23 (29.1) 
37 (46.8) 
60 (75.9) 
36 (45.6) 

27 (22) 
52 (42.3) 
86 (69.9) 
46 (37.4) 

50 (24.8) 
89 (44.1) 
146 (72.3) 
82 (40.6) 

General disorders and administration 
site conditions 
Fatigue c 
General physical health deterioration 
Malaise 
Edema peripheral      
Pyrexia 

 
 

62 (78.4) 
0 

2 (2.5) 
4 (5.1) 

13 (16.5) 

 
 

98 (79.7) 
9 (7.3) 
8 (6.5) 

12 (9.8) 
19 (15.4) 

 
 

160 (79.2) 
9 (4.5) 
10 (5) 

16 (7.9) 
32 (15.8) 

Infections and infestations 
Influenza d 
Pneumonia e 
Sepsis f 
Respiratory tract infection g 

Urinary tract infection 

 
7 (8.9) 
5 (6.3) 
2 (2.5) 

13 (16.5) 
6 (7.6) 

 
2 (1.6) 

17 (13.8) 
11 (8.9) 
21 (17.1) 
3 (2.4) 

 
9 (4.5) 

22 (10.9) 
13 (6.4) 

34 (16.8) 
9 (4.5) 

Injury, poisoning and procedural 
complications 
Fall 
Fracture h 

 
 

5 (6.3) 
5 (6.3) 

 
 

13 (10.6) 
11 (8.9) 

 
 

18 (8.9) 
16 (7.9) 

Investigations 
Alanine aminotransferase increased 
Aspartate aminotransferase increased 
Weight decreased 

 
6 (7.6) 
3 (3.8) 

35 (44.3) 

 
11 (8.9) 
10 (8.1) 
60 (48.8) 

 
17 (8.4) 
13 (6.4) 
95 (47) 

Metabolism and nutrition disorders 
Decreased appetite 
Dehydration 
Hypercalcemia 
Hypercreatinemia i 
Hyperglycemia 
Hyperkalemia 
Hyperuricemia j 
Hypocalcemia 
Hypokalemia 
Hypomagnesemia 
Hyponatremia 
Hypophosphatemia 

 
42 (53.2) 
17 (21.5) 
8 (10.1) 
16 (20.3) 
18 (22.8) 
1 (1.3) 
4 (5.1) 

8 (10.1) 
4 (5.1) 

10 (12.7) 
35 (44.3) 

6 (7.6) 

 
66 (53.7) 
11 (8.9) 
4 (3.3) 

13 (10.6) 
13 (10.6) 
11 (8.9) 
2 (1.6)  

11 (8.9) 
21 (17.1) 
9 (7.3) 
43 (35) 
8 (6.5) 

 
108 (53.5) 
28 (13.9) 
12 (5.9) 

29 (11.4) 
31 (15.3) 
12 (5.9) 

6 (3) 
19 (9.4) 

25 (12.4) 
19 (9.4) 

78 (38.6) 
14 (6.9) 



  NDA 212306 
ODAC Briefing Document  Selinexor 
 
 

31 
 

Musculoskeletal and connective tissue 
disorders 
Arthralgia 
Back pain 
Bone pain 
Muscle spasms 
Muscular weakness 
Pain in extremity 

 
 

6 (7.6) 
9 (11.4) 
8 (10.1) 
4 (5.1) 
5 (6.3) 
4 (5.1) 

 
 

4 (3.3) 
9 (7.3) 

10 (8.1) 
8 (6.5) 
4 (3.3) 
3 (2.4) 

 
 

10 (5) 
18 (8.9) 
18 (8.9) 
12 (5.9) 
9 (4.5) 
7 (3.5) 

Nervous system disorders 
Dizziness 
Dysgeusia 
Headache 
Peripheral neuropathy k 

 
11 (13.9) 
10 (12.7) 
11 (13.9) 

7 (8.9) 

 
19 (15.4) 
12 (9.8) 
9 (7.3) 

11 (8.9) 

 
30 (14.9) 
22 (10.9) 
20 (9.9) 
18 (8.9) 

Psychiatric disorders 
Anxiety 
 Mental status changes l 
 Insomnia 

 
4 (5.1) 

14 (17.7) 
11 (13.9) 

 
7 (5.7) 

21 (17.1) 
19 (15.4) 

 
11 (5.4) 

35 (17.3) 
30 (14.9) 

Renal and urinary disorders 
Renal impairment m 

 
4 (5.1) 

 
7 (5.7) 

 
11 (5.4) 

Respiratory, thoracic and mediastinal 
disorders 
Cough n 
Dyspnea o 

Epistaxis 

 
 

14 (17.7) 
23 (29.1) 
10 (12.7) 

 
 

20 (16.3) 
27 (22) 

15 (12.2) 

 
 

34 (16.8) 
50 (24.8)  
25 (12.4) 

Skin and subcutaneous tissues 
Alopecia 

 
4 (5.1) 

 
2 (1.6) 

 
6 (3) 

Vascular disorders 
Hypertension 

 
4 (5.1) 

 
3 (2.4) 

 
7 (3.5) 

a Includes terms sinus tachycardia, supraventricular tachycardia, and tachycardia 
b Includes terms abdominal pain, abdominal pain upper, and abdominal pain lower 
c Includes terms fatigue and asthenia 
d Includes terms influenza and H1N1 influenza 
e Includes terms pneumonia, atypical pneumonia, pneumocystis jirovecii pneumonia, pneumonia influenzal, 
and pneumonia viral 
f Includes terms sepsis, staphylococcal sepsis, fungal sepsis, and septic shock 
g Includes terms respiratory tract infection, upper respiratory tract infection, and lower respiratory tract 
infection 
h Includes terms cervical vertebral fracture, clavicle fracture, compression fracture, femur fracture, hip 
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a Includes terms fatigue and asthenia 
b Includes terms influenza and H1N1 influenza 
c Includes terms pneumonia, atypical pneumonia, pneumocystis jirovecii pneumonia, pneumonia influenzal, 
and pneumonia viral 
d Includes terms sepsis and septic shock 
e Includes terms femur fracture, hip fracture, humerus fracture, pathological fracture, cervical vertebral 
fracture, compression fracture, lower limb fracture 
f Includes terms mental status changes, confusional state, and delirium 
(Source: FDA Analysis) 
 
  

deterioration 

Infections and infestations 
Influenza b 
Pneumonia c 

Sepsis d 

      

 
4 (5.1) 
4 (5.1) 
1 (1.3) 

 
1 (0.8) 

11 (8.9) 
7 (5.7) 

 
5 (2.5) 

15 (7.4) 
8 (4) 

Injury, poisoning and 
procedural complications 
Fracture e 

 
3 (3.8) 

 
6 (4.9) 

 
9 (4.5) 

Metabolism and nutrition 
disorders 
Decreased appetite 
Hypercalcemia 
Hypercreatinemia 
Hyperglycemia 
Hypokalemia 
Hyponatremia 

 
 

4 (5.1) 
4 (5.1) 
4 (5.1) 

9 (11.4) 
0 

19 (24.1) 

 
 

5 (4.1) 
0 
0 

6 (4.9)  
7 (5.7) 

25 (20.3) 

 
 

9 (4.5) 
4 (2) 
4 (2) 

15 (7.4) 
7 (3.5) 

44 (21.8) 

Psychiatric disorders 
Mental status changes f 

 
8 (10.1) 

 
7 (5.7) 

 
15 (7.4) 

Renal and urinary disorders 
Acute kidney injury 

 
4 (5.1) 

 
2 (1.6) 

 
6 (3) 
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6.3.6 Exposure-Response Analysis of Adverse Events 
 
As described in Section 6.3.1, the proposed dose of selinexor 80 mg in combination with 
dexamethasone 20 mg on Days 1 and 3 during Weeks 1–4 of each 28-day cycle was 
associated with significant toxicity as evidenced in part, by the number of patients with at 
least 1 TEAE (100%), and the frequency of Grade 3–4 TEAEs (94.1%).  In STORM Part 
2, 88.6% of patients had a TEAE that resulted in dose modification (Table 9), and 77.0% 
of patients had 2 or more dose reductions. The fraction of patients at each treatment level 
over time in Part 2 of STORM is shown in Figure 2. It is important to note that the 
treatment (dose) level shown in Figure 2 is half of the total weekly dose and the figure 
excludes missed doses and dose-modifications due to progressive disease. 

Figure 2: STORM Part 2 Relationship of Selinexor Treatment Duration and Fraction of 
Patients at Each Selinexor Treatment Level (N=122) 

 
(Source: FDA Analysis) 
As shown in Figure 2, the fraction of subjects remaining on the starting dose continued to 
decrease over time, with a median duration on selinexor 80 mg twice weekly of 3.5 
weeks.  The occurrence of dose reductions early in therapy suggests that the starting dose 
may not be tolerable. 

The poor tolerability of high doses of selinexor was also observed in the Phase 1 clinical 
trial (KCP-330-001) cohorts that compared selinexor 45 mg/m2 to selinexor 60 mg/m2 
twice weekly with dexamethasone 20 mg, as described in Section 7.1.  A median (range) 
duration of treatment of 15 days (1–93) was observed in the selinexor 60 mg/m2 arm with 
dexamethasone compared to 115 days (8–365) in the selinexor 45 mg/m2 arm with 
dexamethasone.   
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Selinexor Dose 55 mg/m2 (~90 mg) Fixed dose of 60 mg Fixed dose of 60 mg 

Analysis Plan - Revised ITT 
population to 
exclude patients 
treated with ~55 
mg/m2 

- 

Abbreviations: Ara-C = cytarabine, HMA = hypomethylating agent 
(Source: FDA) 
 
For protocol versions < 5.0, the dose of selinexor was 55 mg/m2 (approximately 95 mg). 
The dose was changed to a flat based dose of 60 mg (approximately 35 mg/m2) with 
protocol version 5.0 due to a signal of increased sepsis SAEs associated with selinexor.  
 
PC was selected by the investigator and was limited to 1 of 3 salvage regimens: best 
supportive care (BSC), BSC + Ara-C, or BSC + hypomethylating agent (HMA; either 
decitabine or azacitidine). The PC regimens are listed below: 
 
• Best supportive care: blood product transfusions, antimicrobials, growth factors as 

needed, and hydroxyurea. 
• BSC + low dose Ara-C (LDAC): LDAC 20 mg twice daily subcutaneously on Days 

1–10/14 to be repeated at 28- to 42-day intervals. 
• BSC + HMA:  

o Azacitidine 75 mg/m2 by subcutaneous injection daily on Days 1–7 or Days 1–5 
and 8–9, repeated at 28-day intervals OR  

o Decitabine 20 mg/m2 intravenously on Days 1–5 or Days 1–10, repeated at 28-
day intervals. 

Treatment was to continue until disease progression, unacceptable toxicity, or patient 
withdrawal. 
 
Overall survival (OS) was the primary endpoint.  OS was calculated from the date of 
randomization until the date of death.  The stratified log-rank test, using the strata 
included for randomization, was used to test the null hypothesis that the OS distributions 
are the same for both treatment groups versus the alternative hypothesis that the duration 
of OS for the selinexor + BSC treatment arm is longer than the group treated with PC.  
The hazard ratio for each treatment group was estimated from a Cox proportional hazards 
model stratified by the randomization factors.  Disease response was assessed according 
to International Working Group Criteria.15 

 
The study initially planned to enroll 150 patients, but this was increased in PV 5.0 to 
enroll an additional 171 patients.  The ITT population was changed to only include those 
enrolled on or after protocol version 5.0.  The sample size was designed to have 80% 
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are likely to result in longer OS in STORM compared to the Flatiron Health Analytic 
Database (FHAD) cohort 

 
Thus, the FDA concludes that the evidence generated from the RWD analysis is not 
adequate to provide context/comparison for the overall survival observed in the STORM 
patients. This conclusion is based primarily on the lack of comparability between the 
STORM and FHAD treatment groups.  Further, FDA’s analysis finds that post-hoc 
strategies to create greater comparability across cohorts were inadequate and resulted in 
very limited sample size and unstable estimates. 
  
Detailed analysis of KS-50039 is in Appendix 10.1. 

7.4 Phase 3 Trial (BOSTON) 
 
The Applicant is conducting a randomized phase 3 trial (BOSTON) of selinexor in 
combination with bortezomib and dexamethasone compared to bortezomib and 
dexamethasone alone (Figure 7).  Eligible patients are those with RRMM who have 
received 1–3 prior lines of therapy.  Approximately 364 patients will be randomized 1:1 
to either arm.  The primary endpoint is PFS as assessed by an IRC.  The trial has 
completed accrual and topline data is expected in Q4 of 2019, with a regulatory 
submission planned in 2020. 
 
Figure 7: Phase 3 Trial (BOSTON) Study Schema 

 
(Source: FDA) 
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8. Summary 

8.1 Conclusions 
 
• In the pivotal study, KCP-330-012 (STORM) Part 2, the combination of selinexor and 

dexamethasone demonstrated limited efficacy and significant toxicity in patients with 
RRMM. 
 

• The ORR was 25.4% (95% CI 18.0, 34.1), with a median DOR of 4.4 months (range 
0.8, 9.0) among the 31 responders out of a total of 122 patients.  Responses included 
2 patients with sCR and 6 patients with VGPR; however, most patients (23/31) who 
responded only achieved a PR. 
 

• Selinexor-dexamethasone was associated with significant toxicity in this population 
of patients with RRMM.  In Part 2 of STORM, all patients (100%) experienced at 
least one TEAE, 93.5% experienced at least one severe (Grade 3-4) TEAE, 60.2% 
experienced at least one SAE, and 8.1% experienced a fatal TEAE.  The most 
common TEAEs (occurring in ≥ 30% of patients) were anemia, leukopenia, 
neutropenia, thrombocytopenia, diarrhea, nausea, vomiting, fatigue, weight 
decreased, decreased appetite, and hyponatremia. The most common Grade 3-4 
TEAEs (occurring in ≥ 20% of patients were anemia, neutropenia, thrombocytopenia, 
fatigue, and hyponatremia.  The most common SAEs (occurring in ≥ 5% of patients) 
were pneumonia, sepsis, and mental status changes.  Over one-quarter (26.8%) of 
patients discontinued study treatment due to a TEAE.  Fatal TEAEs included 
pneumonia (2 patients), sepsis/septic shock (4 patients), and subdural hematoma, 
cardiac disorder, respiratory arrest and multiple organ dysfunction syndrome (1 
patient each). 
 

• The proposed starting dose of selinexor 80 mg BIW is not well tolerated, as 
evidenced by the high rate of dose modification due to TEAEs, as well as the frequent 
dose reductions early during treatment on the STORM trial.  The correlation between 
patient exposure and the occurrence of TEAEs such as thrombocytopenia, 
neutropenia, hyponatremia, and fatigue, suggest that increased exposure to selinexor 
leads to increased adverse events.  These relationships also suggest that a lower 
starting dose may impart a lower rate of TEAEs and better tolerability. 
 

• Given the limited efficacy and significant toxicity demonstrated in this population, it 
is unclear whether treatment with selinexor-dexamethasone provides a clinically 
meaningful benefit that outweighs the risks of treatment.  The limitations of 
interpreting safety and efficacy from a single arm trial, and lack of single agent 
activity of selinexor coupled with historical data showing activity of dexamethasone 
in RRMM, add to the challenges in interpreting the results of the pivotal study in 
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support of the proposed indication. 
 

• The RWD analyses of the FHAD population were not prespecified and have major 
methodological issues.  The results of Study KS-50039 are difficult to interpret due 
these limitations, and therefore, are not acceptable as supportive evidence for the 
NDA. 

8.2 Draft Discussion Topics 
 
• Are the results of KCP-330-012 (STORM) conclusive enough to allow for an 

adequate assessment of the safety and efficacy of Selinexor in the proposed patient 
population? 
 

• Do the results of KCP-330-012 (STORM) demonstrate that treatment with Selinexor 
provides a benefit that outweighs the risks from the treatment? 

8.3 Draft Voting Question 
 
Should the approval of selinexor be delayed until results of the randomized phase 3 trial, 
BOSTON, are available? 
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10. Appendices 

10.1 Real World Data, Study KS-50039 
 
10.1.1 Background 
 
The FDA recently published a Framework for FDA’s Real-World Evidence Program 
(FDA, 2018) for evaluating the potential use of real-world evidence data (RWD) to help 
support the approval of new indications for a drug already approved under the Federal 
Food, Drug, and Cosmetic Act (FD&C Act) Section 505(c) or to help support or satisfy 
drug post-approval study requirements.  In addition, the FDA published a guidance 
document on Best Practices for Conducting and Reporting Pharmacoepidemiologic 
Safety Studies Using Electronic Healthcare Data in 2013 (FDA, 2013).  These two 
documents, as well as published literature (Public Policy Committee, 2016; Wang, 2017), 
outline the principles and considerations when observational studies are performed to 
generate evidence for regulatory decision-making.  To enhance transparency and 
facilitate evaluation of validity, FDA requires submission of study protocols and 
statistical analysis plans (SAP) prior to study initiation.  Pre-specification of study 
protocols and SAPs can preclude unplanned multiple testing and analyses, which may 
inflate Type I error probability and lead to spurious or un-reproducible findings.  In 
support of NDA 212306 for selinexor, the Applicant submitted analyses using 
retrospectively collected electronic health record (EHR) data.  However, neither the 
protocol or SAP for the selinexor RWD analysis was submitted to FDA prior to the 
conduct of the study.  FDA was made aware of Study KS-50039 upon receiving the final 
study report on October 6, 2018. 
 
Study KS-50039 was a retrospective observational study using EHR data, also referred to 
as real-world data (RWD) in this document, from the Flatiron Health Analytic Database 
(FHAD) with the goals of characterizing the survival of a population similar to that 
studied in Part 2 of STORM and comparing the OS results from the RWD to the OS 
results from Part 2 of STORM.  
 
Without having reviewed and consented to a protocol and SAP, FDA cannot be certain 
that the protocol and SAP were pre-specified and unchanged during the data selection 
and analyses.  Further, upon receipt of the NDA and the RWD study, FDA requested the 
Applicant address several issues that presented challenges for comparison of the two 
study samples.  These issues, and how the Applicant addressed them, are discussed in 
more detail below.  The summary of FDA’s information requests (IR) and the 
Applicant’s response to FDA IRs are included in Appendix 10.1.8.    
 
This appendix discusses the Applicant’s initially submitted data and analyses, as well as 
updated analyses after FDA’s IR on December 12, 2018. 
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Figure 8: Attrition Diagram for Selection of Patients in FHAD 

 
(Source: Applicant’s KS-50039 Study Report Dated August 6, 2018) 
 
10.1.3 Index Date Issues 
 
Systematic differences in how the index date was defined may have resulted in biased 
results.  Overall survival is defined as the time from the index date until death by any 
cause.  The definition of the index date has a direct effect on the length of the observed 
survival time intervals.  Systematic differences in the way the index date is determined 
across the treatment arms can be a source of bias.  Randomizing treatment assignments in 
clinical trials controls for known and unknown confounders, including those associated 
with the initial point (index date) of a patient’s survival interval.  We highlight this point 
because the index date is directly related to the OS endpoint and systematic differences in 
the index date across treatment arms will directly impact estimation of differences in OS.  
We expand on this point further in this appendix. 
 
The results from the primary analysis are displayed in Table 32.  Due to major 
methodological issues (including immortal time bias, selection bias, misclassification, 
confounding, and missing data), the FDA does not consider these results adequate to 
support regulatory decision making. 
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Note: Red box represents minimum level of immortal time bias. 
(Source: FDA Analysis) 
 
Additionally, the Applicant’s report notes that FHAD patients were indexed on the day 
they became penta-exposed, but not necessarily on the day they became triple-class 
refractory.  Given the short-observed survival in the FHAD cohort, many FHAD patients 
may not have survived long enough to reach the same prior therapy definition as in the 
STORM study, and thus they are likely not an appropriate comparison.  This is further 
evidenced by the fact that STORM patients had mean time from diagnosis to index date 
of 78.1 months versus 42.1 months for the FHAD patients. 
 
The index date for both the STORM trial and FHAD should be the day of study treatment 
initiation after becoming penta-exposed and triple-class refractory.  This definition of 
index date was suggested by FDA during a meeting with the Applicant on December 19, 
2018 and requested by FDA in an IR sent on January 4, 2019.  The index date was 
updated for the Applicant’s sensitivity analyses submitted on January 11, 2019. 
 
The original index date definitions induce immortal time bias in the results of the study 
(Figure 10).  In other words, for patients to be in the selinexor treatment arm, they are 
required to have lived long enough to enroll on the study.  Patients on the FHAD arm do 
not have this requirement.  The immortal time bias in the KS-50039 study manifests itself 
as the plateau in the STORM Kaplan-Meier curve (Figure 9 above). 
 

Figure 9: Unadjusted OS by Study Population 
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Figure 10: Immortal Time/Selection Bias 

 
 (Source: FDA) 
 
In Figure 10 (above), each line represents a hypothetical patient; the circles containing 
letters represent treatment regimens; Tp represents the treatment after which a patient may 
be considered triple-class refractory; X represents death.  The index date is set at 
treatment Tp failure for all patients.  To set the index date for patients in STORM 
according to the above definition, one must look back into the patients record to 
determine the failure date of the previous regimen.  This requirement excludes patients 
who do not live long enough to enroll in STORM.  In contrast, patients with short 
survival times are not systematically excluded from the FHAD set. 
 
10.1.4 Comparability Issues 
 
In addition to difference in inclusion and exclusion criteria as shown in Table 31 (above), 
additional factors result in a lack of comparability between the FHAD and STORM 
cohorts.  The RWD analysis compares patients in STORM, who are sufficiently healthy 
to enroll in a clinical trial, versus patients in FHAD who may or may not receive 
additional therapy.  Patients who have failed their current treatment but do not receive 
another treatment likely have a lower expectation for overall survival.  Clinical trial 
patients, who would likely have been more similar to the STORM cohort, were explicitly 
excluded from the FHAD cohort.  Although page 61 of the Applicant’s Briefing 
Document states, “The demographics of the patients in STORM are representative of 
real-world patients with triple-class refractory multiple myeloma,” imbalances in baseline 
characteristics between the FHAD and STORM cohorts were noted (Table 33).  For 
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the next treatment after becoming penta-exposed and triple-class refractory in the FHAD 
set. 
 
To explore and address the lack of comparability, the FDA requested that the Applicant 
consider criteria to achieve greater comparability across comparison cohorts. 
Specifically, the FDA found that the original criteria used to identify patients in the 
FHAD population differed from the eligibility criteria for patients in the STORM 
population in key aspects which limit the ability to compare the two populations and may 
bias the overall survival results in favor of the STORM population. 

 
• Patients in STORM were required to meet criteria for having previous treatment with 

an alkylating agent, measurable disease based on IMWG criteria (e.g. serum M-
protein ≥0.5g/dL, urinary M-protein excretion ≥200mg/24hrs, FLC ≥100mg/L), and 
adequate renal, hepatic and hematologic function (e.g., platelet count, hemoglobin, 
etc.). 
 

• Patients with smoldering MM, plasma cell leukemia, amyloidosis, central nervous 
system MM, graft vs host disease at C1D1, unstable cardiovascular function, HIV 
seropositivity, hepatitis A, B, or C infection, prior malignancy that required treatment 
or has shown evidence of recurrence, Grade ≥3 peripheral neuropathy or Grade ≥2 
painful neuropathy, receipt of transfusions, and life expectancy < 4 months were 
excluded from STORM.  

 
Furthermore, the Applicant excluded patients from the FHAD population who had 
treatment exposure to lenalidomide, pomalidomide, bortezomib, carfilzomib, or 
daratumumab in the clinical trial setting. 
 
FDA also noted in the IR, that to be comparable to the STORM population, the FHAD 
population should be one that is receiving active anti-myeloma therapy.  In the original 
dataset submitted to the FDA, 28 (44%) patients in the FHAD population did not receive 
subsequent anti-myeloma therapy.   
 
In the 1/4/2019 IR, FDA stated that, to avoid confounding, patients in the STORM 
dataset who received treatments after selinexor should be excluded from a comparison of 
survival times. 
 
The Applicant responded to the FDA 12/12/2018 and 1/4/2019 IRs on 1/11/2019 with an 
updated data set that included 37 patients in the FHAD arm and 64 patients from the 
STORM trial.  Although the Applicant updated the index date definition per FDA’s 
recommendation, evidence of incomparability across baseline characteristics persisted. 
Table 34 displays the major incomparable baseline characteristics using the updated 
index data.  The Applicant’s OS analysis results and Kaplan-Meier Survival Curves for 
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during the data selection and analyses.  This uncertainty and the knowledge that 
subsequent unmasked analyses have been performed could lead to overly optimistic 
conclusions. 
 
We note that the Applicant performed sensitivity analyses using the updated data sets 
containing 37 FHAD and 64 STORM patients by adjusting the inclusion of patients based 
on several criteria.  The results are summarized in Table 36 below.  The analyses adjusted 
each factor one at a time.  To be conservative, several or all of the factors should be 
adjusted together.  Moreover, several of the factors used in the sensitivity analyses are 
inclusion criteria for STORM.  For the STORM and FHAD data sets to be compatible, 
the FHAD data set should be modified to follow these criteria. 
 



  NDA 212306 
ODAC Briefing Document  Selinexor 
 
 

64 
 

Table 36: Sensitivity Analyses of OS Using the Updated Index Date and Selection 
Criteria 

 
(Source: Applicant’s Response to Information Request Dated January 11, 2019) 
 
Key inclusion and exclusion criteria not addressed completely in the FHAD data set 
construction are: 
 
• Platelets ≥ 75,000/mm3 for patients with <50% of bone marrow nucleated cells are 

plasma cells, or ≥ 50,000/mm3 for patients with ≥50% of bone marrow nucleated cells 
are plasma cells (patient platelet counts are equal to or greater than 50,000/mm3) 

• Hemoglobin level > 8.5g/dL (>8.0 g/dL with approval from medical monitor) 
• Patients must have had prior alkylating agents 
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10.1.9 STORM Phase 2b Inclusion/Exclusion Criteria 
The following are the Inclusion/Exclusion Criteria from Amendment 3, Protocol Version 
4.0, which expanded enrollment to include an additional ~130 patients, revised the 
protocol to make Part 2 the ITT population for the primary efficacy analysis, and revised 
the patient population to evaluate patients with more refractory disease. 
 
Inclusion Criteria: 
Patients must meet all of the following inclusion criteria to be eligible to enroll in this 
study: 
1. Written informed consent in accordance with federal, local, and institutional 

guidelines. 
2. Age ≥18 years at the time of signing informed consent. 
3. Measurable MM based on modified IMWG guidelines as defined by at 

least one of the following:  
a. Serum M-protein ≥ 0.5 g/dL by serum electrophoresis (SPEP) or, for IgA 

myeloma, by quantitative IgA 
b. Urinary M-protein excretion ≥200 mg/24 hours 
c. FLC ≥ 100 mg/L, provided that the FLC ratio is abnormal 
d. If serum protein electrophoresis is felt to be unreliable for routine M-

protein measurement, then quantitative Ig levels by nephelometry or 
turbidometry are acceptable 

4. Patients must h a v e  p r e v i o u s l y  received ≥3 anti-MM regimens 
including: an alkylating agent, lenalidomide, pomalidomide, bortezomib, 
carfilzomib, either daratumumab or isatuximab, and a glucocorticoid. 
There is no upper limit on the number of prior therapies provided that all 
other inclusion/exclusion criteria are met. 

5. MM refractory to previous treatment with one or more glucocorticoids, parenteral PI 
(i.e., bortezomib and/or carfilzomib), IMiD (i.e., lenalidomide and/or pomalidomide), 
and anti-CD38 mAb (i.e., either daratumumab or isatuximab). Refractory is defined as 
≤ 25% response to therapy, or progression during therapy or progression within 60 
days after completion of therapy. 

6. Multiple myeloma that is refractory to the patient’s most recent anti-MM regimen. 
(Documented severe intolerance to the patient’s last therapy is allowed upon approval 
by the Medical Monitor). 

7. Any clinically significant non-hematological toxicities (except for peripheral 
neuropathy as described in exclusion criterion #18) that patients experienced from 
treatments in previous clinical studies must have resolved to ≤ Grade 2 by Cycle 1 
Day 1. 

8. Adequate hepatic function within 21 days prior to Cycle 1 Day 1: total 
bilirubin < 2x upper limit of normal (ULN) (except patients with Gilbert’s 
syndrome who must have a total bilirubin of < 3x ULN), AST < 2.5x 
ULN and ALT < 2.5x ULN. 
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9. Adequate renal function within 21 days prior to Cycle 1 Day 1: estimated 
creatinine clearance of ≥ 20 mL/min, calculated using the formula of Cockcroft and 
Gault. 

10. Female patients of child-bearing potential must agree to use dual methods of 
contraception and have a negative serum pregnancy test at screening. Male 
patients must use an effective barrier method of contraception if sexually 
active with a female of child-bearing potential. For both male and female 
patients, effective methods of contraception must be used throughout the 
study and for three months following the last dose of study treatment. 

11. Eastern Cooperative Oncology Group (ECOG) Performance Status of ≤ 2. 
12. Adequate hematopoietic function within 21 days prior to Cycle 1 Day 1 

(See Exclusion Criterion #21 for transfusion washout periods for RBCs and 
platelets):  
a. Total WBC count ≥ 1,500/mm3 
b. ANC ≥ 1000/mm3 
c. Platelet count ≥ 75,000/mm3 (patients in whom <50% of bone marrow 

nucleated cells are plasma cells) or ≥50,000/mm3 (patients in whom 
>50% of bone marrow nucleated cells are plasma cells. [ Platelet 
transfusions < 1 week prior to Cycle 1 Day 1 are prohibited (see 
below).]  

13. Hemoglobin l e v e l  ≥ 8.5 gm/dL on Cycle 1 Day 1. In certain cases, 
patients with stable baseline hemoglobin level > 8.0 may be included 
following approval by the Medical Monitor. [Red blood cell transfusions < 2 
weeks prior to Cycle 1 Day 1 are prohibited (see below).] 

14. Confirmation of patient eligibility for study participation with the Medical 
Monitor. 

 
Exclusion Criteria: 
1. Active smoldering MM. 
2. Active plasma cell leukemia. 
3. Documented systemic amyloid light chain amyloidosis. 
4. Active central nervous system (CNS) MM. 
5. Pregnancy or breastfeeding. 
6. Radiation, chemotherapy, or immunotherapy or any other anticancer therapy ≤ 2 

weeks prior to Cycle 1 Day 1, and radio-immunotherapy 6 weeks prior to Cycle 1 Day 
1. 

7. Active graft vs. host disease (after allogeneic stem cell transplantation) at Cycle 1 Day 
1. 

8. Life expectancy of < 4 months. 
9. Major surgery within four weeks prior to Cycle 1 Day 1. 
10. Active, unstable cardiovascular function: 

a. Symptomatic ischemia, or 
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b. Uncontrolled clinically-significant conduction abnormalities (e.g., 
patients  with ventricular tachycardia on antiarrhythmics are 
excluded; patients with 1st degree atrioventricular (AV) block or 
asymptomatic left anterior fascicular block/right bundle branch block 
(LAFB/RBBB) will not be excluded), or 

c. Congestive heart failure (CHF) of New York Heart Association 
(NYHA) Class ≥ 3, or 

d. Myocardial infarction (MI) within 3 months prior to Cycle 1 Day 1. 
11. Active, uncontrolled hypertension. 
12. Uncontrolled active infection requiring parenteral antibiotics, antivirals, or 

antifungals within one week prior to first dose. 
13. Known HIV seropositive. 
14. Known active hepatitis A, B, or C infection; or known to be positive for HCV RNA 

or HBsAg (HBV surface antigen). 
15. Prior malignancy that required treatment or has shown evidence of recurrence (except 

for non-melanoma skin cancer or adequately treated cervical carcinoma in situ) 
during the 5 years prior to enrollment. Cancer treated with curative intent > 5 years 
previously and without evidence of recurrence will be allowed.  

16. Active GI dysfunction interfering with the ability to swallow tablets, or any GI 
dysfunction that could interfere with absorption of study treatment. 

17. Grade ≥ 3 peripheral neuropathy, and Grade 2 panful neuropathy, within 21 days 
prior to Cycle 1 Day 1. 

18. Serious, active psychiatric or medical conditions which, in the opinion of the 
Investigator, could interfere with treatment. 

19. Participation in an investigational anti-cancer study within 21 days prior to Cycle 1 
Day 1. 

20. Receipt of transfusions as follows: 
a. Platelet infusion within 1 week prior to Cycle 1 Day 1. 
b. RBC transfusion within 2 weeks prior to Cycle 1 Day 1.  

21. Known intolerance to glucocorticoid therapy at Cycle 1 Day 1. 
22. Unable or Unwilling to comply with protocol requirements, including providing a 24-

hour urine sample at the required study time points. 
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10.2: Exposure-Response Analyses for Adverse Events 
 
An exposure-response analysis for safety was conducted for the following adverse events 
from the ISS: 

• AEDECOD = “Neutropenia” and “Neutrophil count decreased” 
• AEDECOD = “Thrombocytopenia” 
• AESOC = “Gastrointestinal disorders” 
• AEDECOD = “Diarrhea”  
• AEDECOD = “Vomiting”  
• AEDECOD = “Decreased appetite” 
• AEDECOD = “Weight decreased”  
• AEDECOD = “Fatigue” 
• AEDECOD = “Hyponatremia”  
• AESOC = “Eye disorders” 

 
This analysis was performed for both the PK-safety set (N = 623 with PK from studies 
KCP-330-01, KCP-330-008, KCP-330-009, KCP-330-010, and KCP-330-012) and the 
MM patient population (N = 201 with PK, studies KCP-330-001 and KCP-330-012).  
The time to the first event for the individual was determined and was utilized to calculate 
the dose intensity (cumulative dose to event/time to event).  The dose intensity was then 
divided by clearance to give a ‘time-averaged’ AUC.  The individuals were assigned a 
rank order based on these time-average AUCs and divided into four quartiles.  The 
occurrence of the first events by AUC quartile were plotted in Figures 13–22 in a stacked 
bar chart, grouped by the toxicity grade for that first adverse event.  For most of these 
plots, higher exposure indicated a higher rate of AEs.  The results appeared similar 
between the two populations. 
 
For each of the following graphs (Figures 13–22), the y-axis is the number of subjects 
with the adverse event.  The grade of the adverse event refers to the grade at the first 
occurrence for that individual. 
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Figure 13: Exposure-Response Relationship for Neutropenia and Decreased Neutrophil 
Count 

 
(Source: FDA Analysis) 
 
 
Figure 14: Exposure-Response Relationship for Thrombocytopenia 

 
(Source: FDA Analysis) 
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Figure 15: Exposure-Response Relationship for Gastrointestinal Disorders 

 
(Source: FDA Analysis) 
 
 
Figure 16: Exposure-Response Relationship for Diarrhea 

 
(Source: FDA Analysis) 
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Figure 17: Exposure-Response Relationship for Vomiting 

 
(Source: FDA Analysis) 
 
 
Figure 18: Exposure-Response Relationship for Decreased Appetite 

 
(Source: FDA Analysis) 
 
 



  NDA 212306 
ODAC Briefing Document  Selinexor 
 
 

75 
 

Figure 19: Exposure-Response Relationship for Decreased Weight 

 
(Source: FDA Analysis) 
 
 
Figure 20: Exposure-Response Relationship for Fatigue 

 
(Source: FDA Analysis) 
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Figure 21: Exposure-Response Relationship for Hyponatremia 

 
(Source: FDA Analysis) 
 
 
Figure 22: Exposure-Response Relationship for Ocular Safety Events 

 
(Source: FDA Analysis) 
 
 




