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Abstract

In the phase 3 BOSTON study, patients with multiple myeloma (MM) after 1–3 prior

regimens were randomized to once-weekly selinexor (an oral inhibitor of exportin

1 [XPO1]) plus bortezomib-dexamethasone (XVd) or twice-weekly bortezomib-

dexamethasone (Vd). Compared with Vd, XVd was associated with significant

improvements in median progression-free survival (PFS), overall response rate (ORR),

and lower rates of peripheral neuropathy, with trends in overall survival (OS) favoring

XVd. In BOSTON, 141 (35.1%) patients had MM with high-risk (presence of del[17p],

t[4;14], t[14;16], or ≥4 copies of amp1q21) cytogenetics (XVd, n = 70; Vd, n = 71),

and 261 (64.9%) exhibited standard-risk cytogenetics (XVd, n = 125; Vd, n = 136).

Among patients with high-risk MM, median PFS was 12.91 months for XVd and

8.61 months for Vd (HR, 0.73 [95% CI, (0.4673, 1.1406)], p = 0.082), and ORRs were

78.6% and 57.7%, respectively (OR 2.68; p = 0.004). In the standard-risk subgroup,

median PFS was 16.62 months for XVd and 9.46 months for Vd (HR 0.61;

p = 0.004), and ORRs were 75.2% and 64.7%, respectively (OR 1.65; p = 0.033). The

safety profiles of XVd and Vd in both subgroups were consistent with the overall

population. These data suggest that selinexor can confer benefits to patients with

MM regardless of cytogenetic risk. ClinicalTrials.gov identifier: NCT03110562.

1 | INTRODUCTION

Front-line treatment of multiple myeloma (MM) includes immunomod-

ulatory drugs (IMiDs), monoclonal antibodies (mAbs), and/or

proteasome inhibitors (PI), with or without high dose alkylating agents

followed by stem cell transplantation. Despite these highly active

agents, essentially all patients will relapse and require subsequent

therapies. Multiple myeloma cytogenetics have been shown to influ-

ence disease outcomes, with high-risk anomalies such as del(17p),

t(4;14), t(14;16), and amp1q211–3 associated with shorter progres-

sion-free survival (PFS) and overall survival (OS) relative to those with

standard-risk cytogenetics.4,5 Given that patients with high-risk cyto-

genetics have inferior outcomes, there is a need to evaluate whether

novel treatment regimens can overcome the negative impact of these

cytogenetic alterations in patients with previously treated MM.

Exportin 1 (XPO1), an oncoprotein overexpressed in various

hematologic and solid tumor malignancies including MM,6,7 transports

certain proteins and RNAs from the nucleus to the cytoplasm.8,9 In

addition to correlating with more aggressive MM, elevated levels of

XPO1 have been shown to correlate with resistance to proteasome

inhibitors8–11 and to IMiDs.12 In cancer cells, overexpression of XPO1

leads to the nuclear export of tumor suppressor proteins (TSP) and

the glucocorticoid receptor, culminating in their functional inactiva-

tion. High XPO1 also facilitates the nuclear export and translation of

several oncoprotein mRNAs (e.g., cyclin D1, c-myc) leading to ele-

vated oncoprotein levels.8,9,13

Selinexor is a potent, oral, selective inhibitor of nuclear export

(SINE) compound that binds reversibly and selectively to Cys528 in

the cargo-binding pocket of XPO1.14 XPO1 inhibition forces the

nuclear localization and functional inactivation of TSP, trapping IκBα

in the nucleus leading to suppression of nuclear factor κB (NF-κB)

activity, enhanced glucocorticoid receptor function and reduction in

oncoprotein mRNA translation.10,15 These actions induce the apopto-

sis of tumor cells, while largely sparing normal cells.10,16 In preclinical

studies, selinexor increased p53 localization in the nucleus and syn-

ergized with PIs to induce significant cytotoxicity in PI-resistant MM
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cells10 and in a MM xenograft mouse model.17 The phase 1b/2

STOMP study confirmed these data, with XVd demonstrating on ORR

of 84% in patients with bortezomib non-refractory MM and 43% for

patients with disease refractory to a PI in a previous line of therapy.18

This was particularly compelling, as the XVd regimen utilized only

once weekly bortezomib rather than the standard twice weekly

bortezomib dosing, along with 25% less dexamethasone than standard

Vd. Of note, two of the four patients with high-risk cytogenetics at

screening responded to treatment with a CR in a patient with t(4;14)

for 16.7 months and a VGPR in a patient with del(17p) for

32.9 months. Rates of peripheral neuropathy were low, consistent

with the weekly bortezomib.

Selinexor is approved in the United States for the treatment of

patients with previously treated MM19 and diffuse large B-cell lym-

phoma.20 The approval for MM was based on efficacy and safety in a

prespecified subgroup analysis of 83 patients in Part 2 of the STORM

study (NCT02336815), in which twice weekly sel-dex was administered

to patients whose disease was refractory to bortezomib, carfilzomib,

lenalidomide, pomalidomide, and daratumumab. The ORR was 25.3%

with one stringent complete response (CR), four very good partial

responses, and 16 partial responses.7 In the phase 3 BOSTON study,

treatment with the once weekly selinexor plus once weekly bortezomib

and low dose (40 mg) dexamethasone (XVd) was compared with stan-

dard twice-weekly bortezomib and moderate dose (80 mg) dexametha-

sone (Vd) in patients with previously treated MM.19 Overall, relative to

Vd-treated patients, XVd-treated patients experienced significant

improvements in median PFS (13.93 vs. 9.46 months; HR 0.70,

p = 0.0075) and ORR (76.4% vs. 62.3%), with lower rates of any-grade

(32.3% vs. 47.1%) and grade ≥2 (21.0% vs. 34.3%) peripheral neuropa-

thy,19 with 37% fewer clinic visits required on the weekly XVd regimen.

To further evaluate the impact of cytogenetics on the efficacy and

safety of selinexor-based combination therapy, this report summarizes

outcomes from pre-specified analyses of patients with high-risk versus

standard-risk cytogenetics participating in the BOSTON study.

2 | PATIENTS AND METHODS

2.1 | Study design and patients

BOSTON (NCT03110562) was an international, active-controlled,

open-label, randomized, phase 3 study.19 Eligible patients were aged

≥18 years with histologically confirmed MM per International Mye-

loma Working Group (IMWG) criteria21 previously treated with 1–3

anti-MM regimens. Prior treatment with a PI (alone or in combination)

was permitted provided that the patient had achieved at least a partial

response (PR), discontinuation was not due to a treatment-related

grade ≥3 toxicity, and ≥6 months had elapsed since last dose. Patients

with an Eastern Cooperative Oncology Group performance status

score >2; inadequate liver, renal, or hematopoietic function; active,

unstable cardiovascular function; major surgery in the 4 weeks prior

to the first dose of study treatment; a history of malignancy that

required treatment or showed evidence of recurrence (PI refractory

disease was excluded); uncontrolled active infection; systemic light

chain amyloidosis; MM characterized by central nervous system

involvement; and >grade 2 peripheral neuropathy or grade ≥2 periph-

eral neuropathy with pain were ineligible.

BOSTON was conducted in compliance with the Declaration of

Helsinki, the International Conference on Harmonization Guidelines

for Good Clinical Practice, and applicable national and local regulatory

requirements. The study protocol was approved by the Independent

Ethics Committee/Institutional Review Board at each participating

site, and all patients provided written informed consent.

2.2 | Treatment

Patients in each participating country were randomized (1:1) to either

XVd or Vd, with randomization stratified by prior PI treatment (yes vs.

no), number of prior anti-MM regimens (one vs. 2–3), and disease

stage per the revised International Staging System (R-ISS; I–II vs. III).

Those assigned to XVd received oral selinexor 100 mg on Days 1, 8,

15, 22, and 29; subcutaneous bortezomib 1.3 mg/m2 on Days 1, 8,

15, and 22; and oral dexamethasone 20 mg on Days 1, 2, 8, 9, 15, 16,

22, 23, 29, and 30 of each 35-day cycle. During cycles 1–8, patients

assigned to Vd received subcutaneous bortezomib 1.3 mg/m2 on

Days 1, 4, 8, and 11 and oral dexamethasone 20 mg on Days 1, 2,

4, 5, 8, 9, 11, and 12 of each 21-day cycle. Beginning with cycle 9,

patients assigned to Vd received bortezomib on Days 1, 8, 15, and

22 and dexamethasone on Days 1, 2, 8, 9, 15, 16, 22, 23, 29, and

30 of each 35-day cycle. Treatment was administered until disease

progression, unacceptable toxicity, or another discontinuation crite-

rion was met. Patients on the Vd arm who developed objective, IRC-

confirmed progression were permitted to cross over to a selinexor-

containing regimen.

2.3 | Outcomes

The primary endpoint was PFS (time from randomization to disease

progression or death, whichever occurred first), as assessed by an

independent review committee (IRC based on IMWG Criteria21). Sec-

ondary endpoints included OS (time from randomization to death or

loss to follow-up), ORR (determined by IRC based on IMWG criteria),

duration of response (DOR; time from first confirmed response

[≥PR] to confirmed disease progression or death, whichever occurred

first), time to next therapy (TTNT; time from last dose of study treat-

ment to first dose of non-study treatment), rates of grade ≥2 periph-

eral neuropathy and safety. Adverse events (AEs) were coded per

the Medical Dictionary for Regulatory Activities version 22.0 and

graded per Common Terminology Criteria for Adverse Events

version 4.03.

In pre-specified analyses, the primary and secondary endpoints

were evaluated in the subgroups of patients with high-risk and

standard-risk cytogenetic features. Fluorescent in situ hybridization

(FISH) was performed centrally on CD138-positive cells isolated from
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bone marrow aspirates collected at screening. The high-risk group

included patients with at least one of the following cytogenetic abnor-

malities: del(17p), t(4;14), t(14;16), or amplification (≥4 copies) of

1q21 in at least 10% of screened plasma cells. Prognostic values of

poor outcomes determined by FISH include cell positivity levels of

10%–20% for t(4;14) and t(14:16),22,23 50% for del(17p),24 and 20%

for amp1q21.24,25 The standard-risk group consisted of all other

patients with known or unknown baseline cytogenetics.

2.4 | Statistics

All efficacy analyses were performed on the intent-to-treat (ITT)

population (all randomized patients). The safety population (all

patients who received ≥1 dose of study treatment) was used for

the safety analyses. PFS, OS, DOR, and TTNT were evaluated

using the Kaplan–Meier method. The hazard ratios (HRs) and

corresponding 95% confidence intervals (CIs) were estimated via

TABLE 1 Baseline characteristics by cytogenetic risk status and treatment

High-risk cytogeneticsa Standard-risk cytogenetics

XVd (n = 70) Vd (n = 71) XVd (n = 125) Vd (n = 136)

Median age, years (range) 70 (45–84) 71 (49–90) 65 (40–87) 67 (38–84)

Age group, n (%)

18–50 years 4 (5.7) 1 (1.4) 11 (8.8) 10 (7.4)

51–64 years 24 (34.3) 23 (32.4) 47 (37.6) 41 (30.1)

65–74 years 29 (41.4) 32 (45.1) 46 (36.8) 53 (39.0)

≥75 years 13 (18.6) 15 (21.1) 21 (16.8) 32 (23.5)

Male, n (%) 34 (48.6) 39 (54.9) 81 (64.8) 76 (55.9)

ECOG performance status, n (%)

0 29 (41.4) 28 (39.4) 40 (32.0) 49 (36.0)

1 34 (48.6) 41 (57.7) 72 (57.6) 73 (53.7)

2 7 (10.0) 2 (2.8) 13 (10.4) 14 (10.3)

ISS stage at screening, n (%)

I 37 (52.9) 34 (47.9) 60 (48.0) 68 (50.0)

II 21 (30.0) 26 (36.6) 45 (36.0) 47 (34.6)

III 12 (17.1) 11 (15.5) 20 (16.0) 21 (15.4)

R-ISS disease stage at screening, n (%)

I 10 (14.3) 8 (11.3) 46 (36.8) 44 (32.4)

II 53 (75.7) 53 (74.6) 64 (51.2) 72 (52.9)

III 6 (8.6) 8 (11.3) 6 (4.8) 8 (5.9)

Unknown 1 (1.4) 2 (2.8) 9 (7.2) 12 (8.8)

Median time since initial diagnosis, years (range) 3.5 (1.1–23.0) 3.0 (0.6–22.0) 4.08 (0.4–21.5) 3.83 (0.4–18.4)

Lines of prior therapy, n (%)

1 35 (50.0) 32 (45.1) 64 (51.2) 67 (49.3)

2 22 (31.4) 20 (28.2) 43 (34.4) 44 (32.4)

3 13 (18.6) 19 (26.8) 18 (14.4) 25 (18.4)

Prior SCT, n (%) 26 (37.1) 28 (39.4) 50 (40.0) 35 (25.7)

Prior therapy, n (%)

Bortezomib 54 (77.1) 52 (73.2) 80 (64.0) 93 (68.4)

Carfilzomib 11 (15.7) 9 (12.7) 9 (7.2) 12 (8.8)

Ixazomib 3 (4.3) 1 (1.4) 3 (2.4) 2 (1.5)

Daratumumab 3 (4.3) 5 (7.0) 8 (6.4) 1 (0.7)

Lenalidomide 26 (37.1) 29 (40.8) 51 (40.8) 48 (35.3)

Pomalidomide 4 (5.7) 3 (4.2) 7 (5.6) 4 (2.9)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ISS, International Staging System; R-ISS, Revised International Staging System; SCT, stem cell

transplantation; Vd, bortezomib and dexamethasone; XVd, selinexor, bortezomib, and dexamethasone.
aPatients were considered high-risk if they presented with ≥1 of the following cytogenetic abnormalities: del17p, t(4;14), t(14;16), or amplification of 1q21

(≥4 copies).
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a Cox proportional-hazards model, with treatment as a covariate.

Median survival/duration and associated 95% CIs were estimated

via the Kaplan–Meier method. ORR was summarized using

odds ratios (ORs) and 95% CIs. The differences between

treatment arms in each cytogenetic risk subgroup were compared

using either a one-sided, log-rank test (PFS, OS, DOR, and TTNT)

or a one-sided, Cochran–Mantel–Haenszel chi-square test (ORR).

Safety outcomes were summarized using descriptive statistics. As

the BOSTON study was not powered for these pre-specified

subgroup analyses, one-sided p values are used throughout and

should be considered nominal (i.e., for illustrative purposes only).

3 | RESULTS

3.1 | Patients

A total of 402 patients with MM previously treated with 1–3 prior

regimens were randomized in the BOSTON study (XVd, n = 195; Vd,

n = 207). Of these, 141 (35.1%) patients had MM with high-risk cyto-

genetics (XVd, n = 70; Vd, n = 71) and 261 (64.9%) had MM with

standard-risk cytogenetics (XVd, n = 125; Vd, n = 136). Baseline

demographic and disease characteristics were generally balanced

between treatment arms in subgroups defined by cytogenetic risk

F IGURE 1 Progression-free survival. Patients with A, high-risk and B, standard-risk cytogenetics. CI, confidence interval; HR, hazard ratio;
PFS, progression-free survival; Vd, bortezomib and dexamethasone; XVd, selinexor, bortezomib, and dexamethasone [Color figure can be viewed
at wileyonlinelibrary.com]

1124 RICHARD ET AL.

http://wileyonlinelibrary.com


(Table 1). In both treatment arms, amplification of 1q21 (≥4 copies)

was the most common cytogenetic abnormality (XVd, 22.1%; Vd,

18.8%) (Table S1). Proportionally fewer males than females had high-risk

cytogenetic features (51.8% [73/141] vs. 60.2% [157/261]). Bortezomib

was the most commonly used prior therapy (high-risk, 75.2% [106/141];

standard-risk, 66.3% [173/261]) followed by lenalidomide (high-risk,

39.0% [55/141]; standard-risk, 37.9% [99/261]).

3.2 | Efficacy

Median PFS in the high-risk group was longer for patients who

received XVd (12.91 months) versus 8.61 months in those that

received Vd (HR, 0.73; 95% CI, 0.47–1.14; one-sided p = 0.083) (Fig-

ure 1(A)). Among those with standard-risk cytogenetics, median PFS

was longer for XVd than for Vd: 16.62 versus 9.46 months (HR, 0.61;

95% CI, 0.42–0.88; one-sided p = 0.004) (Figure 1(B)).

The ORR was greater for XVd than for Vd in both the high-risk

(78.6% vs. 57.7%; one-sided p = 0.004) and standard-risk (75.2% vs.

64.7%; p = 0.033) subgroups (Table 2). In the high-risk subgroup, the

proportion of patients who achieved a very good PR (VGPR) or better

was almost two-fold higher for XVd than for Vd (30.0% vs. 18.3%).

Patients receiving XVd in both standard-risk and high-risk groups had

had lower progressive disease (PD) rates than patients receiving Vd

(high-risk, XVd 0% vs. Vd 7.0%; standard-risk. XVd 0.8% vs. Vd 3.7%).

The rate of stable disease (SD) in high-risk patients was lower in the

XVd arm (7.1%) as compared to the Vd arm (21.1%). Median TTNT

was prolonged with XVd relative to Vd in both the high-risk (14.03

vs. 8.61 months; one-sided p = 0.018) and standard-risk (18.23 vs.

11.73 months; one-sided p = 0.018) subgroups (Table 2).

TABLE 2 Efficacy outcomes by
cytogenetic risk status and treatment

High-risk cytogeneticsa Standard-risk cytogenetics

XVd (n = 70) Vd (n = 71) XVd (n = 125) Vd (n = 136)

Median PFS 12.91 8.61 16.62 9.46

HR (95% CI) 0.73 (0.47–1.14) 0.61 (0.42–0.88)

One-sided p value 0.083 0.004

Median OS, months 22.87 24.84 NR NR

HR (95% CI) 0.87 (0.52–1.46) 0.75 (0.46–1.23)

One-sided p value 0.304 0.129

ORR, n (%) 55 (78.6) 41 (57.7) 94 (75.2) 88 (64.7)

OR (95% CI) 2.68 (1.28–5.62) 1.65 (0.97–2.83)

One-sided p value 0.004 0.033

Best overall response, n (%)

Stringent CR 4 (5.7) 3 (4.2) 15 (12.0) 10 (7.4)

≥CR 4 (5.7) 5 (7.0) 10 (8.0) 4 (2.9)

VGPR 21 (30.0) 13 (18.3) 33 (26.4) 32 (23.5)

PR 26 (37.1) 20 (28.2) 36 (28.8) 42 (30.9)

MR 10 (14.3) 5 (7.0) 6 (4.8) 15 (11.0)

SD 5 (7.1) 15 (21.1) 20 (16.0) 25 (18.4)

PD 0 5 (7.0) 1 (0.8) 5 (3.7)

NE 0 5 (7.0) 4 (3.2) 3 (2.2)

Median DOR, months 12.55 12.68 NR 12.88

HR (95% CI) 1.04 (0.59–1.83) 0.61 (0.38–0.98)

One-sided p value 0.55 0.019

Median TTNT, months 14.03 8.61 18.23 11.73

HR (95% CI) 0.64 (0.42–0.97) 0.71 (0.51–0.98)

One-sided p value 0.018 0.018

Abbreviations: CI, confidence interval; CR, complete response; DOR, duration of response; HR, hazard

ratio; MR, minimal response; NE, not evaluated; OR, odds ratio; ORR, overall response rate; OS, overall

survival; PD, progressive disease; PR, partial response; SD, stable disease; TTNT, time to next treatment;

Vd, bortezomib and dexamethasone; VGPR, very good partial response; XVd, selinexor, bortezomib, and

dexamethasone.
aPatients were considered high-risk if they presented with ≥1 of the following cytogenetic abnormalities:

del17p, t(4;14), t(14;16), or amplification of 1q21 (≥4 copies).
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Despite patients in the trial being relatively early in their course

of disease, the limited follow up (median around 21 months for all

groups), and the ability for patients on Vd with objective progression

to cross over to a selinexor containing regimen, the OS in the high-

and standard-risk subgroups tended to favor XVd: In the high-risk

subgroup, the HR for OS was 0.87 (XVd vs. Vd, 95% CI [0.52, 1.46],

one-sided p = 0.304). In the standard-risk subgroup, the HR for OS

was 0.75 (95% CI [0.46, 1.23], one-sided p = 0.129). Patients treated

with XVd had numerically lower rates of death in both the standard

risk group (21.6%) and in the high-risk group (38.6%) as compared to

Vd treated patients (28.7% and 43.7% respectively), although these

trends did not reach statistical significance.

Efficacy endpoints were also evaluated by type of cytogenetic

abnormality (Table S2). The results in patients with del(17p), that is,

deletion of at least one copy of the p53 TSP, demonstrated a signif-

icant increase in PFS with XVd treatment (12.22 vs. 5.91 months;

HR, 0.38; 95% CI, 0.16–086; one-sided p = 0.008). ORR was signif-

icantly also improved with XVd compared to Vd: 76.2% vs. 37.5%

TABLE 3 Safety outcomes by cytogenetic risk status and treatment

High-risk cytogeneticsa Standard-risk cytogenetics

XVd (n = 70) Vd (n = 70) XVd (n = 125) Vd (n = 134)

Any AE, n (%)b 70 (100.0) 66 (94.3) 124 (99.2) 132 (98.5)

Thrombocytopenia 50 (71.4) 23 (32.9) 70 (56.0) 33 (24.6)

Nausea 34 (48.6) 5 (7.1) 64 (51.2) 15 (11.2)

Fatigue 30 (42.9) 14 (20.0) 52 (41.6) 23 (17.2)

Neuropathy peripheral 26 (37.1) 34 (48.6) 37 (29.6) 63 (47.0)

Decreased appetite 22 (31.4) 1 (1.4) 47 (37.6) 10 (7.5)

Anemia 21 (30.0) 16 (22.9) 51 (40.8) 32 (23.9)

Diarrhea 20 (28.6) 14 (20.0) 45 (36.0) 38 (28.4)

Weight decreased 19 (27.1) 6 (8.6) 32 (25.6) 19 (14.2)

Asthenia 19 (27.1) 7 (10.0) 29 (23.2) 20 (14.9)

Upper respiratory tract infection 14 (20.0) 10 (14.3) 25 (20.0) 20 (14.9)

Cataract 11 (15.7) 5 (7.1) 32 (25.6) 9 (6.7)

Vomiting 11 (15.7) 0 29 (23.2) 10 (7.5)

Grade ≥3 hematologic AEs, n (%)c 60 (85.7) 45 (64.3) 106 (84.8) 82 (61.2)

Thrombocytopenia 38 (54.3) 14 (20.0) 40 (32.0) 22 (16.4)

Anemia 10 (14.3) 7 (10.0) 21 (16.8) 14 (10.4)

Neutropenia 9 (12.9) 5 (7.1) 8 (6.4) 2 (1.5)

Grade ≥3 non-hematologic AEs, n (%)c

Pneumonia 11 (15.7) 9 (12.9) 11 (8.8) 13 (9.7)

Fatigue 10 (14.3) 0 16 (12.8) 2 (1.5)

Peripheral neuropathy 5 (7.1) 3 (4.3) 4 (3.2) 15 (11.2)

Asthenia 5 (7.1) 3 (4.3) 11 (8.8) 6 (4.5)

Cataract 6 (8.6) 1 (1.4) 13 (10.4) 3 (2.2)

Nausea 4 (5.7) 0 11 (8.8) 0

Hypertension 3 (4.3) 3 (4.3) 5 (4.0) 3 (2.2)

Diarrhea 2 (2.9) 0 11 (8.8) 1 (0.7)

Hypophosphatemia 3 (4.3) 1 (1.4) 7 (5.6) 2 (1.5)

Hyponatraemia 2 (2.9) 0 7 (5.6) 1 (0.7)

Vomiting 0 0 8 (6.4) 0

Decreased appetite 0 0 7 (5.6) 0

Discontinuation due to an AE, n (%) 11 (15.7) 6 (8.6) 30 (24.0) 26 (19.4)

Death due to an AE, n (%) 2 (2.9) 3 (4.3) 10 (8.0) 7 (5.2)

Abbreviations: AE, adverse event; Vd, bortezomib and dexamethasone; XVd, selinexor, bortezomib, and dexamethasone.
aCytogenetic risk status was determined centrally via fluorescent in situ hybridization.
bPreferred terms reported in >20% of patients in any subgroup are presented.
cPreferred terms reported in >5% of patients in any subgroup are presented.
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(OR 5.3, CI95% 1.28–22.19; one-sided p = 0.010), as well as

median TTNT: 14.78 versus 7.62 months (HR 0.30 95% CI, 0.12–

0.75; one-sided p = 0.003). Patients with del(17p) treated with XVd

versus Vd had a trend towards improved DOR (14.75

vs. 6.82 months; HR 0.43, 95% CI 0.13–1.40; one-sided p = 0.08).

Interestingly, the OS in patients with del(17p) significantly favored

XVd: HR 0.43 (95% CI 0.16–1.16; one-sided p = 0.04), although

the median values were similar: 22.21 versus 21.22 months. In the

subset of patients with two or more cytogenetic abnormalities, a

trend towards improved ORR was observed with XVd compared to

Vd: 85.0% versus 64.7% (OR 3.09, 95% CI 0.64–15.00; one-sided

p = 0.079). While standard risk patients demonstrated significantly

prolonged PFS with XVd, PFS in patients with ≥2 cytogenetic

abnormalities receiving XVd (15.47 vs. 5.91 months; HR 0.54, 95%

CI 0.22–1.33; one-sided p = 0.09) and TTNT (14.03 vs.

7.62 months; HR 0.54, 95% CI 0.23–1.30; one-sided p = 0.082)

(Table S3) showed a trend in favor of XVd over Vd.

Generally, XVd conferred improvements in median PFS and ORR

relative to Vd in patient subgroups defined by cytogenetic risk status

except t(14;16) and baseline disease characteristics, including number

of prior lines of therapy, prior treatment with lenalidomide, and creati-

nine clearance.19,26 Interestingly, XVd was significantly more effective

over Vd for patients with R-ISS Stages I-II disease (Table S4).

3.3 | Safety

In the high-risk and standard-risk subgroups, one and two patients,

respectively, assigned to Vd did not receive study treatment. Thus,

the safety analyses included 70 XVd-treated and 70 Vd-treated

patients with high-risk cytogenetics and 125 XVd-treated and

134 Vd-treated patients with standard-risk cytogenetics. The safety

profiles of XVd and Vd in the high-risk and standard-risk subgroups

were generally similar. Over the course of the therapy (average

duration e_x007E;10 months), the majority of patients in each sub-

group (94.3%–100.0%) experienced ≥1 AE (Table 3). In both cytoge-

netic risk subgroups, thrombocytopenia and nausea were the most

common AEs and were more frequently reported in XVd- versus Vd-

treated patients.

The most common grade ≥3 AE was thrombocytopenia, which

was more common in XVd-treated than Vd-treated patients in both

the high-risk (54.3% vs. 20.0%) and standard-risk (32.0% vs. 16.4%)

subgroups (Table 3). Of note, despite the higher rates of thrombocyto-

penia with XVd versus Vd, the occurrence of clinically significant

(Grade ≥3) bleeding was similar and low (i.e., only one in XVd and two

in Vd). In the high-risk subgroup, the rate of grade ≥2 peripheral neu-

ropathy was less common in XVd-treated than in Vd-treated patients

(25.7% vs. 35.7%). Similarly, in the standard-risk subgroup, the rate of

grade ≥2 peripheral neuropathy was lower with XVd than Vd (18.4%

vs. 33.6%). The most common non-hematologic grade ≥3 AE was

pneumonia, which occurred at similar frequencies across treatments

arms in the high-risk (12.9%–15.7%) and standard-risk (9.7%–8.8%)

subgroups.

The proportion of patients who discontinued treatment due to an

AE was greater among XVd-treated than Vd-treated patients in the

high-risk subgroup (15.7% vs. 8.6%) and in the standard-risk subgroup

(24.0% vs. 19.4%). Five and 17 patients in the high-risk (XVd, n = 2;

Vd, n = 3) and standard-risk (XVd, n = 10; Vd, n = 7) subgroups,

respectively, died due to an AE.

4 | DISCUSSION

The BOSTON trial represents the first large Phase 3 study in previ-

ously treated MM to utilize once weekly bortezomib and low dose

dexamethasone in the experimental arm, consistent with common

clinical practice. The once weekly XVd regimen demonstrated superior

PFS, ORR, and TTNT, with a trend towards improved OS, as compared

with standard twice weekly Vd across the entire population of

patients enrolled in the study. In the pre-specified subgroup analyses

from the phase 3 BOSTON study, XVd yielded more favorable effi-

cacy outcomes relative to Vd in patients with at least one prior MM

therapy irrespective of cytogenetic risk status. These results become

more striking when one considers that XVd-treated patients received

40% less bortezomib and 25% less dexamethasone, with �37% fewer

clinic visits, than Vd-treated patients during the first 24 weeks of the

study. Moreover, the use of weekly bortezomib in the XVd arm

reflects the more common clinical practice when using bortezomib-

based triplets. XVd treatment significantly improved PFS by 7 months

compared to Vd in standard-risk patients, while a trend was observed

in the high-risk subgroup, as XVd-treated patients tended to have lon-

ger median PFS duration compared to those receiving Vd. Despite the

limitation of the cross-trial comparison, results compare favorably

with subgroup analyses of two phase 3 studies of patients with previ-

ously treated MM: CASTOR and OPTIMISSM, both of which used

higher doses of Vd on the experimental arms.

In CASTOR, patients were randomized to receive daratumumab

(anti-CD38), twice weekly bortezomib, and moderate dose dexameth-

asone (DVd) or Vd,27 but the bortezomib/dexamethasone was discon-

tinued on both arms after 24 weeks. Among DVd-treated patients,

the median PFS duration was 12.6 months in the high-risk subgroup

and 16.6 months in the standard-risk subgroup.27 Of note, the CAS-

TOR subgroup analyses only regarded del(17p), t(4;14), and t(14;16)

as high-risk cytogenetic abnormalities.27 The present analysis of BOS-

TON also included amplification of 1q21, which is notable as the pres-

ence of ≥3 copies of 1q21 has been demonstrated to be negatively

prognostic of response to bortezomib-based treatment and may con-

fer resistance to bortezomib.28 Here, we focused our analyses on the

more conservative definition of ≥4 copies of 1q21 as high risk.29 Of

particular note, overall rates of PN on DVd were 49% and 55% in

standard- and high-risk patients, respectively, substantially higher than

the rates on the Vd arm in that study.27

In OPTIMISMM, patients with relapsed or refractory MM who

had received 1–3 previous regimens (including two or more cycles of

lenalidomide) and had progressive disease were randomly assigned

1:1 to pomalidomide, twice weekly bortezomib, and dexamethasone
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(PVd) or Vd.30 As in the CASTOR trial, patients were considered to be

high risk if they had one of the following abnormalities: del(17p),

t(4;14), or t(14;16). In this specified subgroup, median PFS was lower

than that in the ITT population; however, patients receiving PVd had

an improved PFS of 8.44 months as compared to 5.32 months in Vd-

treated subjects (HR 0.56, 95% CI 0.35–0.90, p = 0.021). In BOSTON,

the PFS benefit observed in XVd-treated patients was most evident

among those with del(17p), t(4;14), and amplification of 1q21 (≥4 cop-

ies). Only the patients with t(14;16) trended more poorly on XVd ver-

sus Vd with a PFS HR of 1.46 and an overlapping 95% CI (0.45–4.80)

with a one-sided p > 0.05. In contrast, the ORR in this subgroup was

numerically higher (85%) in the XVd arm as compared to the Vd arm

(55%). These disparate results may have been due to the small popula-

tion of patients with t(14;16) MM in the study, and will be evaluated

in future studies. In terms of ORR, deeper responses (≥VGPR) were

observed in XVd-treated versus Vd-treated patients with either high-

risk (30.0% [21/70] vs. 18.3% [13/71]) or standard-risk (26.4%

[33/125] vs. 23.5% [32/136]) cytogenetics. Moreover, the impact of

XVd on efficacy outcomes did not appear to be negatively affected by

the number of cytogenetic abnormalities or most baseline disease

characteristics.

The safety profiles of XVd and Vd in the high-risk and standard-

risk subgroups were similar to each other and consistent with those

observed in the overall study population.19 As in the primary analysis

of BOSTON,19 the most common grade ≥3 AE reported in the high-

risk and standard-risk subgroups was thrombocytopenia. Importantly,

rates of PN were lower in all XVd cohorts as compared with the Vd

cohorts. While discontinuation rates were higher with XVd due to

AEs, a significantly prolonged TTNT was observed suggesting that

these patients were responding well and did not require immediate

salvage therapy in contrast to patients who discontinued. Further-

more, improved supportive care as a result of physician experience is

anticipated to further enhance the activity of XVd, and lead to a

reduction in the number of patients discontinuing therapy due to AEs.

Preclinically, the combination of selinexor with a PI shows

remarkable synergy.17,31,32 Mechanistically, XPO1 inhibition forces

the nuclear retention and functional activation of TSPs, and PIs pre-

vent both the nuclear and cytoplasmic degradation of TSPs including

IκB (and other proteins), leading to markedly higher levels of TSPs and

reduced NFκB activity in the nucleus of cells treated with the combi-

nation as compared with the individual components.31,33 With about

20 major TSPs, cells with abnormalities in one (e.g., del(17p) affecting

p53 levels) or several of these proteins may be induced to undergo

apoptosis via activation of remaining, wild type TSPs. Furthermore,

the combination of selinexor with dexamethasone induces synergy on

several levels: retention of transcriptionally active glucocorticoid

receptor in the nucleus, induction of glucocorticoid anti-proliferative

expression and activity leading to the inhibition of the mTOR pathway

and to enhanced MM cancer cell death.32

Changes in gene expression that support cell proliferation and

tumorigenesis have been observed in MM with any of the four high-

risk cytogenetics analyzed in this study. Given the novel mechanism

of action against a single target that impacts most TSP pathways, we

hypothesize that these high-risk associated changes would still be

inhibited by selinexor. For example, del(17p) results in loss of the TSP

p53 expression,34 but the loss of p53 by (using siRNA knockdown) did

not reduce sensitivity to selinexor.35 Translocation of t(4:14)

upregulates fibroblast growth factor receptor 3 (FGFR3),36 which acti-

vates mitogenic pathways including AKT, MAP mTOR and NFκB – all

inhibited by selinexor.37 The t(4;14) and t(14:16) translocation may

lead to the overexpression of the c-MAF protooncogene that

upregulates IL-4 and IL-10 cytokine expression,38 and selinexor may

negate such transactivation through the inhibition of the NFKB signal-

ing.39 Lastly, the amp1q21 may result in the overexpression of

CKS1B, upregulating cyclins and CDK activity, overcoming normal

cell-cycle checkpoints that are activated by the inhibition of XPO1

with selinexor.37,40 Taken together, despite the relatively small sample

size for each cytogenetic abnormality, our results show significant dif-

ferences based on high-risk cytogenetic profiles that also align with

the potential mechanism of action.

BOSTON enrolled one of the greatest numbers of clinical trial

participants with high-risk cytogenetics as compared to the other

large bortezomib-based randomized studies.27,30 However, even

though the analyses in this subpopulation were pre-specified, a major

limitation of the present analysis is the fact that BOSTON was not

powered statistically to compare outcomes between patients with

high-risk and standard-risk cytogenetics. While XVd improved out-

comes compared to Vd in high-risk patients, the confidence intervals

over suggest that standard-risk patients may have had more signifi-

cant improvements. In addition, no adjustment was made for multi-

plicity testing, and the cytogenetic risk status was unknown for 10.0%

of patients. Despite the plethora of additional therapies available to

patients following progression on BOSTON, and allowing crossover

from Vd to a selinexor-based regimen on objective progression, a

trend towards improved OS for XVd over Vd was also observed,

suggesting that treatment with selinexor may have modified the biol-

ogy of the MM. However, given the limitations noted above, these

results should be considered hypothesis-generating.

In conclusion, these data suggest that the oral XPO1 inhibitor

selinexor, with its novel mechanism of action, can be used to treat

patients with previously treated MM with either high-risk or

standard-risk cytogenetics. XVd provided a non-IMiD-based regimen

with superior benefits over Vd in a number of clinical outcomes across

both the high-risk and standard-risk populations. Given that most

patients now receive lenalidomide-based therapy in the frontline set-

ting, a non-IMiD based, simple triplet regimen with reduced long-term

toxicity (e.g., peripheral neuropathy) and without the need for intrave-

nous or prolonged subcutaneous infusions makes it a viable option in

the treatment of patients with MM after at least one prior regimen,

whether they have high risk or standard risk disease.
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