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Abstract

Background and Objective Nearly all patients with multiple myeloma undergo multiple rounds of therapy. The phase III
BOSTON trial of once-weekly selinexor and once-weekly bortezomib with dexamethasone (XVd) vs twice-weekly bort-
ezomib and dexamethasone (Vd) is the basis for this cost-effectiveness analysis in previously treated multiple myeloma from
a US commercial payer perspective over a lifetime horizon.

Methods A partitioned survival model enabled use of direct overall survival and progression-free survival curves from
BOSTON to generate four health states for XVd and Vd: progression-free survival on treatment, progression-free survival
off treatment, post-progression, and mortality. Using a 1-week cycle length, benefits and costs were discounted at 3.0%
annually. Additional comparators were included in an exploratory analysis that compared XVd against seven additional
regimens (six triplets, one doublet).

Results After considering costs, utility, progression, and survival, the base-case incremental cost-effectiveness ratio of
XVd vs Vd was $475,430/quality-adjusted life-year (QALY). The 50% cost-effectiveness probability midpoint was near
$470,000/QALY, based on a probabilistic sensitivity analysis. The robustness of the analysis was supported by additional
scenario assessment and deterministic and probabilistic sensitivity analyses, which generally demonstrated little variance,
with greatest sensitivity to variations in discount rates and utility values. In an exploratory analysis against external com-
parators, XVd showed a higher QALY gain with a lower cost (i.e., dominance) compared with lenalidomide/dexamethasone
(Rd), pomalidomide/bortezomib/dexamethasone (PVd), and carfilzomib/pomalidomide/dexamethasone (KPd).
Conclusions Addition of XVd to the previously treated multiple myeloma treatment landscape provides a novel oral treatment
option, which, when compared to Vd in the base-case analysis resulted in an incremental cost-effectiveness ratio of $475,430/
QALY. Exploratory analyses comparing against external comparators suggest that XVd was dominant vs Rd, PVd, and KPd.

Plain Language Summary

Patients with multiple myeloma often relapse and require multiple treatments to extend survival while maintaining quality of
life. Many of the standard treatment regimens include twice-weekly bortezomib, which is associated with potentially severe
peripheral neuropathy. The novel triplet regimen of once-weekly selinexor and once-weekly bortezomib with dexamethasone
(XVd) improves cancer response and progression-free survival while decreasing the rate of peripheral neuropathy. This
study used economic modeling to calculate the cost of the triplet XVd regimen per life-year gained and per quality-adjusted
life-year gained. XVd had a lower cost with a higher quality-adjusted life-year benefit compared with lenalidomide/dexa-
methasone, pomalidomide/bortezomib/dexamethasone, and carfilzomib/pomalidomide/dexamethasone in previously treated
multiple myeloma.

1 Introduction
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Key Points for Decision Makers

For patients with previously treated multiple myeloma,
once-weekly oral selinexor/bortezomib/dexametha-
sone (XVd) reduces rates of peripheral neuropathy and
increases survival by 0.33 life-years and 0.34 quality-
adjusted life-years vs twice-weekly bortezomib/dexa-
methasone (Vd).

XVd is associated with a lifetime incremental total cost
increase of $159,557 USD, driven by higher drug costs
and partially offset by lower subsequent therapy, medi-
cal, and mortality costs vs Vd.

XVd is dominant compared to lenalidomide/dexametha-
sone (Rd), pomalidomide/bortezomib/dexamethasone
(PVd), and carfilzomib/pomalidomide/dexamethasone
(KPd) in exploratory analyses.

[1]. Despite the approval of several novel agents in recent
years, MM largely remains incurable and fatal, with nearly
all patients relapsing after each sequential therapy and ulti-
mately developing progressive refractory disease. In addi-
tion to its clinical and quality-of-life impacts, MM carries
a significant economic burden [2]. Novel therapies have
increased survival, but they have also been associated with
increased medical costs, particularly for injectable treat-
ments, with overall costs increasing in later lines of therapy
[3-5].

Bortezomib has been used since 2003 in a variety of
MM treatment regimens [6, 7]. Most regimens for previ-
ously treated MM utilize twice-weekly bortezomib, admin-
istered in the clinic, which can be burdensome for patients,
caregivers, and the healthcare system. Moreover, twice-
weekly bortezomib induces significant peripheral neurop-
athy (PN), with reported rates of 35-55% in doublet and
triplet regimens, often leading to treatment interruptions,
dose reductions, treatment discontinuation, and ultimately,
poorer patient outcomes [8—11]. Peripheral neuropathy can
be minimized with once-weekly bortezomib therapy, and
many physicians employ once-weekly bortezomib-based
regimens despite a lack of clinical data supporting them
[12]. Compared to twice-weekly bortezomib regimens for
previously treated MM, new regimens effectively utiliz-
ing once-weekly bortezomib are expected to offer benefits
such as the convenience of fewer clinic visits, reduced PN-
associated treatment-emergent adverse events (TEAEs) from
bortezomib, improved progression-free survival (PFS), and
a better overall response rate [8, 10, 13, 14].
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Selinexor (Xpovio™; Karyopharm Therapeutics, Inc.,
Newton, MA, USA) is an oral, first-in-class, selective inhibi-
tor of nuclear export that works synergistically with protea-
some inhibitors (such as bortezomib) and dexamethasone
to selectively kill malignant plasma cells [15]. Selinexor
is approved by the US Food and Drug Administration in
combination with bortezomib and dexamethasone for the
treatment of adults with MM who have received at least one
prior therapy. Its original approval was in combination with
low-dose dexamethasone for the treatment of adults with
previously treated MM who have received at least four prior
therapies and whose disease is refractory to at least two pro-
teasome inhibitors, two immunomodulatory drugs, and an
anti-CD38 monoclonal antibody [15].

A phase III clinical trial, BOSTON (NCT03110562),
compared once-weekly selinexor and once-weekly bort-
ezomib in combination with low-dose dexamethasone (XVd)
to the standard twice-weekly bortezomib and moderate-dose
dexamethasone (Vd) regimen [16]. In addition to improve-
ment in the primary endpoint of PFS and secondary effi-
cacy endpoints such as overall response rate and duration of
response across patient subgroups (including patients with
a high cytogenetic risk and those > 65 years of age), XVd
demonstrated improvements in health-related quality-of-
life outcomes, while using 40% less bortezomib and 25%
less dexamethasone during the first 24 weeks of treatment.
Patients receiving XVd reported significantly lower sensory
symptom scores on the European Organization for Research
and Treatment of Cancer QLQ-CIPN20 scale, with a trend
towards reduced motor symptom scores, and persistent
reductions in pain as reported in the European Organization
for Research and Treatment of Cancer QLQ-C30, likely due
to lower levels of bortezomib-induced PN with the lower
bortezomib dose in XVd [17]. The BOSTON trial allowed
patients in the Vd arm to cross over to a selinexor-contain-
ing regimen upon objectively confirmed MM progression;
nonetheless, there was a trend towards improved overall sur-
vival (OS) in the XVd arm. This analysis evaluated the cost
effectiveness of XVd vs Vd in previously treated MM from
a US commercial perspective with additional administra-
tion costs included, using patient-level data from BOSTON
[18], which formed the basis for the clinical trial publica-
tion [16]. The model also evaluated the cost effectiveness of
XVd relative to seven comparator regimens: daratumumab/
pomalidomide/dexamethasone (DPd), daratumumab/lenalid-
omide/dexamethasone (DRd), lenalidomide/dexamethasone
(Rd), pomalidomide/bortezomib/dexamethasone (PVd), elo-
tuzumab/pomalidomide/dexamethasone (EPd), carfilzomib/
pomalidomide/dexamethasone (KPd), and daratumumab/
bortezomib/dexamethasone (DVd).
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2 Methods
2.1 Target Population and Subgroups

The target population was adults with previously treated
MM. At model onset, the average patient age was 67 years,
based on the mean age of patients at initiation in BOSTON.
While the base-case analysis of the model assumed that all
MM treatment lines were included, additional scenarios
were tested in which the population was limited to certain
treatment line subgroups (second line only vs third line or
higher). The base-case population was based on the pro-
portion of second-line and third-line or higher patients in
BOSTON (49.3% and 50.7%, respectively).

2.2 Treatments, Comparators, Cycle Length

The main treatment under economic evaluation was XVd.
Selinexor and dexamethasone are both administered orally,
and while bortezomib is available in several forms, it was
assumed to be administered subcutaneously based on current
usage. The main comparator was Vd, as per the BOSTON
trial. A 1-week model cycle length was used to provide suf-
ficient granularity to capture all relevant costs and outcomes.

2.3 Perspective, Time Horizon, Discount Rate

The base-case analysis was conducted from a US commer-
cial payer perspective (including additional administration-
related costs) using a lifetime horizon (assumed to be 40
years, after which virtually all patients would be deceased),
which enabled the capture of all potential long-term costs
and benefits. A 3% annual discount rate was used for both
benefits and costs, as per the Second Panel on Cost-Effec-
tiveness in Health and Medicine [19]. All cost inputs were
obtained from commercial sources, when possible. In the
absence of commercial payer values, US Centers for Medi-
care & Medicaid Services costs were used as a proxy. A
breakdown of model inputs can be found in the Electronic
Supplementary Material (ESM).

2.4 Conceptual Framework and Model Structure

The cost-effectiveness analysis (CEA) was structured in
Microsoft Excel using a partition survival model based
directly on the clinical trial OS and PFS data [20]. Survival
curves were extrapolated over the entire model horizon
(lifetime) based on parametric extrapolations, with the most
appropriate functional forms selected based on statistical fit
and clinical robustness. The model considers the amount of
time spent in each of four health states:

e (1) Progression-free (PF) [on treatment]: patients were
assumed to initiate treatment with XVd or Vd at the
beginning of the model. These patients were at risk of
disease progression or death and could also discontinue
treatment before disease progression.

e (2) PF (off treatment): patients were PF but have discon-
tinued primary therapy. As with health state (1), these
patients could move to the post-progression (PP) or mor-
tality health states.

e (3) PP: patients were at risk of death and can receive
further treatment lines in the model. Patients were
assumed to remain in this health state until mortality. In
PP, patients would incur lower utility and higher medical
costs relative to the pre-progression states.

e (4) Mortality: mortality was determined by the BOSTON
OS data, extrapolated over a lifetime horizon.

The base-case model compared the cost effectiveness of
XVd vs Vd. Additional analyses compared XVd to other
doublet and triplet regimens in an exploratory analysis,
as there are very few published US-based economic mod-
els comparing triplet regimens in previously treated MM
(Figs. 1 and 2).

2.5 0S

Overall survival in the base-case model was based on the
BOSTON data and calculated from the date of randomiza-
tion to the date of death. Patients without events were cen-
sored at the date of study discontinuation or date of last par-
ticipating visit, whichever occurred first. Note that BOSTON
allowed Vd patients to cross over to XVd after progression.
To accurately capture the true OS benefit of Vd, extrapola-
tion curves were fitted to regression-adjusted OS data, which
included a covariate for crossover. The Kaplan—-Meier OS
curve and the extrapolated long-term OS curves for the XVd
and Vd arms are displayed in Fig. 3. The blue lines represent
the direct trial data (Kaplan—Meier curves), while the red
lines indicate the extrapolated data. Based on the assessment
of statistical fit and clinical expectations, OS extrapolations
for both XVd and Vd were based on parametric curves using
exponential functional forms.

In the BOSTON trial, median OS for patients in the Vd
arm was 25.0 months at a median follow-up of 17.5 months
(note that the Kaplan—Meier curve for Vd only presents non-
crossover patients, as crossover adjustment was applied to
Vd patients), while median OS in the XVd arm was not
reached at a median follow-up of 17.3 months. Following
crossover adjustment and extrapolation, median OS for
Vd patients was 36.6 months. At the time of this analysis,
median OS for XVd was not reached, and 24.1% of patients
on XVd and 30.0% of patients on Vd had died. Follow-
ing extrapolation, median OS for XVd was 40.1 months.
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Twelve-month OS in the model was 81.3% and 79.7% for
XVd and Vd, respectively.

2.6 PFS

Progression-free survival for the base-case model was also
based directly on the BOSTON data and was calculated
from the date of randomization until the first date of con-
firmed disease progression as per International Myeloma
Working Group response criteria, or death due to any cause,

Pre-Progression
(on treatment)

Pre-Progression
(off treatment)

Post-Progression Mortality

Fig.1 Health state diagram. Curved arrows represent patients
remaining in the same health state; dashed arrows represent patients
progressing to different health states

Population Benefits

Comparators

Comparators

Selinexor (with BOR+DEX)

Vd (BOR+DEX)

DPd (DAR+POM+DEX)

whichever occurred first. The Kaplan—Meier PFS curve and
the extrapolated long-term PES curves for the XVd and Vd
arms are displayed in Fig. 4. With OS, PFS extrapolation
curve selection was based on the assessment of statistical fit
and the most likely reflection of clinical expectation. There-
fore, parametric curves using log-normal functional forms
were used for both XVd and Vd.

The XVd arm showed significant improvement vs Vd
for PFS, with a median of 13.9 months vs 9.5 months (p =
0.0075), i.e., 47% improvement in median PFS. After extrap-
olation, the median PFS for XVd and Vd was 13.9 and 9.0
months, respectively. Twelve-month PFS in the model was
54.9% and 40.8%, and average time in the PFS state was
29.5 months and 19.6 months for XVd and Vd, respectively.

2.7 Treatment Duration

Durations of primary therapy for both XVd and Vd were
based on the time to treatment discontinuation data from
BOSTON (i.e., treatment discontinuation and PFS were
extrapolated separately in the model, which allowed both
endpoints to be based directly on the trial data). After dis-
continuation, patients were assumed to received secondary
therapy for a specified duration of 4 months. Patient-level
data were unavailable for the exploratory additional com-
parator analysis, thus treatment durations were based on the

Costs Economic endpoints

Routine care costs

Economic Endpoints

Lab visits
Cost per patient

Physician visits

DRd (DAR+LEN+DEX)

"

Potential treatment
benefits
fi costs

Cost per LY
Complication/Other

Cost per QALY

Adult patients with Rd (LEN+DEX) - i

y

previously treated

Hospitalizations

MM

PVd (POM+BOR+DEX)

EPd (ELO+POM+DEX)

Reduced complications

I

Reduced mortality

Cost per evLY

RBC transfusions

Platelet transfusions

KPd (CAR+POM+DEX)

DVd (DAR+BOR+DEX)

Standard of Care™ *Standard of care (SOC) is a weighted-average
(based on market share) combination of the included model comparators,
based on their respective market share weights.

1]

Mortality costs

Mortality costs

Drug-related costs

AE costs

Drug and admin costs

Fig.2 Conceptual framework. admin administration, AE adverse
event, BOR bortezomib, evLY equal value life-year, CAR carfilzomib,
DAR daratumumab, DEX dexamethasone, DPd daratumumab-poma-
lidomide-dexamethasone, DRd daratumumab-lenalidomide-dexa-
methasone, DVd daratumumab-bortezomib-dexamethasone, ELO
elotuzumab, EPd elotuzumab-pomalidomide-dexamethasone, KPd
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carfilzomib-pomalidomide-dexamethasone, Lab laboratory, LEN
lenalidomide, LY cost per life-year, MM multiple myeloma, POM
pomalidomide, PVd  pomalidomide-bortezomib-dexamethasone,
RBC red blood cell, Rd lenalidomide-dexamethasone, QALY quality-
adjusted life-year, TEAE treatment-emergent adverse event, Vd borte-
zomib-dexamethasone
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exponentially extrapolated median time until discontinua-
tion (i.e., the point at which 50% of patients discontinued
therapy).

2.8 Costs

The following cost categories were included in the model:
(1) primary therapy and administration, (2) secondary ther-
apy, (3) routine medical care, (4) TEAESs, and (5) mortality.
When necessary, all costs were inflated to 2020 US dollars
using an inflation rate of 2.03%, the disease-specific rate for
neoplastic diseases [21].

2.8.1 Drug and Administration Costs

Both primary and secondary therapy drug costs included
wastage (i.e., assuming that any unused drug in a vial will be
discarded and calculated on a per-administration basis). The
administration cost of oral medication was assumed to be
zero, while administration costs of subcutaneous and intra-
venous treatments were $80.12 and $142.55 per dose [22].

The average patient weight and body surface area used
for weight or body surface area-based dosing therapies
were 73 kg and 1.83 m?, respectively [23, 24]. XVd and Vd
doses were adjusted to accurately reflect the relative dose
intensity received in BOSTON (80% for selinexor, 90% for
bortezomib, and 91% for dexamethasone for XVd-treated
patients; 99% for bortezomib and 95% for dexamethasone
for Vd-treated patients, based on median doses received in
BOSTON compared with the prescribed doses).

All drug prices were based on the commercial drug prices
obtained from Analy$ource [25]. The weekly dosing and
costs of XVd and Vd are displayed in the ESM and were
based on the BOSTON clinical trial dosing schedule, which

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

OVERALL SURVIVAL

utilizes a 35-day treatment cycle for XVd and 21-day cycles
for the first eight treatment cycles followed by 35-day cycles
for Vd.

Considering the drug and administration costs as well
as the dose reduction experienced in BOSTON, the total
drug cost of XVd was $5619/week while the cost of Vd was
$1754/week. The standard of care cost (applied for second-
ary therapy) was $5958 and was based on the combined
market share weighting of therapies. Secondary therapy
market shares were assumed to be the same, regardless of
a patient’s primary therapy received (XVd or Vd). Weekly
cost and market share data on the primary and secondary
therapy options are available in the ESM.

2.8.2 Adverse Event Costs

The model included grade 3+ TEAEs. As low-grade TEAEs
do not often incur a significant cost, their associated costs
were considered negligible in the model. TEAEs were costed
based on a micro-costing approach, where it was assumed
that a proportion of TEAEs required inpatient care while
the remaining events required outpatient care. The cost of
an outpatient visit ($52.33) was based on the Current Pro-
cedural Terminology cost of a physician visit [26], while
inpatient costs were extracted from HCUPnet for each spe-
cific TEAE based on its respective International Statistical
Classification of Diseases and Related Health Problems,
10th Revision code and ranged from $4634 to $13,197 with
a median cost of $7232 [27]. The proportion of TEAESs that
required inpatient care was assumed to be 4.7%, based on
the proportion of all TEAEs in BOSTON that were severe
or greater. The incidences of TEAEs for XVd and Vd were
sourced from BOSTON, while rates for other included ther-
apies were extracted from their respective clinical trials.

XVd OS (exponential extrapolation)

e \/d OS (exponential extrapolation)

XVd 0S Kaplan-Meier

e \/d OS Kaplan-Meier (non-crossover
patients)

0%
0 50 100 150 200
CYCLE (MONTHS)

250 300

Fig.3 Long-term overall survival (OS) and Kaplan—-Meier curves. Vd bortezomib-dexamethasone, XVd selinexor-bortezomib-dexamethasone.

Source: [18]
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100%
90%
80%
70%
60%

50%
40%
30%

PROGRESSION-FREE SURVIVAL

20%
10%

XVd PFS (Log Normal extrapolation)

= \/d PFS (Log Normal extrapolation)

XVd PFS Kaplan-Meier

e \/d PFS Kaplan-Meier

0%

0 50 100 150 200

MONTHS

250 300

Fig.4 Long-term progression-free survival (PFS) and Kaplan—Meier curves. Vd bortezomib-dexamethasone, XVd selinexor-bortezomib-dexa-

methasone. Source: [18]

Rates were transformed to 1-week cycle lengths using the
probability-to-rate formula. The three most frequent grade
3+ TEAES for XVd were ‘thrombocytopenia’ (39.5%), ‘ane-
mia’ (15.9%), and ‘pneumonia’ (13.8%) while the three most
frequent grade 3+ TEAESs for Vd were ‘thrombocytopenia’
(17.2%), ‘pneumonia’ (11.8%), and ‘anemia’ (10.3%). The
total cost per weekly cycle of TEAEs for XVd and Vd were
$9.81 and $4.40, respectively. The average cyclical preva-
lence and cost of TEAEs for each primary and secondary
regimen are presented in the ESM. The average cost per
cycle of secondary therapy was $8.78.

2.8.3 Routine Care Costs

Utilization and unit costs of relevant routine medical
resources used are dictated in this section for the PF and PP
health states. Routine medical care items included hema-
tologist visits, full blood counts, biochemistry laboratory
tests, immunoglobulin tests, protein electrophoresis, urinary
light chain excretion, red blood cell transfusions, and platelet
transfusions [28]. Resource use frequencies were based on
the UK National Institute for Health and Care Excellence
technology appraisal for pomalidomide for relapsed/refrac-
tory MM, as referenced in [28]. Unit costs were obtained
from the US Centers for Medicare & Medicaid Services
based on the relevant Current Procedural Terminology codes
for all items excluding the transfusion costs [26]. Transfu-
sion costs were based on published estimates [28].

To derive the final per-cycle costs of routine medical care
for the PF and PP health states, annual frequencies were
adjusted to 1-week cycles, which were then multiplied by
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respective unit costs (Table 1). Weekly routine medical
care costs for the PF and PP health states were $52.15 and
$56.65, respectively.

2.8.4 Mortality

The inflated end-of-life cost (applied as a one-time cost at
time of death) was $42,702, obtained from HCUPnet using
the code “C90.02 Multiple myeloma in relapse” [30]. Mor-
tality was estimated in the model based on the OS curves
from BOSTON and extrapolated over a lifetime horizon.

2.9 Utility

Utility values (Table 2) were obtained from the relevant
literature assessing utilities using EQ-5D-5L data [31]. In
addition to adjusting for TEAE disutility, the final utility
values also accounted for an additional 0.17 utility benefit
incurred by patients actively achieving a response [29]; this
was applied to the proportion of complete responders in each
treatment arm (7.2% for XVd and 4.3% for Vd). The final
utility values used in the model, which include both TEAE
disutility and additional response utility, were 0.819 for XVd
and 0.816 for Vd in the PF health state, respectively, while
using the PP utility of 0.638.

Additional sources of utility values were obtained from
the BOSTON clinical trial EQ-5D-5L data and from external
literature, which were explored in additional scenario analy-
ses. The BOSTON clinical trial utilities were not used as the
base-case values, as the BOSTON data showed a very mini-
mal difference between the PF and PP health states (0.80 for
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PF and 0.78 for PP), which likely does not capture the true
expected detriment of progressive disease. While the exact
reasons for this result are unknown, the utility similarities
between health states in the BOSTON data may be due to
the rapid sample size erosion of the patients with progressed
disease, which may have consisted of a disproportionate
number of patients with more severe disease than those pro-
gressed patients who remained in the dataset (resulting in
an over-estimate of the PP utility). Additionally, interaction
effects between time and response status may confound the
health state utilities generated by the BOSTON data, further
limiting its internal validity.

For these reasons, the base-case analysis used utilities
obtained from van Agthoven et al. [31]. While this study
had several key differences compared with the BOSTON
trial population (most notably being based on UK popula-
tion tariffs using data from newly diagnosed MM), the utility
distinction between health states was considered more rep-
resentative than the utility values from the BOSTON utility
analysis, which showed virtually no difference between the
PF and PP health states.

Disutility scores were based on the BOSTON patient-
level data (EQ-5D-5L) utility analysis and adjusted for age,
sex, baseline Eastern Cooperative Oncology Group perfor-
mance status, and duration of diagnosis. TEAEs without
EQ-5D-5L data available in BOSTON were assumed to
have disutility equal to the average of all grade 3/4 TEAEs
(—0.0387). The average duration of each TEAE was also
based on BOSTON patient-level data and applied to the
respective disutility and yearly TEAE prevalence estimates
to generate the total average disutility for each therapy arm.

Disutility values were applied based on the per-cycle
incidences of TEAEs and are displayed in the ESM. The
four TEAE categories assumed to produce the greatest disu-
tility include ‘fatigue’ (—0.1003), ‘peripheral neuropathy’
(— 0.0582), ‘anemia’ (— 0.0558), and ‘asthenia’ (— 0.0537).
The total yearly adjusted disutility values associated with
XVd, Vd, and secondary therapy (standard of care) were
—0.003, — 0.001, and — 0.002, respectively.

2.10 Economic Endpoints

Four economic endpoints were included in the analysis:
cost per patient, cost per life-year (LY), quality-adjusted LY
(QALY), and equal value LY (evLY). The methods to cal-
culate cost per LY, QALY, and evLY are similar where the
incremental cost of therapy is divided by the incremental
benefit [19]. As per the Institute for Clinical and Economic
Review’s 2020-23 Value Assessment Framework, evLY's
value all gains in LYs at a constant utility weight (0.851),
such that regardless of age, disability, or illness, all LY gains
are valued equally [32]. This approach is aimed at reduc-
ing potential discrimination against certain groups (elderly,

disabled) by assigning lower values to their lives than others
when the QALY is used. However, the QALY was still the
primary outcome used in this analysis.

2.11 Assessment of Uncertainty and Model
Validation

Uncertainty was evaluated using additional scenario analy-
ses, one-way (deterministic) sensitivity analyses, and proba-
bilistic sensitivity analyses (PSAs). The deterministic sen-
sitivity analyses and PSAs use the confidence interval of
each input (upper and lower bound estimates) as the new
‘varied’ input in each scenario, when available. When data
were unavailable, a 10% proxy variation for non-cost-related
inputs was used, while a 20% proxy for medical cost-related
inputs was used (based on the large regional and setting vari-
ations in medical costs in the USA). To calculate PSAs, all
inputs subject to any degree of uncertainty included prob-
ability distributions from which a random value could be
drawn. Values were randomly selected along each distribu-
tion for all inputs simultaneously, once per simulation. The
incremental cost-effectiveness ratio (ICER) was noted for
each simulation of the CEA. A total of 1000 simulations
were undertaken to determine parametric uncertainty and to
estimate the probability that the ICER would fall under the
varying willingness-to-pay thresholds.

The model underwent quality-control validation and was
carefully evaluated to follow the ICER’s proposed meth-
odology and international recommendations based on the
joint International Society for Pharmacoeconomics and Out-
comes Research and Society for Medical Decision Making
Modeling Good Research Practices Task Force [33]. Face
validity was ensured through clinical and health economic
expert guidance throughout the development of the model
from the conceptual stage until the finalization of the core
model. Additionally, regarding technical validity, the model
was subjected to a systematic examination of calculations
and Visual Basic for Applications coding accuracy by mod-
eling experts internally and with external reviewers. A cost-
effectiveness model verification checklist guided the qual-
ity-control process, which, among other checks, included
extreme value analysis and tracing of calculations. Com-
ments and identified issues were addressed in the final model
version. Cross-validation was performed via an assessment
of observed PFS and OS outcomes, against which model
outputs were compared. These showed good consistency
and results were in line with expectations. Finally, regard-
ing external validation, results and model approaches (health
states, treatment pathway assumptions, routine care) were
compared with previously published relevant economic
analyses where available. Additionally, where external data
were required to inform model inputs, sources specific to the
intervention and population of interest were used.
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Table 2 Health state utilities. Source: [31]

Health state XVd vd

Utility data selected (excluding disutility)

PF 0.810 0.810

PP 0.640 0.640
Utility data selected (including disutility)

PF 0.807 0.809

PP 0.638 0.638
Used in model (including disutility and

responder benefit)

PF 0.819 0.816

PP 0.638

PF progression-free, PP post-progression, Vd bortezomib-dexameth-
asone, XVd selinexor-bortezomib-dexamethasone

2.12 Comparator Analysis

While the base-case model was a within-trial model com-
paring XVd to Vd using extrapolated data directly from the
BOSTON trial, exploratory analyses were performed to
assess the cost effectiveness of XVd against other important
comparators in previously treated MM, as there are very few
economic studies comparing other available regimens. By
varying which regimen was compared to XVd, the direct
costs of the comparator (drug costs and TEAE costs), as well
as the efficacy (OS and PFS) changed based on which regi-
men was selected. The OS and PFS hazard ratios (HRs) used
for each comparator were primarily based on a Bayesian
network meta-analysis, which was stratified by treatment line
(second line vs third line and beyond). All included studies
in the network meta-analysis were assessed in a feasibility
assessment and were determined to be sufficiently compara-
ble in terms of trial design and baseline characteristics to be
included in the analysis. However, HR values by treatment
line were limited for some of the included comparators, in
which case different statistical adjustment techniques and/or
assumptions were required (summarized in the ESM). These
assumptions varied based on the availability of the treatment
line-stratified HRs for each comparator, where less available
data typically required greater assumptions. The final com-
parator analysis assessed XVd against each regimen using a
“mixed” population that included both second and third or
further line patients, derived by calculating weighted aver-
age HRs for the mixed population based on the proportion
of second and of third or further line patients in BOSTON
(49.3% and 50.7%, respectively). The final HRs (comparator
vs Vd) were applied to the Vd PFS and OS curves to derive
the comparator PFS and OS curves.

A\ Adis

3 Results
3.1 Incremental Costs and Outcomes

XVd in previously treated MM was associated with an incre-
mental total cost increase of $159,557 USD over a lifetime
horizon compared to Vd. The higher overall cost of XVd vs
Vd was mainly driven by higher primary therapy costs, but
was partially offset by lower PP medical costs and mortality
costs, and was minimally offset by lower secondary therapy
costs (Table 3).

XVd was associated with an incremental increase of
0.33LYs, 0.34 QALYs, and 0.28 evLY's saved compared to
Vd over a lifetime horizon (Table 4). When combining the
differences in costs and efficacy gain, the ICERs for cost
per LY, QALY, and evLY saved in USD were $486,533,
$475,430, and $571,719, respectively.

3.2 Additional Scenarios

Additional scenarios were tested where one or multiple
inputs were varied at one timepoint to assess scenario uncer-
tainty. Results were most sensitive to changes in extrapola-
tion functional forms (not shown in the graph, as ICERs
varied from — $3.4 to $27.7 million), variations in time hori-
zon, including/excluding crossover adjustment, and utility
source (Fig. 5).

3.3 Deterministic Sensitivity Analyses

Deterministic sensitivity scenarios were also conducted,
where one input was varied in one direction while all other
inputs were held constant. Results were most sensitive to
changes in discount rates, and utility values (Fig. 6).

3.4 PSAs

PSAs were also conducted (Table 5). Probabilistic results
showed an average ICER of $475,965 per QALY, with simu-
lations being equally spread among incremental cost (y-axis)
and incremental QALY (x-axis) (Fig. 7).

The proportion of simulations falling under the $150,000
per QALY, $300,000 per QALY, and $500,000 per QALY
thresholds were 0%, 0%, and 70%, respectively.

The net benefit approach demonstrates the proportion of
iterations that were cost effective for XVd and Vd over vari-
ous ICERs (Fig. 8). The 50% cost-effectiveness probability
midpoint was equivalent to the ICER of the base-case analy-
sis and was near $470,000 per QALY.
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Table 3 Discounted costs over a lifetime horizon (USD)

Costs XVd (USD) Vd (USD) Difference (USD)
Drug costs
Primary therapy 227,627 68,599 159,028
Secondary therapy 104,227 104,312 -85
Adverse event costs 551 326 225
Routine medical care costs
PF medical costs 5945 4053 1892
PP medical costs 6003 7092 — 1089
Mortality costs 37,355 37,769 — 414
Total 381,708 222,151 159,557

PF progression-free, PP post-progression, Vd bortezomib-dexameth-
asone, XVd selinexor-bortezomib-dexamethasone, USD US dollars

Table 4 Efficacy per therapy

Endpoint* Xvd vd Difference
LYs (total) 4.23 3.90 0.33
LYs (pre-progression) 2.20 1.50 0.70
LYs (PP) 2.03 2.40 —-0.37
QALYs (total) 3.09 2.76 0.34
QALYs (pre-progression) 1.80 1.23 0.57
QALYs (PP) 1.29 1.53 —-0.24
evLYs (total) 3.60 3.32 0.28

evLY equal value life-year, LY life-year, PP post-progression, QALY
quality-adjusted life-year, Vd bortezomib-dexamethasone, XVd
selinexor-bortezomib-dexamethasone

*Values were discounted

3.5 Comparator Analysis

As mentioned, the base-case analysis compared XVd with
Vd and resulted in a cost per QALY of $475,430. The base-
case ICER (XVd vs Vd) was in the “incremental” quadrant
(where XVd has a higher cost but also a higher QALY gain
compared with the comparator). Exploratory analyses were
also conducted, which compared XVd against other availa-
ble regimens. When compared with Rd, PVd, and KPd, XVd
was shown to be dominant (i.e., having a lower cost and
a higher QALY gain vs the comparator). When compared
against the remaining regimens (DPd, DRd, EPd, DVd,
and standard of care), XVd was “decremental” (i.e., had a
lower cost but also a lower QALY gain vs the comparator)
(Fig. 9). The ESM details comparator OS and PFS HRs, as
well as costs, QALYSs, and ICERs. It should be noted that the
availability of data used to map the HRs for some of these
included additional regimens were limited, and thus sev-
eral limiting assumptions were required in order to include
them in the comparison (described further in the discussion
section).

4 Discussion
4.1 Summary of Model Findings

After considering costs, utility, progression, and survival,
the base-case ICER of XVd vs Vd was calculated to be
$486,533 per LY and $475,430 per QALY. The 50% cost-
effectiveness probability midpoint was equivalent to the
ICER of the base-case analysis and was near $470,000 per
QALY, based on the PSA. The robustness of the analysis was
supported by deterministic sensitivity analyses and PSAs,
which generally demonstrated little variance, with greatest
sensitivity to variations in discount rates and utility values.
The variance of other inputs had relatively smaller impacts
on the results. Additional scenario analyses showed great-
est sensitivity to changes in extrapolation functional forms,
variations in time horizon, including/excluding crossover
adjustment, and utility source. The results of this CEA are
consistent with those of an independently reported study
that calculated an ICER of $479,572 per QALY for XVd
vs Vd [34].

XVd provides clear patient benefits, in terms of efficacy
and safety, particularly in relation to the reduced dosing
frequency of bortezomib, consequent reduction in PN inci-
dence, and positive impact on health-related quality of life
compared with Vd. The incremental costs of these benefits
are comparable to what has been seen across various novel
regimens in previously treated MM [35]. In a recent US-
focused CEA, a network meta-analysis was used to com-
pare a standard doublet, Rd, with a series of novel doublet
and triplet regimens. The ICER for second-line regimens
ranged from about $51,000/QALY to >$450,000/QALY; in
the third line, the ICER ranged from over $60,000/QALY
to over $500,000/QALY [36]. Other US-based CEAs in
previously treated MM found ICERs from about $156,000/
QALY for daratumumab monotherapy vs pomalidomide [37]
to >$1,300,000/QALY when comparing DRd to Rd [38].
Thus, the ICER identified in this study for XVd, while high,
reflects the high drug costs seen in most novel oncology
regimens. Moreover, in this analysis, XVd was shown to be
dominant, with a lower cost and a higher QALY gain, com-
pared with the Rd, PVd, and KPd regimens. XVd represents
an option that offers patients efficacy, safety, and health-
related quality-of-life benefits while reducing bortezomib
dosing and allowing for home-based oral administration.

4.2 Limitations
The base-case model presented in this document, while com-
prehensive, had several limitations to note. First, because the

utilities derived from BOSTON patient-level data showed
very little difference between the PF and PP health states

A\ Adis
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Basecase
Time horizon - 1 year

Time horizon - 5 years

ICER (USD)

Bl 475,430
I 4,845,442
I 1,017,873

Time horizon - 10 years Il 620,864

Time horizon - Lifetime Il 475,430
Treatment line - 2L Il 380,100

Treatment line - 3L+ Il 482,203

Treatment line - Mixed Il 475,430

Extrapolation cutoff - Last measurement Bl 475,430

Extrapolation cutoff - Last event Il 475,430

Comparator crossover - Naive (crossover excluded) Il 741,353

Comparator crossover - Regression-adjusted Il 475,430
Discounting - No benefit discounting I 381,153

Discounting - No cost discounting Il 486,357
Discounting - No discounting Il 389,913

Discounting - 5% discounting I 532,931

Cost inclusion - Administration cost excluded Il 478,168

Cost inclusion - Secondary therapy cost excluded

I
Cost inclusion - Routine medical care costs excluded I 473,037
I

Cost inclusion - Adverse event costs excluded

475,682

474,758

Cost inclusion - Mortality costs excluded Il 476,664

Cost inclusion - Wastage excluded

I 492,885

Utility - Disutility excluded Il 472,866

Utility - Source: BOSTON EQSD Il 569,363
Utility - Source: Pelligra (2017) Il 598,744
Utility - Source: Jakubowiak (2016) I 475,430
Utility - Source: NICE STA (ID933) s 718,865
Utility - Source: NICE STA (ID974) I 619,366

Fig.5 Additional scenarios. 2L second-line, 3L third-line, /CER incremental cost-effectiveness ratio, L line of therapy, NICE National Institute
for Health and Care Excellence, STA single technology appraisal, USD US dollars

(contrary to several literature sources showing a greater
utility difference between patients in the different states),
external literature sources were used to derive the base-case
utilities. While the study used in the base-case analysis had
several key differences compared with the BOSTON trial
population (most notably being based on UK population
tariffs using data from newly diagnosed MM), the utility
distinction between health states was considered to be more
representative than the utility values from the BOSTON util-
ity analysis, which showed virtually no difference between

A\ Adis

the PF and PP health states. Based on the sensitivity analyses
findings, utilities were a main driver and would therefore
have a significant impact on model results. Second, efficacy
(PFS and OS) data had a limited follow-up duration and
required long-term extrapolation, which can have a signifi-
cant impact on progression and survival estimates. Addi-
tionally, no data were available to inform the duration of
secondary therapy that patients would receive after discon-
tinuing their primary therapy, thus this duration was based
on assumption. Last, the model did not include the costs
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ICER (USD)

317,241 367,241 417,241 467,241 517,241 567,241 617,241 667,241

Benefit discounting

Progression-free utilitly

Post-progression utilitly

Costs discounting

PFS: Hematologist clinical visit utilization (yearly)

Subcutaneous admin cost

Cost: Hematologist clinical visit

PFS: Red blood cell (RBC) transfusions utilization (yearly)

PP: Hematologist clinical visit utilization (yearly)

Cost: Red blood cell (RBC) transfusions

Mortality cost

PP: Red blood cell (RBC) transfusions utilization (yearly)

Severe AE proportion

PFS: Platelet transfusions utilization (yearly)

Cost: Platelet transfusions

306,551 [ 556,825
421,181 B sesis
a38,736 [N 518,751

a67,311 [ JJ] 484,425

474,875 | 475,984

474,893 | 475,966
474,908 | 475,951
475,124 | 475,735
475,136 | 475,723
475,142 | 475,717
475,216 | 475,643
475,268 | 475,591
475,320 | 475,539
475,323 | 475,537
475,329 | 475,530

Fig.6 Deterministic sensitivity analyses (top 15). admin administration, AE adverse event, /CER incremental cost-effectiveness ratio, PFS pro-
gression-free survival, PP post-progression, RBC red blood cell, USD US dollars

associated with lost productivity due to mortality, which  many of the PFS and OS HRs were available from the clini-

may discount the calculated costs of early mortality.

cal trials, the network meta-analysis conducted to acquire

Regarding the exploratory additional comparator analysis,  treatment line-stratified HRs was limited by the complexity
several important limitations were present. First, some of the = of the network (which sometimes included > 20 regimens),
included regimens did not have PFS and/or OS outcomes  as well as the limited number of trials for each regimen and
reported in their respective clinical trials, which required sig- ~ certain key transitivity issues in the comparison network
nificant assumptions to inform these values. Second, while ~ (most notably, the requirement of a retrospective analysis
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Table 5 Probabilistic sensitivity
analysis summary

Comparator more
effective and less

costly

M. Dolph et al.
Distribution XVd vd Difference Estimated ICER ($) Simulated
ICER ($
Cost ($) QALYs Cost($) QALYs Cost ($) QALYs ®
Average 382,533 3.11 222,948 2.77 159,585 0.34 475,965
5% 360,760 3.40 202,570 3.03 156,927 0.28 568,549 397,290
25% 373,408 3.23 214,506 2.88 158,622 0.31 505,317 435,804
50% 382,873 3.12 222,625 2.77 159,798 0.34 470,241 469,292
75% 390,991 2.99 230,890 2.66 160,685 0.37 438,557 508,027
95% 404,979 2.81 245,124 2.51 161,664 0.40 401,205 577,572

$ US dollars, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year, Vd bortezomib-
dexamethasone, XVd selinexor-bortezomib-dexamethasone

1,62,000 -

1,60,000 -

1,58,000

1

Incremental Costs

1,56,000

L

1,54,000 -

Treatment more
effective and more
costly

Comparator more * Treatment more
effective and more T T T T T T effective and less
costly 0.10 0.15 0.20 0.25 0.30 0.35
Incremental QALYs
Fig. 7 Cost-effectiveness plane. QALY quality-adjusted life-year

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%

0O 0O 0000000000000 00000 0000000090900 9 9O

IsIE=Ii=M= -l Me el MMMl MMl sl llels NN lle)

e R R B A A e R B B e R B B B e A e B B B R B s B S R s ]
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W AN®S O VNS QYN QWVWANO®-SOWOANO® S Q O AN O Q VN

T NN N < TN O O NNOOOOOO OO A N AN N N < 1D W W IN 0 0 O

L T B B R B B R o B o B R o R IO R o B o B |

e 0% CE XV % CE Vvd

Fig. 8 Net benefit analysis. CE cost effective, Vd bortezomib-dexamethasone, XVd selinexor-bortezomib-dexamethasone
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16,00,000 -
14,00,000 - DRd -y
12,00,000 -
< 10,00,000 - ;
3 DP
o
5 800,000 - End Y
~l  6,00,000 - KPdl PVd M Dle
4,00,000 - * < s0C
Rd Xvd
2,00,000 - vd _/0
0 T T T T T T T T 1
000 100 200 300 400 500 600 700 800  9.00
Total QALYs

Fig.9 Comparator analysis plot (incremental cost and quality-
adjusted life-year [QALY] of selinexor-bortezomib-dexamethasone
[XVd] vs comparator). DPd daratumumab-pomalidomide-dexameth-
asone, DRd daratumumab-lenalidomide-dexamethasone, DVd daratu-

to provide the sole link between some of the comparators).
Further studies comparing these regimens would add to the
availability of data, and additional indirect matching tech-
niques (matching-adjusted indirect comparison, simulated
treatment comparison) could potentially add robustness to
these comparisons.

5 Conclusions

Despite improvement in treatments, nearly all patients with
MM relapse following therapy and progress to multiple
treatments. This CEA describes once-weekly XVd vs twice-
weekly Vd in the treatment of previously treated MM from
a US commercial payer perspective (including additional
administration-related costs) over a lifetime horizon. The
base-case analysis comparing XVd to Vd estimated an ICER
of $475,430 per QALY. Deterministic sensitivity analyses
and PSAs generally demonstrated little variance; supporting
the robustness of the analysis. Exploratory analyses com-
paring XVd to other available regimens showed XVd as
dominant, with a lower cost and a higher QALY gain, when
compared with Rd, PVd, and KPd. The addition of XVd to
the treatment landscape for previously treated MM provides
a novel oral regimen.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40273-021-01068-9.
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