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ABSTRACT

Introduction: This study assessed the cost-ef-
fectiveness of ozanimod compared with com-
monly used disease-modifying therapies (DMTs)
for relapsing–remitting multiple sclerosis
(RRMS).
Methods: Annualized relapse rate (ARR) and
safety data were obtained from a network meta-
analysis (NMA) of clinical trials of RRMS treat-
ments including ozanimod, fingolimod, dime-
thyl fumarate, teriflunomide, interferon beta-

1a, interferon beta-1b, and glatiramer acetate.
ARR-related number needed to treat (NNT) rel-
ative to placebo and annual total MS-related
healthcare costs was used to estimate the
incremental annual cost per relapse avoided
with ozanimod vs each DMT. ARR and adverse
event (AE) data were combined with drug costs
and healthcare costs to manage relapses and AEs
in order to estimate annual cost savings with
ozanimod vs other DMTs, assuming a 1 million
USD fixed treatment budget.
Results: Treatment with ozanimod was associ-
ated with lower incremental annual healthcare
costs to avoid a relapse, ranging from $843,684
vs interferon beta-1a (30 lg; 95% confidence
interval [CI] - $1,431,619, - $255,749) to
$72,847 (95% CI - $153,444, $7750) vs fin-
golimod. Compared with all other DMTs,
ozanimod was associated with overall health-
care cost savings ranging from $8257 vs inter-
feron beta-1a (30 lg) to $2178 vs fingolimod.
Compared with oral DMTs, ozanimod was
associated with annual cost savings of $6199
with teriflunomide 7 mg, $4737 with terifluno-
mide 14 mg, $2178 with fingolimod, and $2793
with dimethyl fumarate.
Conclusion: Treatment with ozanimod was
associated with substantial reductions in annual
drug costs and total MS-related healthcare costs
to avoid relapses compared with other DMTs. In
the fixed-budget analysis, ozanimod demon-
strated a favorable cost-effective profile relative
to other DMTs.
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Key Summary Points

This analysis provides healthcare
stakeholders with insights into the cost-
effectiveness associated with the use of
ozanimod versus other self-administered
disease-modifying therapies (DMTs) for
relapsing-remitting multiple sclerosis
(RRMS).

Treatment with ozanimod was associated
with substantial reductions in annual
drug costs and total MS-related healthcare
costs to avoid relapses compared with all
other DMTs included in the analysis;
these reductions were significant versus
glatiramer acetate (20 mg), teriflunomide,
interferon beta-1b, and interferon beta-1a.

Treatment with ozanimod was associated
with cost savings compared with the other
DMTs included in the analysis.

INTRODUCTION

Relapsing–remitting multiple sclerosis (RRMS) is
an immune-mediated, neurodegenerative dis-
ease characterized by episodes of relapses fol-
lowed by periods of remission [1]. Although
episodes of neurologic dysfunction are often
followed by periods of recovery, relapses can be
associated with sustained disability [2–4]. Over
time, most patients transition into the sec-
ondary progressive phase [5], which has a sig-
nificant impact on patients’ quality of life and
imposes a higher economic burden [6]. Among
patients with RRMS, the occurrence of relapses
in a given year is also associated with higher
healthcare costs [5, 7]. The overall economic
burden of multiple sclerosis (MS) is very high. A
recent US study [8] estimated the total eco-
nomic burden to be $85.4 billion (direct medi-
cal costs of $63.3 billion and indirect and

nonmedical costs of $22.1 billion), and the
excess per capita annual medical costs of
patients with MS was $65,612 more than for
individuals without MS.

Since the approval of the first disease-modi-
fying therapy (DMT) for MS nearly 30 years ago,
the treatment landscape has rapidly expanded
[9, 10], and there are now over a dozen DMTs
approved by the US Food and Drug Adminis-
tration (FDA) [11]. DMTs are effective in
reducing relapse rates and delaying disease
progression, which in addition to preserving
function and quality of life can also lead to
savings in the overall cost of care. However, MS
requires lifelong management and the cost of
treatment with existing DMTs remains high
[12]. Moreover, differences in dosing, adminis-
tration, and adverse events (AEs) are important
factors affecting patients’ tolerance of and
adherence to these therapies [13].

Ozanimod is a relatively new oral DMT that
received FDA approval in 2020 [14]. Taken
orally once daily, ozanimod is a sphingosine
1-phosphate (S1P) receptor modulator that
binds with high affinity to S1P receptors 1 and
5, inhibiting immune cell migration to the
central nervous system [14]. In a recently pub-
lished network meta-analysis (NMA) [15], the
annualized relapse rate (ARR) with ozanimod
was significantly lower than the rate with other
first-line oral and injectable DMTs for RRMS
(interferon beta-1a [22, 30, and 44 lg], inter-
feron beta-1b [250 lg], glatiramer acetate
40 mg, and teriflunomide [7 mg and 14 mg])
and similar to the rate with dimethyl fumarate
(240 mg) and fingolimod 0.5 mg. The rates of
any AE and serious AEs (SAEs) with ozanimod
were also comparable to those with other oral
DMTs. In a subsequent number needed to treat
(NNT) analysis, ozanimod demonstrated an
improved relapse rate and a better safety profile
than placebo and other DMTs [16].

Given that available DMTs vary in their
ability to reduce relapse and AE rates, as well as
in their annual cost per patient, it is important
to jointly evaluate the health and economic
impacts of DMTs commonly used for the treat-
ment of patients with RRMS. However, other
published cost-effectiveness analyses of DMTs
in RRMS have not included ozanimod among
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the comparators [17–19]. The purpose of this
study, therefore, was to assess the cost-effec-
tiveness of ozanimod compared with other oral
and injectable DMTs (i.e., self-administered
therapies) using several measures, including
incremental drug costs per relapse avoided, MS-
related healthcare costs per relapse avoided, and
cost savings associated with avoiding relapses
and AEs with ozanimod vs comparator DMTs
over a 1-year period, with a goal of providing
healthcare decision makers in the USA with a
more complete and current assessment of the
RRMS treatment landscape.

METHODS

Data Sources

Comparative data were obtained from previ-
ously conducted NMA [15] and NNT [16] anal-
yses of ARR and AEs for DMTs. Analyses
included commonly used first-line oral DMTs
(ozanimod [1 mg], fingolimod [0.5 mg], dime-
thyl fumarate [240 mg], and teriflunomide [7
and 14 mg]) and injectable DMTs (interferon
beta-1a [22, 30, and 40 lg], interferon beta-1b
[250 lg], and glatiramer acetate) for the treat-
ment of RRMS. Notably, the NMA networks did
not include AE data for interferon beta-1a
(22 lg) and interferon beta-1b (250 lg); these
treatments were therefore excluded from any
analyses that relied on these comparative safety
data.

Data on annual costs of treatment with
selected DMTs were obtained from the Red Book
(IBM 2020) online drug pricing database [20].
Healthcare cost data associated with relapses
were obtained from a targeted literature review.
Healthcare cost data associated with managing
AEs and SAEs were obtained from the Health-
care Cost and Utilization Project data set and
the Centers for Medicare and Medicaid Services
database [21].

Compliance with Ethics Guidelines

No new data were collected in the course of this
study, and approval from an ethics committee

was not required to conduct this analysis. The
data sets used are publicly available and did not
require permission to use. The study does not
involve human subjects; all studies included in
the model we report conformed with the Hel-
sinki Declaration of 1964 and its amendments.

Analyses

Annual Drug Costs
Drug costs (in 2020 US dollars) were calculated
on the basis of dosing regimens approved by the
FDA for RRMS. Wholesale acquisition costs
(WAC) per unit dose were obtained from the
Red Book Online database [20]. Using these
data, we calculated annual drug costs per person
for each DMT of interest by multiplying the
drug WAC per unit dose by the total dose
required over a 1-year period (Online Resource 1
in the electronic supplementary material).

Incremental Annual Drug Costs to Avoid
a Relapse
The cost per relapse avoided for each DMT over
a 1-year period was calculated as the product of
the NNT [16] to avoid a relapse and annual drug
costs per person. Incremental annual drug costs
per relapse avoided for ozanimod vs each com-
parator drug were calculated as the difference in
annual drug costs to avoid a relapse between
ozanimod and each comparator. A negative
value for incremental annual drug costs indi-
cated that the drug costs to avoid one relapse
were lower for ozanimod than for the com-
parator. The 95% CI for the incremental drug
costs was calculated using the delta method,
assuming normality and independence of the
rate/risk difference outcome data obtained from
the NMA [15].

Cost of Managing a Relapse
Healthcare cost data associated with managing
relapses in RRMS were extracted from selected
references identified by a targeted literature
review. Cost data were transformed to 2020 US
dollars [22]. Average healthcare cost estimates
in the identified references were used for the
analysis [23–26]. Online Resource 2 in the elec-
tronic supplementary material provides a
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summary of relapse-related costs. Sensitivity
analyses were conducted to assess the impact of
changing this cost estimate on the outcomes of
interest.

Cost of Managing an Adverse Event
There were a large number of possible AEs to
consider in order to estimate the average cost of
managing an AE in patients with RRMS. To
simplify this calculation, we first estimated the
cost of managing an SAE and nonserious AE and
used these values to estimate the cost of
managing an AE (described in detail in Online
Resources 3 and 4 in the electronic supplemen-
tary material). The cost of managing any AE in a
patient with RRMS was calculated as follows:

Cost of managing any AE
¼ 1 � wð Þ

� cost of managing a nonserious AEð Þ þ w
� cost of managing an SAEð Þ

where w is the relative frequency of SAEs vs
nonserious AEs and was determined from safety
data reported in the ozanimod RADIANCE trial
[27] (Online Resource 5 in the electronic sup-
plementary material). Sensitivity analyses were
also conducted to assess the impact of changing
this cost estimate on outcomes.

Total Annual MS-Related Healthcare Costs
and Total Costs Per Relapse Avoided
The total annual healthcare cost per relapse
avoided was calculated as follows:

Total annual MS-related healthcare cost per patient for treatment A

¼ annual drug costs of treatment Að Þ
þ cost of managing a relapseð Þ � probability of relapse with treatment A in a yearð Þ
þ cost of managing any AEð Þ � probability of an AE with treatment A in a yearð Þ:

The probability of an AE per treatment per
year was obtained from the treatment arm-level
NMA results (the probability of relapse was
derived from ARR NMA data). The total
healthcare cost per relapse avoided for each
treatment was calculated as follows:

Total MS-related healthcare cost per relapse avoided

¼ NNT to avoid a relapseð Þ
� total annual MS-related healthcare cost per patientð Þ:

Thus, the incremental total annual MS-
related healthcare cost per relapse avoided for
ozanimod vs each comparator was calculated as
the difference between corresponding MS-
related healthcare cost per relapse avoided. A
negative value for incremental MS-related
healthcare costs indicated that the cost to
avoid one relapse was lower for ozanimod
than for the comparator.

Cost Savings
We used an alternative cost-effectiveness
approach that focused on cost savings to
simultaneously account for relative treatment
efficacy and safety, drug costs, and healthcare
costs associated with each event of interest.
Specifically, a fixed-budget analysis was used to
estimate cost savings (or cost offsets) associated
with avoiding relapses and AEs for ozanimod vs
comparator DMTs. For this analysis, it was
assumed that there was an annual fixed budget
B (i.e., 1 million US dollars) available for the
treatment of patients with RRMS. Assuming also
that all patients could be treated with one
treatment (either ozanimod or one of the com-
parators), we calculated the number of patients
that could be thus treated for 1 year as the ratio
between B and annual drug costs per person.
Among treated patients, the number of events
(either relapses or AEs) that were prevented was

calculated as the total number of treated
patients divided by the NNT for avoiding one
event with that drug, and this value was used to
calculate the difference in relapse events or AEs
that were avoided by treating patients with
ozanimod vs a comparator. The annual savings
from avoiding these events were assumed to be
equivalent to healthcare spending associated
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with their management. Finally, the total sav-
ings associated with using ozanimod vs the
comparator drug for a budget B were calculated
as the sum of savings related to avoiding relap-
ses and savings related to avoiding AEs. Because
total savings changed linearly with budget B,
the ratio of total savings to B was interpreted as
dollars saved per dollar invested, with a larger
ratio indicating greater cost-effectiveness of
ozanimod vs the comparator. Additional details
on these calculations can be found in Online
Resource 6 in the electronic supplementary
material.

Sensitivity Analysis
Sensitivity analyses were conducted to assess
the impact of different values of relapse and AE
management costs on (1) total MS-related
healthcare costs; (2) incremental MS-related
healthcare costs to avoid a relapse; and (3) fixed-
cost savings. We considered two scenarios: a
high-cost scenario in which the cost of manag-
ing a relapse or an SAE was twice the base-case

cost and the relative frequency of nonserious
AEs vs SAEs was 0.80 (base case = 0.91); and a
low-cost scenario in which the cost of managing
a relapse or an SAE was half the base-case cost
and the relative frequency of nonserious AEs vs
SAEs was 0.95. For each treatment, the three
outcomes were recalculated on the basis of the
costs for each of these two scenarios, and the
relative changes compared with the base-case
scenario were calculated to quantify the impact
of changes in these managing cost estimates.

RESULTS

Incremental Annual Drug Costs Per
Relapse Avoided

The highest annual drug costs were incurred by
patients treated with interferon beta-1a 22 lg
and 44 lg ($115,676) and fingolimod
($110,660) (Table 1). The highest drug cost per
relapse avoided vs placebo was incurred by
patients treated with interferon beta-1a 30 lg

Fig. 1 Incremental annual drug costs of ozanimod vs comparators to avoid a relapse. Comparators: teriflunomide,
interferon beta-1a, interferon beta-1b, glatiramer acetate, fingolimod, and dimethyl fumarate
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($1,170,022) and teriflunomide 7 mg
($827,458). Compared with other DMTs, ozan-
imod was associated with lower annual drug
costs to avoid a relapse, with incremental cost
differences ranging from $823,168
(95% CI - $1,398,077, - $248,259) with inter-
feron beta-1a 30 lg to $72,789
(95% CI - $152,101, $6522) with fingolimod
(Fig. 1).

Annual MS-Related Healthcare Costs

Healthcare costs associated with managing a
relapse and any AE were $3583 and $1047,
respectively. The estimated total annual MS-re-
lated healthcare costs per patient ranged from
$77,923 for glatiramer acetate 40 mg to
$117,570 for interferon beta-1a 44 lg (Fig. 2).

Total MS-Related Healthcare Costs Per
Relapse Avoided

Compared with other DMTs, ozanimod was
associated with lower total annual healthcare
costs to avoid a relapse, with incremental cost
differences ranging from $843,684
(95% CI - $1,431,619, - $255,749) with inter-
feron beta-1a 30 lg to $72,847
(95% CI - $153,444, $7750) with fingolimod
(Fig. 3 and, in the electronic supplementary
material, Online Resource 7).

Cost Savings

Compared with other DMTs, treatment with
ozanimod was associated with annual health-
care cost savings ranging from $2178 (vs fin-
golimod) to $8257 (vs interferon beta-1a 30 lg)
based on a budget of 1 million USD (Fig. 4 and,
in the electronic supplementary material,
Online Resource 8).

Fig. 2 Total multiple sclerosis-related healthcare cost per
patient per year for each disease-modifying therapy.
Disease-modifying therapies: teriflunomide, interferon

beta-1a, glatiramer acetate, fingolimod, dimethyl fumarate,
and ozanimod. AE adverse event

Neurol Ther (2023) 12:849–861 855



Sensitivity Analyses

The results of the sensitivity analyses showed
that the base-case results were robust to rela-
tively large changes in the estimated costs of
managing relapses and AEs. Total MS-related
healthcare costs were on average 3.8% higher
than the base case across all treatments in the
high-cost scenario and 1.0% lower in the low-
cost scenario. The incremental MS-related
healthcare costs per relapse avoided were simi-
lar in terms of directionality and statistical sig-
nificance between the high- and low-cost
scenarios compared with the base-case results.
The incremental costs were on average 4.0%
higher than the base case across all treatments
in the high-cost scenario and 1.2% lower in the
low-cost scenario. Fixed-cost savings were also
qualitatively similar between the high- and low-
cost scenarios compared with the base-case
results. As expected, the relapse and AE saving
components increased in the high-cost scenario

and decreased in the low-cost scenario, corre-
sponding to changes in the respective costs of
managing each type of event. In terms of total
savings (the sum of these two components), the
numerical changes were large: total savings
were on average 120.4% higher than the base
case across all treatments in the high-cost sce-
nario and 51.1% lower in the low-cost scenario
(Online Resource 9 in the electronic supple-
mentary material).

DISCUSSION

There are multiple DMTs available for the
treatment of RRMS. Although cost alone must
never be the sole consideration in therapeutic
decision-making, cost-effectiveness analyses
that quantify benefits, risks, and costs associ-
ated with different treatments are particularly
advantageous when the therapeutic armamen-
tarium is wide and clinical guidelines are

Fig. 3 Incremental total annual multiple sclerosis-related healthcare costs of ozanimod vs comparators to avoid a relapse.
Comparators: teriflunomide, interferon beta-1a, glatiramer acetate, fingolimod, and dimethyl fumarate
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sparing in their practice recommendations. The
current study provides important insights into
the clinical and economic impact of oral and
injectable DMTs; unlike other cost-effectiveness
analyses conducted in North America, this
study includes ozanimod, approved in 2020, in
the comparison [17–19]. First, efficacy and
safety data were combined to estimate MS-re-
lated healthcare costs. Additionally, a novel cost
savings approach was used to compare treat-
ments (i.e., accounting simultaneously for rel-
ative treatment efficacy and safety, drug costs,
and healthcare costs associated with each out-
come of interest). The findings provide health-
care decision makers in the USA with evidence
on the cost-effectiveness of DMTs to inform
appropriate treatment selection for patients
with RRMS.

Our results showed that depending on the
DMT, total MS-related healthcare costs per
patient per year ranged from approximately
$78,000 to $118,000. Compared with glatiramer
acetate (20 mg), teriflunomide (7 mg and
14 mg), and interferon beta-1a (30 lg and
44 lg), treatment with ozanimod was associated
with significant reductions in annual drug costs
and total annual MS-related healthcare costs to
avoid relapses. Compared with fingolimod,
dimethyl fumarate, and glatiramer acetate
(40 mg), ozanimod was associated with numer-
ical reductions in treatment costs and MS-re-
lated healthcare costs. In the fixed-budget
analysis, ozanimod showed a favorable cost-ef-
fectiveness profile compared with other DMTs
considering relative treatment efficacy and
safety as well as drug and healthcare costs. The

Fig. 4 Savings associated with using ozanimod vs comparators over a 1-year period. Comparators: teriflunomide, interferon
beta-1a, interferon beta-1b, glatiramer acetate, fingolimod, and dimethyl fumarate. AE adverse event
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fixed-budget analysis highlighted the relative
differences between treatment in terms of sav-
ings, while the incremental cost per relapse
approach highlighted the absolute differences
in costs between treatments.

These results were robust to variations in the
estimated costs of managing relapses and AEs,
particularly for total MS-related healthcare
costs, and are in line with a previous analysis
demonstrating that ozanimod was associated
with a lower cost per relapse avoided compared
with dimethyl fumarate, fingolimod, and teri-
flunomide [28]. In contrast, we used ARR and
AE data synthesized via an NMA, which served
to adjust for some cross-trial differences by
measuring treatment effects relative to a com-
mon reference arm. The current study also
provided a risk–benefit profile for each treat-
ment by including safety outcomes in addition
to ARR and estimated the overall cost savings
associated with each treatment by combining
incremental drug costs to avoid relapses and
AEs along with the associated healthcare costs.

Analyses were conducted to compare incre-
mental drug cost per relapse avoided for ozani-
mod vs diroximel fumarate (Vumerity), another
oral DMT approved by the FDA in 2019 for the
treatment of RRMS. The approval of diroximel
fumarate was based largely on the safety and
efficacy of dimethyl fumarate, given the
demonstration of their bioequivalence [29].
Diroximel fumarate was not included in the
previous NMA because of a lack of efficacy data.
Assuming the same ARR as dimethyl fumarate
and an annual drug cost of $88,000, we esti-
mated diroximel fumarate to have an incre-
mental annual drug cost per relapse avoided
of - $33,604 (95% CI - $124,285, $57,077)
compared with ozanimod, indicating that
ozanimod was associated with lower drug cost
per relapse avoided compared with diroximel
fumarate, although the difference was not sta-
tistically significant. However, these results
should be interpreted in light of the strong
assumptions made regarding the efficacy of
diroximel fumarate. Moreover, comparisons
were limited to cost per relapse, given the dis-
tinct safety profiles of diroximel fumarate and
dimethyl fumarate (i.e., AE rates could not be
assumed to be the same for the two drugs).

The results of our study should be considered
within the context of certain limitations. First,
the comparative ARR data were based on indi-
rect evidence synthesized via an NMA because
for most DMTs, there were no data from head-
to-head comparisons; thus, our analyses may
have been biased by unobserved differences
between patient populations. Second, the esti-
mation of SAE and AE costs relied on assump-
tions (i.e., the mix of specific SAEs was assumed
to be comparable between different DMTs, and
each nonserious AE was assumed to require one
outpatient visit and a set of routine laboratory
tests) which may not be generalizable to real-
world settings. Since the analysis compares the
costs associated with treatment over a 1-year
period, AEs occurring after treatment discon-
tinuation were not assessed. The approach used
to calculate the cost of managing an AE helped
to overcome the problem of having a large
number of AEs and a lack of outpatient data for
specific diagnoses in the Healthcare Cost and
Utilization Project data set but was based on the
assumption that the relative frequency of SAEs
vs nonserious AEs (i.e., the weight w) was simi-
lar across DMTs. Moreover, the weight w was
calculated by assuming that most patients did
not have both serious and nonserious AEs, but
an increasing number of patients with both
types of AEs would lead to the overestimation of
w and consequently of the cost of any AE. It
should be noted that the direct and indirect
costs of managing relapses may differ between
patient populations [30]. To address these lim-
itations, we conducted sensitivity analyses to
evaluate the robustness of the main results to
variations in the estimated costs of managing
AEs. Third, the treatment costs did not include
administrative and monitoring costs; however,
the latter account for only about 1% of drug
costs [28, 31] and are therefore not expected to
contribute substantially to differences between
treatments. We focused on commonly used
first-line therapies for RRMS that are self-ad-
ministered in order to compare pharmacy costs
per relapse avoided. Treatments administered
by a healthcare provider (i.e., infusion thera-
pies, which were not considered in this study)
may accrue additional costs. Fourth, NMA net-
works did not include AE data for interferon

858 Neurol Ther (2023) 12:849–861



beta-1a 22 lg and interferon beta-1b 250 lg;
therefore, total healthcare cost and fixed-budget
analyses that relied on these safety data were
not feasible for these treatments. Fifth, our
methodology considers treatment effects solely
in terms of clinical outcomes reported in clini-
cal trials, rather than benefits measured by
patient-reported outcomes or patient prefer-
ence. Recently, progression independent of
relapse activity (PIRA) has been proposed as a
mechanism of disability progression in RRMS
and even as a uniting feature of MS phenotypes
[32–34]. However, a universal definition of PIRA
has not been validated as an outcome measure
or embraced as an endpoint in clinical trials
among patients with RRMS, nor was PIRA
studied in the clinical trials of the treatments we
compared. Finally, it should be noted that the
results of this analysis are specific to the USA.
However, the methodologic approach, whereby
cost-effectiveness was determined using an
additional cost per relapse analysis or a fixed-
budget analysis could be readily adapted and
applied to other healthcare settings with avail-
able data.

CONCLUSION

Compared with all other DMTs evaluated,
treatment with ozanimod was associated with
reductions in annual drug and total annual MS-
related healthcare costs to avoid relapses in
patients with RRMS; these reductions were sig-
nificant versus glatiramer acetate (20 mg), teri-
flunomide (7 mg and 14 mg), interferon beta-1b
(250 lg; annual drug costs only), and interferon
beta-1a (30 lg and 44 lg).
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