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Abstract

Objective To compare the cost-effectiveness of injectable
disease-modifying therapies (DMTs) for the first-line
treatment of relapsing-remitting multiple sclerosis (RRMS)
in Spain.

Methods A Markov model was developed to estimate the
cost-effectiveness of intramuscular interferon beta-1a (IM
IFN-1a), subcutaneous interferon beta-1a (SC IFNp-1a),
interferon beta-1b (IFNf-1b) and glatiramer acetate (GA)
relative to best supportive care in a hypothetical cohort of
1,000 RRMS patients in Spain. The model was developed
from a societal perspective with a time horizon of 30 years.
Natural history and clinical trial data were used to model
relapse rates and disease progression. Cost and utility data
were obtained from a published survey of multiple
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sclerosis patients in Spain. The primary outcome measure
was cost per quality-adjusted life year (QALY) gained.
Univariate and probabilistic sensitivity analyses were
performed.

Results Compared to best supportive care, the base case
cost-effectiveness was €168,629 per QALY gained for IM
IFNB-1a, €231,853 per QALY gained for IFN(-1b,
€295,638 per QALY gained for SC IFN-1a, and €318,818
per QALY gained for GA. Results were most sensitive to
changes in DMT cost, utility values and treatment effect.

Conclusions In our cost-effectiveness analysis of first-line
injectable DMTs in Spain, we found IM IFNf-1a to be more
cost-effective than SC IFNB-1a, IFNB-1b or GA. Sensitivity
analyses confirmed the robustness of these results.

Keywords Multiple sclerosis - Cost-effectiveness -
Disease-modifying therapies - Interferon-beta

JEL Classification 11

Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease
of the central nervous system. The disease results in injury
to the myelin sheaths, the oligodendrocytes and, to a lesser
degree, the axons and nerve cells themselves. Four clinical
courses of MS have been identified with the most common
being relapsing-remitting MS (RRMS). RRMS is charac-
terized by self-limited attacks of neurologic dysfunction
followed by partial or complete recovery [1]. MS is twice
as common in women as in men with most patients being
diagnosed between 20 and 50 years of age [2].

An estimated 2.5 million people worldwide are affected
by MS [2]. MS affects approximately 350,000 people in
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Europe including over 30,000 people in Spain [3-5]. The
prevalence of MS in Spain has been reported as 32—-65 per
100,000 [6-10]. The annual incidence of MS in Spain has
been estimated as 3.8 per 100,000 [7].

The economic burden of RRMS is considerable, due in
part to the early age of onset and the progressive disabling
course of the disease. A recent cost-of-illness study in
Spain estimated the mean societal cost of MS to be €33,456
per patient per year [10]. Consistent with other studies,
costs were found to be correlated significantly with disease
severity. In Spain, the mean total cost for patients with mild
disease and expanded disability status scale (EDSS) of 2.0
was approximately €19,604 per patient per year while
patients with more progressive disease (EDSS 6.5) had
annual per patient costs of over €44,000 [11]. In early
years, disease-modifying therapies (DMTs) comprise a
significant portion of total costs; while in later years,
informal home care accounts for the largest component of
cost. Productivity loss is another significant component of
the societal burden of MS. In Spain, 34 % of MS patients
reported early retirement due to their MS. The annual cost
of early retirement and long-term sick leave was estimated
at almost €9,000 per patient or 26 % of the total annual per
patient cost [10].

Over the last two decades, the introduction of inject-
able DMTs has transformed the treatment of RRMS.
Injectable DMTs for first-line treatment of RRMS include
intramuscular interferon beta-la (IM IFNp-1a—-Avonex),
subcutaneous interferon beta-la (SC IFNP-1a—Rebif),
interferon beta-1b (IFNB-1b—Betaseron, Extavia) and
glatiramer acetate (GA—Copaxone). Randomized, placebo-
controlled clinical trials have shown DMTs to reduce the
number of relapses and slow the progression of the dis-
ease [12-17].

Since the introduction of injectable DMTs in the 1990s,
a number of economic models have been developed to
estimate their cost-effectiveness as the first-line treatment
of RRMS [18-27]. Several models were developed from a
US managed care perspective and report cost per relapse
avoided [20, 21]. Limitations of these models include short
time horizons—Iless than 5 years—and the exclusion of
indirect costs. Other models have been developed from the
societal perspective with time horizons ranging from
10 years to lifetime [18, 24]. The primary outcome mea-
sure of these models was cost per quality-adjusted life year
(QALY) gained. Few cost-effectiveness models have been
developed from the societal perspective of a European
country [19, 22, 25, 26]. The purpose of this model was to
estimate the cost-effectiveness of first-line injectable ther-
apies for the treatment of RRMS from the Spanish societal
perspective. The primary outcome measure was cost per
QALY gained.
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Materials and methods
Model overview

A Markov model was developed to simulate the treatment
effects and costs of five therapeutic strategies for RRMS,
which included; IM IFNB-la (30 pg administered once
weekly), SC IFNB-la (44 pg administered every other
day), IFNB-1b (125 pg administered thrice weekly), GA
(20 mg administered daily) and best supportive care. Best
supportive care consisted of symptomatic treatment and
treatment of relapses. The model was developed from a
societal perspective with a time horizon of 30 years mea-
sured in monthly cycles. The 30-year time horizon was
selected to reflect the chronic progressive nature of the
disease and to capture the long-term costs associated with
RRMS and the benefits of disease-modifying therapy.
The Markov model diagram is presented in Fig. 1.
Health states were defined using the Kurtzke EDSS [28].
EDSS is a widely used method of quantifying disability in
MS. Scores range from O (normal neurologic examination)
to 10 (death due to MS) and increase in half-point incre-
ments. Natural history studies have grouped EDSS levels
into categories based on key levels of disability where
EDSS levels 0-2.5 represent no or minimal disability,
3.0-5.5 moderate disability but fully ambulatory, 6.0-7.5
assistance required for ambulation, 8.0-9.5 restricted to a
wheelchair or bed and, 10.0 death from MS [29]. These

Relapse
EDSS
0.0-2.5

Relapse

All health states may
progress to death

Fig. 1 Markov model
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Table 1 Treatment effects

Source Intervention

Rate (intervention)

Rate (placebo)

Percent reduction (SE)*

Reduction in relapse rates
Johnson [13]
Jacobs [12]°

Glatiramer acetate, 20 mg SC daily
IFNB-1a 30 pg IM weekly
IFNB [16, 17] IFNB-1b, 250 pg SC every other day
PRISMS [14, 15] IFNB-1a 44 pg SC 3 times weekly
Reduction in disease progression
Johnson [13]
Jacobs [12]
IFNB [16, 17]
PRISMS [14, 15]

Glatiramer acetate, 20 mg SC daily
IFNB-1a 30 pg IM weekly

IFENB-1b, 250 pg SC every other day
IFNB-1a 44 pg SC 3 times weekly

1.68
0.90
1.27
2.56

0.246
0.333
0.46

0.383

1.19
0.61
0.84
1.73

0.216
0.211
0.35

0.268

29.17 (4.41)
32.22 3.72)
33.86 (4.25)
32.42 (3.45)

12.20 (3.18)
36.64 (3.83)
23.91 (3.83)
30.03 (3.38)

SC subcutaneous, IM intramuscular, IFN interferon

# Standard errors are beta distributed. Sample size is N on intervention arm; SE based on assumed binomial distribution around mean

® Calculated using first 104 weeks of data for patients accrued early enough to complete >104 weeks of follow-up

EDSS health state groupings have been used in previous
cost-effectiveness models in MS [18, 24, 30].

A hypothetical cohort of 1,000 patients entered the
model with no or minimal disability. The distribution of
patients by EDSS level (57 % with EDSS scores of 1-1.5
and 43 % with EDSS scores of 2-2.5) was based on natural
history data from patients at disease onset [29]. Patients
were assumed to enter the model at 30 years of age which
is the average age of MS diagnosis in Spain.

Table 2 Health state model inputs

All patients entered the model in the EDSS 0.0-2.5
level. As shown in Fig. 1, during each 1 month cycle,
patients in the model experienced one of the following
events: (1) remained in the same EDSS level with no
relapse; (2) relapsed and remained in the same EDSS level;
(3) progressed to the next EDSS level with no relapse; (4)
relapsed and moved to the next EDSS level; or (5) death.
Patients progressed through these different health state
possibilities until model end. Consistent with the natural

State Cycle cost Cycle cost Cycle utility Cycle utility Initial patient EDSS Cycle transition
(mean)® (€) (SD)** (€) (mean)* (SE)*¢ distribution® probability®
EDSS 0 373 323 0.072 0.026 0 0.004389
EDSS 1 373 323 0.072 0.026 570 0.004389
EDSS 2 1,162 1,007 0.060 0.035 430 0.004389
EDSS 3 1,491 1,292 0.050 0.038 0 0.009087
EDSS 4 1,623 1,406 0.051 0.029 0 0.009087
EDSS 5 2,368 2,053 0.046 0.030 0 0.009087
EDSS 6 3,355 2,908 0.041 0.030 0 0.003543
EDSS 7 3,903 3,383 0.037 0.048 0 0.003543
EDSS 8 5,987 5,189 0.007 0.027 0 0.000942
EDSS 9 5,987 5,189 0.007 0.027 0 0.000942
Death 0 0 0.000 0.00 0 0.000000
Relapse 3,100 3,100 —0.100 n/a 0 Time dependent
(annual)

# Disease state costs and utilities were taken from Kobelt et al. [11]

® Costs are assumed to be gamma distributed. SD based on ratio of mean to SD for total costs. For relapse, the SD is assumed to equal the relapse

cost

¢ Utilities are assumed to be beta distributed. SE based on assumed binomial distribution around mean, N is derived from Kobelt et al. [11].

Utility values are assumed to be perfectly correlated

4 TInitial distribution of patients at model entry was derived from Weinshenker et al. [29] and Thompson et al. [36]

¢ The probability of transitioning was derived from Prosser et al. [24] using the gender distribution in Kobelt et al. [11]. Probability of relapse

calculated as in Thompson et al. [36]
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Table 3 Mean monthly disease-modifying therapy (DMT) total per
patient cost (2010 €)

DMT Cost

IFN-1a, 30 pg IM weekly 835.82
IFNp-1a, 44 pg SC 3 times weekly 1,167.21
IFNB-1b, 250 pg SC every other day 865.00
Glatiramer acetate, 20 mg SC daily 781.25

history of the disease, patients in the model were unable to
return to a less disabled state after progressing beyond.

Patients initiated DMTs upon entry into the model.
Consistent with clinical practice in Spain, treatment with
DMTs was assumed to end when a patient reached EDSS
7.0. Once DMTs were terminated, patients in the model
progressed according to the natural history of the disease
and no longer accrued the benefits of therapy.

Disease progression

Data from natural history studies were used to model dis-
ease progression for patients receiving best supportive care
[29, 31]. Transition probability estimates used in the cur-
rent model have been used in prior MS cost-effectiveness
models [18, 24]. Disease progression for patients treated
with DMTs were modeled using data from the pivotal
clinical trials [12-17]. Spanish age-specific and gender-
specific general mortality rates were used for all patients
and treatments [32]. Patients were assumed to have no
additional likelihood of death due to MS.

Relapse

Relapse rates for best supportive care were obtained from
natural history studies while data from the pivotal clinical
trials were used to model relapses for DMTs [12-17, 29, 33].
Relapses were assumed to have a duration of 1 month. Natural
history studies have demonstrated that the risk of relapse in
MS is time dependent and decreases over time [33, 35]. To
account for this time dependency of relapse rates, we incor-
porated a predictive regression formula that was published in a
recent risk-benefit model [36]. The formula was based on data
from four prospective natural history studies [33-35]. In
addition, to address the time dependency of relapse and to be
consistent with other RRMS models, we assumed that no
relapses occurred after EDSS 6.0 [18, 24, 29, 36].

Model inputs
Treatment effects

Treatment effects for IM IFNB-1a, SC IFNf-1a, IFNf-1b
and GA were defined as a percent reduction in the
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probabilities of relapse and disease progression. Treatment
effects were obtained from pivotal clinical trials [12-17]
(Table 1) and applied to the natural transition probabilities
(Table 2). All studies were randomized double-blind pla-
cebo-controlled trials. Effectiveness data for all studies
reflected the experience of patients who had received at
least 2 years of therapy. Treatment effects were discounted
at 3 % annually.

Costs

The current model included direct and indirect costs to
reflect the societal burden of MS. Treatment costs for IM
IFNB-1a, SC IFNB-la (44 pg), IFNB-1b and GA were
based on Spanish ex-factory prices as of July 2010 [37] and
are listed in Table 3. Direct costs and indirect costs were
obtained from a published study of the economic burden
and quality of life of MS patients in Spain [11]. Costs were
stratified by EDSS level (Table 2).

Direct medical costs consisted of inpatient and outpa-
tient admissions, visits to physicians or other health-care
professionals, laboratory tests and procedures. Direct non-
medical costs included those costs related to walking aids,
social services, informal care and transportation assistance.
Indirect costs included productivity loss due to short-term
absence, long-term sick leave and early retirement due to
MS. The human capital method was used to estimate cost.
The Spanish consumer price index (CPI) was used to
inflate all cost data to 2010 euros, and an annual discount
rate of 3 % was applied to costs in the model [38].

Utilities

Utilities are used to measure preference for different health
states and range from 1.0 (perfect health) to O (death). Our
model incorporated mean annual utilities by EDSS level from
a published survey of over 1,800 Spanish patients with MS
[11] that were adjusted to reflect mean monthly utility by
EDSS level for each cycle (see Table 2). The survey used the
EQ-5D (EuroQol), a validated generic instrument, to elicit
utility values [39]. Relapse effects were assigned a utility
decrement of 0.1 which was subtracted from the mean utility
score for the corresponding EDSS level of the patient.
Relapses were accrued on a per event basis.

Model outputs

Model results were reported as total costs, total QALYs
and incremental cost-effectiveness ratios (ICERs) using
cost per QALY gained as the effectiveness measure. ICERs
were calculated for each DMT versus best supportive care.

Both univariate and multivariate sensitivity analyses
were performed to evaluate the impact of uncertainty on
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model results. For the univariate sensitivity analysis the
parameters varied were: natural disease progression rates;
cost of relapse; cost of EDSS state; indirect costs; EDSS
health utilities and relapse disutility; DMT efficacy; initial
patient EDSS distribution; discount rate; time horizon;
DMT costs; and SC IFNf-1a dose.

Multivariate probabilistic sensitivity analysis (PSA)
using Monte Carlo methods (1,000 simulations) was based
on the variances of costs; natural disease progression rates;
relapse rates and utility values. Results for the four DMTs
versus best supportive care were plotted on cost-effec-
tiveness acceptability curves (CEACs). The cost-effec-
tiveness acceptability frontier (CEAF) was also assessed,
assuming the decision to use a DMT had been made.

Results
Base case

The results of the base case analysis are presented in
Table 4. Best supportive care produced a total of 13.07
QALYs gained per patient. The average total cost for
patients treated with best supportive care was €299,922 per
patient.

Treatment with all four DMTs provided additional
benefit when compared to best supportive care. Total
QALYs gained per patient were greatest with IM IFNf-1a
(13.94), followed by SC IFNB-1a (13.85), IFNB-1b (13.78)
and GA (13.57). The mean per patient costs were lowest
with IM IFN-1a (€446,832), followed by GA (€459,199),
IFNB-1b (€465,400), and SC IFNf-la (€530,832). The
ICERs for IM IFNf-1a, SC IFNB-1b, SC IFNB-1a and GA
each compared to best supportive care were €168,629,
€231,853, €295,638, and €318,818 per QALY gained,
respectively.

Table 4 Base case results

Costs per QALYs Cost per
patient (€)  gained per QALY gained
patient €)
Best supportive care 299,922 13.0712 Reference
IM IFNf-1a, 30 pg 446,832 13.9424 168,629
weekly
IFNB-1b, 250 ng SC 465,400 13.7849 231,853
every other day
SC IFNB-1a, 44 ng 530,832 13.8523 295,638
3 times weekly
Glatiramer acetate, 459,199 13.5708 318,818

20 mg SC daily

Sensitivity analysis

Sensitivity analyses indicated that for the comparison of
IM IFNB-1a, SC IFNB-1a and IFNB-1b versus best sup-
portive care, results were most sensitive to variation in
DMT costs, cycle utilities, and relapse severity as mea-
sured by the disutility assigned to relapse events (Fig. 2a—
d). For the comparison of GA versus best supportive care,
results were most sensitive to variations in relapse severity,
DMT costs, and the reduction in relapse rate. Notably, the
ICER for IM IFNf-1a versus best supportive care exhibited
the least sensitivity to one-way variation in input parame-
ters while the ICER for GA versus best supportive care
exhibited the most sensitivity. A scenario analysis showed
that when the 22 pg form of SC IFNB-1a was used with a
monthly price of €778.15, a percentage reduction in disease
progression of 22.35 %, and a percentage reduction in
relapse rate of 28.91 %, the ICER versus best supportive
care was €233,594 per QALY.

The CEACs indicate that results of the current model
were robust (Fig. 3). There was a 50 % probability that IM
IFNB-1a would be cost-effective versus best supportive
care at a cost per QALY threshold of €170,000 per QALY,
as opposed to a 0, 6, and 0 % probability that SC IFNf-1a,
SC IFNB-1b or GA, respectively, would be cost-effective
compared to best supportive care at this threshold. The
CEAF results (not shown) indicated that IM IFNf-1a rep-
resented the optimal treatment option across all ceiling
values tested, conditional on using a DMT, with results
ranging from it being most cost-effective in 79-97 % of
simulations tested.

Discussion

Based on the model results presented here, IM IFNf-1a
was more cost-effective than SC IFNB-1a, IFNB-1b or GA
as measured by cost per QALY gained. Sensitivity analyses
confirmed the robustness of these results and demonstrated
that IM IFNB-la was the most cost-effective option in
79-97 % of all the simulations performed.

We are aware of five cost-effectiveness studies that have
reported incremental cost per QALY gained in first-line
injectable DMTs [18, 19, 23, 24, 26]. Prosser et al. [24]
compared the cost-effectiveness of DMTs using pivotal
trial data and a 10-year time horizon. The base case results
from the model were US $1.8 million per QALY gained
for IM IFNB-1a. The results from this latter study were
substantially higher than ours due to several assumptions in
their model. The first is that the Prosser study applied a
disutility to effectiveness to account for side effects. Other
differences include a shorter time horizon, adjustments for
discontinuation and different sources for utility values and
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Fig. 2 Tornado diagram. a
a Intramuscular (IM) interferon
(IFN)B-1a, 30 pg weekly.

b IFN-1b, 250 ng

subcutaneous (SC) thrice

weekly. ¢ SC IFNB-1a, 44 pg

every other day. d Glatiramer

acetate, 20 mg SC daily

Starting population 100% EDSS 0

Treatment effect’s reduction in disease progression (+/- 2 SE)
Monthly cycle cost (+/- 50%)

Treatment effect’s reduction in relapse rate (+/- 2 SE)
Indirect costs excluded from monthly cycle cost

10 year time horizon

20 year time horizon

Starting population 25% EDSS (, 1,2, 3
Starting population based on Bell et al.
Discount rate of 10%

Relapse severity (+/- 50%)

DMT per cycle therapy costs (+/-25%)

Relapse severity (+/- 50%)

Monthly utilities (+/- 50%%)

Treatment effect’s reduction in disease progression (+/- 2 SE)
Treatment effect’s reduction in relapse rate (+/- 2 SE)
Disease progression rates (+/-25%)

Starting population 100% EDSS 0

Monthly eycle cost (+/- 50%)

Starting population based on Bell et al.

5 year time horizon

Indirect costs excluded from monthly cycle cost
Starting population 25% EDSS 0, 1,2, 3

Relapse severity (+/- 50%)

10 year time horizon

20 year time horizon

Discount rate of 10%

DMT per cycle therapy costs (+/-25%)
Monthly utilities (+/- 50%)
Relapse severity (+/- 50%)

Disease progression rates (+/-25%)

5 year time horizon

Discount rate of 0%

IM IFN-1a vs. Best Supportive Care

(Base case = €168,629 per QALY gained)

€100,000 €200,000 €300,000 €400,000 €500,000

IFNB-1b vs. Best Supportive Care

(Base case = €231,853 per QALY gained)

Discount rate of 0%

cost. Despite these differences in data sources and
assumptions, when Prosser extended the time horizon to
40 years in sensitivity analyses, the results were similar to
our model with an incremental cost per QALY gained for
IM IFNB-1a of US $250,000 for women and $235,000 for
men.

Another cost-effectiveness study by Chilcott et al.
[19] was commissioned by the National Institute for
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€ 100,000 €200,000 €300,000 €400,000 € 500,000

Clinical Excellence and reported cost per QALY
gained. This model used a time horizon of 20 years and
was conducted from the perspective of the United
Kingdom’s National Health Service. The base case
results in this model ranged from £42,000 per QALY
gained for IM IFN-la to £98,000 per QALY gained
for GA. While the cost per QALYs gained in the
Chilcott model were lower than those reported in
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Fig. 2 continued c

SC IFNB-1a vs. Best Supportive Care

(Base case = €295,638 per QALY gained)

DMT per cycle therapy costs (+/-25%)

Monthly utilities (+/- 50%)

Relapse severity (+/- 50%)

Disease progression rates (+/-25%)

Treatment effect’s reduction in disease progression (+/- 2 SE)
Starting population 100% EDSS 0

Treatment effect’s reduction in relapse rate (+/- 2 SE)
Rebif 22 meg

Starting population based on Bell et al.

Monthly cvele cost (+/- 50%)

Starting population 25% EDSS 0, 1,2, 3

Indirect costs excluded from monthly cycle cost

20 year time horizon

Relapse severity (+/- 50%)

10 year time herizon

Discount rate of 10%

Discount rate of 0%

5 year time horizon

Relapse severity (+/- 50%)

DMT per cycle therapy costs (+/-25%)

Treatment effect’s reduction in relapse rate (+/- 2 SE)
Treatment effect’s reduction in disease progression...

Monthly utilities (+/- 50%)

5 year time horizon

10 vear time horizon

Disease progression rates (+/-25%)

Starting population based on Bell et al.

Starting population 100% EDSS 0

Discount rate of 10%

Monthly cycle cost (+/- 50%)

Relapse severity (+/- 50%)

Indirect costs excluded from monthly cycle cost

Starting population 25% EDSS0,1,2. 3

20 vear time horizon

Discount rate of 0%

the current model, the rank order of results were the
same.

A model published by Noyes and colleagues from the
University of Rochester reported cost per QALY gained for
first-line injectable DMTs [23]. Results from this model
were considerably higher than in our study and most others
with cost per QALY gained ranging from US $901,319 per

€ 100,000 €200,000 €300.000 €400,000 €500,000

GA vs. Best Supportive Care
(Base case = €318,818 per QALY gained)

€ 100,000 €200,000 €300,000 €400,000 €500000

QALY gained for IM IFNB-1a to US $2.1 million per
QALY gained for GA. The difference in results between
the Noyes model and the current model can be explained
by several factors. The first is that the University of
Rochester model used data that included patients with
secondary progressive multiple sclerosis (SPMS) which
would be expected to have higher costs than RRMS
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Cost-effectiveness acceptability curves
Cost per QALY gained
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Fig. 3 Cost-effectiveness acceptability curve (CEAC) for each therapy compared to best supportive care

patients. Interestingly, IM IFNf-1a, SC IFNB-1a, IFNf-1b
and GA are not indicated for use in SPMS in the United
States so the rationale for including these patients in the
University of Rochester model is not clear. Using a more
disabled population would increase cost and decrease
QALYSs contributing to the higher cost per QALY gained
in the Rochester model. Time horizons used in the models
also contributed to the differing results. The current model
incorporated a 30-year time horizon while the Noyes model
used a time horizon of 10 years. Lack of transparency is
another limitation of the Noyes model. The paper, pub-
lished in 2011, does not report how health states were
defined or how treatment effects were incorporated into the
model. The paper also does not report the utility values that
were used in the model. Because of this lack of transpar-
ency, it is difficult to compare the results of this model with
other cost-effectiveness models in MS. Of note, in sensi-
tivity analyses, the Noyes model found improved cost-
effectiveness ratios when DMTs were initiated earlier in
the course of disease compared to waiting until patients
were more disabled.

Results in the current model are most consistent with a
cost-utility model developed by Bell et al. [18], which was
based on a US payer perspective and a lifetime time
horizon. Results in this model ranged from US $258,000 to
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$416,000 per QALY gained compared to best supportive
care. The Bell model was similar to ours in model struc-
ture, cycle length and assumptions that limited the occur-
rence of relapse and DMT use to patients in EDSS 0.0-5.5.
There are also several differences in the models. Bell
adjusted the probabilities of relapse for the interferons to
account for the development of neutralizing antibodies.
This assumption may partially explain why GA, which is
not associated with neutralizing antibodies, had the lowest
cost per QALY in the Bell model.

The results of our model appear to be consistent with
another model developed in Spain [26]. The Sanchez de la
Rosa model was developed from the societal perspective
with 1 month cycle lengths and a time horizon of 10 years.
Total cost was reported as €322,509 for GA, €329,595 for
IM IFNB-1a, €333,925 for IFNB-1b and €348,208 for SC
IFNB-1a. Similar to our model, total QALYs gained were
highest for IM IFN-1a and lowest for GA. The Sanchez de
la Rosa model found IM IFN-la to be the dominant
treatment strategy (lower cost and higher QALY) com-
pared to SC IFNf-1a and IFNB-1b. The cost per QALY
gained for IM IFNf-1a compared to GA was €117,914.

In our model, univariate sensitivity analyses indicated
that DMT cost was a major driver of cost-effectiveness. In
Spain, at the time our model was developed, the cost of SC
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IFNB-1a (44 ng) was 40 % higher than IM IFN-1la.
However, reducing the cost of SC IFNf-1a to the level of
IM IFNB-la resulted in a cost per QALY gained of
€233,594 compared to €168,629 for IM IFNp-1a.

Strengths of our model include the structure, which has
been used in several other cost-effectiveness studies in
RRMS [18, 24, 30]. The model incorporates health states
based on the widely accepted EDSS and uses a 1 month cycle
length, which has been used in previous RRMS models [18,
20, 30]. Another strength is our use of a 30-year time horizon.
Weinstein and colleagues recommend that model time hori-
zons should be long enough to reflect important and valued
differences between long-term consequences and costs of
alternative treatment strategies [40]. Given the chronic, pro-
gressive nature of MS, the differences among DMTs in
slowing disease progression, and the substantial costs asso-
ciated with more disabled disease states, we believe a 30-year
time horizon is appropriate for RRMS. Finally, consistent
with good practice guidelines, we conducted both determin-
istic and probabilistic sensitivity analyses to explore param-
eter uncertainty [40, 41].

There are several limitations to the current study. First,
the effectiveness inputs are based on efficacy data from
randomized controlled clinical trials with strict inclusion
and exclusion criteria. As such, the efficacy results from
the trials may not accurately reflect the treatment effects in
the general RRMS population. Ideally, our model would
incorporate “real world data” to better reflect the perfor-
mance of these therapies in clinical practice. In the absence
of these data and to be consistent with previous cost-
effectiveness studies in RRMS, we used efficacy data from
the randomized placebo-controlled trials for our effec-
tiveness inputs. Another limitation of our model is the lack
of long-term comparative data for the DMTs. As com-
monly done in cost-effectiveness studies, we used efficacy
results from 2-year clinical trials and assumed a constant
treatment effect over a time horizon beyond the 2-year trial
length. Another limitation of our model is that we did not
consider the impact of adverse events or common treatment
side effects such as flu-like symptoms or injection site
reactions. Inclusion of these transient events would likely
reduce QALYs slightly across all DMTs but would not
likely have a significant effect on results. Lastly, the model
assumes that the risk of death is equivalent for the MS and
general populations. Evidence on whether MS patients
have a lower life expectancy than the general population is
mixed. Some research has suggested that MS patients have
a slightly lower life expectancy but the magnitude of the
difference is small. Therefore while the model could have
adjusted the probability of death, it would not likely have
had a significant effect on results.

As new therapies become available for the treatment of
MS, it will be important to consider both the clinical and

economic value of all therapies. Cost-effectiveness models
provide useful data to compare the cost and effectiveness
of different therapies. Our model suggests that, in Spain,
IM IFNB-1a appears to be a more cost-effective treatment
option than SC IFN-1a, IFNB-1b or GA. These results
have important implications for Spanish payers and phy-
sicians as the number of treatment options for RRMS
continue to increase. Further research is needed to compare
the cost-effectiveness of injectable DMTs with the new
oral agents.
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