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A Multiple Treatment Comparison of Eleven Disease-
Modifying Drugs Used for Multiple Sclerosis
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Abstract

Background: Several disease-modifying drug therapies are available
for the treatment of multiple sclerosis (MS). To ensure the most ap-
propriate MS management, we assessed the effectiveness and cost-
effectiveness of the disease-modifying medicines used for MS.

Methods: We conducted a systematic review including 11 disease-
modifying drugs used for treatment of adult patients diagnosed with
relapsing-remitting MS. We performed a network meta-analysis using
both direct and indirect evidence. We examined the endpoints, annual
relapse, disability progression, mortality, serious adverse events and
withdrawal from the study due to adverse events. Cost-effectiveness
was assessed by developing a decision model. The model calculated
costs and quality-adjusted life years (QALYs) with different treat-
ment strategies. Uncertainties in the parameter values were explored
with a probabilistic sensitivity analysis and several scenario analyses.

Results: Alemtuzumab 12 mg was the most effective against annual
relapse (high quality evidence). For disability progression, dimethyl
fumarate 240 mg and fingolimod 0.5 mg and 1.25 mg were more ef-
fective treatment alternatives (high quality evidence). For withdrawal
due to adverse events, the conclusion is unclear due to the low quality
of the available evidence. Peg-interferon beta-1a was associated with
more adverse events (than the other treatments). None of the exam-
ined treatments had an effect on overall mortality compared to pla-
cebo. The economic analysis indicated that alemtuzumab was more
effective in terms of QALY and less costly than the other treatment
alternatives. Discarding alemtuzumab, three treatment alternatives
(interferon beta-1b (Extavia), peg-interferon beta-1la and natalizum-
ab) could be considered cost-effective depending on the willingness-
to-pay (WTP) threshold. Assuming a WTP below EUR 111,690 per
QALY, interferon beta-1b (Extavia) was approximately 36% likely to
be the most cost-effective treatment, followed by peg-interferon beta-
la (approximately 34% likely).

Conclusions: Our results showed that alemtuzumab can be consid-
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ered as more effective and less costly than the other treatment alterna-
tives. There is a substantial potential cost saving if more patients start
on the more effective and less costly treatment alternatives.
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory disorder of
the central nervous system (CNS) with secondary neurodegen-
eration [1]. MS is one of the most common causes of disability
in young adults [2]. The disease usually starts around the age
of 30 (range 20 - 40), and prevalence rates peak at the age
of 50 [3]. The median time to death is around 30 years from
disease onset, representing a reduction in life expectancy of
5-10years [1].

Incidence surveys show an increase in MS incidence in
later years [3], from 1.9 (95% CI: 1.2 - 2.6) for the period from
1953 to 1957, to 8.5 (95% CI: 7.3 - 9.7) for the period from
1978 to 2007 [4]. In Europe, the incidence and prevalence of
MS are higher in women than in men [5].

Clinical manifestations depend on the affected area of the
CNS. Symptoms reflect an involvement of motor-, sensory-,
visual- and autonomic systems [1]. Symptoms evolve over
time. MS appears in several degrees of severity from a mild
form (with few attacks) to a more progressive disease that is
potentially highly disabling and that has large impact on the
quality of life of patients and their families [1].

Relapsing-remitting MS (RRMS) is the most common
type of MS. About 85-90% of MS patients will initially be
diagnosed with RRMS [6]. RRMS is characterized by acute
symptomatic attack episodes of worsening of function fol-
lowed by partial or complete recovery [7]. Approximately half
of the patients with RRMS will develop secondary progressive
MS (SPMS) [8]. SPMS is associated with disease progression
without clinical attacks and of highly variable degrees [9].

Disease progression is usually monitored by relapse rate
and disease progression. The gradual increasing level of dis-
ability is often measured with the expanded disability status
scale (EDSS), an ordinal scale ranging from 0 (normal clinical
status) to 10 (death due to MS) in steps of 0.5 points [10].

Disease-modifying medicines are the standard treatment for
patients with MS. It is possible to treat the underlying disease,
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Table 1. Overview of Included Interventions

Interventions

Administration form and recommended dose

Alemtuzumab (Lemtrada)

12 mg concentrate for solution for infusion

12 mg/day for 5 consecutive days, then after 12 months: 12 mg/day for 3 consecutive days. Diluted and IV

over approximately 4 h

Dimethyl fumarate (Tecfidera)
240 mg twice daily

Fingolimod (Gilenya) 0.5 mg hard capsules

0.5 mg once daily

Glatiramer acetat (Copaxone)

120 or 240 mg gastro-resistant hard capsules

20 mg/mL solution for injection, pre-filled syringe

20 mg of glatiramer acetate (one pre-filled syringe), administered as a subcutaneous injection once daily
40 mg of glatiramer acetate administered three times weekly

Interferon beta-1a (Avonex)

30 pg (6 million IU) powder and solvent for solution for injection

30 pg (1 mL solution), by intramuscular (IM) injection once a week

Interferon beta-1a (Rebif)

22 ng (6 million IU) solution for injection in pre-filled syringe

44 ng given three times per week by subcutaneous injection

Peg-interferon beta-1a (Plegridy) 125 pg injected subcutaneously every 2 weeks

Interferon beta-1b (Betaferon)
vial)

250 pg (8.0 million IU)/mL, powder and solvent for solution for injection (300 pg (9.6 million IU) per

250 pg (8.0 million IU), contained in 1 mL of the reconstituted solution, to be injected subcutaneously

every other day
Interferon beta-1b (Extavia)
Natalizumab (Tysabri)

See: interferon beta-1b (Betaferon) above

300 mg concentrate for solution for infusion

300 mg by IV over approximately 1 h, once every 4 weeks

Teriflunomide (Aubagio) 14 mg film-coated tablets

14 mg once daily, swallowed whole with some water

mg: milligram; IV: intravenous; h: hour; mL: millilitre; pg: microgram; IU: International Units; IM: intra muscular.

relapses and MS-related symptoms. Disease-modifying drugs
may inhibit the inflammatory process to prevent progression and
reduce disabilities due to the disease. The different treatment op-
tions have different mechanisms of action, routes of adminis-
tration, approved indications and other differences influencing
their use. The various medications are presented in Table 1.

The use of MS medicines has been described as “uneven”
with “questionable effects on the long-term accumulation of
disability and disease progression” [1]. Disease-modifying
treatments are expensive. Currently, a number of new disease-
modifying therapies are available for the treatment of MS, but
it is uncertain whether the new medicines are cost-effective in
the Norwegian setting. To ensure proper MS management, it is
important to assess the effectiveness and cost-effectiveness of
all disease-modifying medicines used for MS.

Materials and Methods

Literature search and selection of studies

We searched for published health technology assessment
(HTA) reports and systematic reviews (SRs). We included only
reports and reviews of high quality that met our inclusion cri-
teria. We supplemented the evidence with data from recently
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published randomized controlled trials (RCTs).

We were interested in the following interventions: dime-
thyl fumarate, teriflunomide, interferon beta, peg-interferon,
glatiramer acetate, natalizumab, fingolimod, and alemtuzumab
compared to placebo or any drug treatment. The drugs could
be used as monotherapy or in combination with each other.

The outcomes of interest were: clinical relapse, disability
progression measured using the EDSS, mortality, withdrawal
from study due to adverse events, hospitalization, and serious
adverse events (SAEs) in patients aged 18 or older diagnosed
with RRMS.

A systematic literature search was performed in Febru-
ary 2015, and updated in November 2015. We searched the
following databases: Ovid MEDLINE(R) In-Process & Other
Non-Indexed Citations and Ovid MEDLINE(R) version 1946
to Present; Embase version 1974 to present; Cochrane Cen-
tral Register of Controlled Trials (Central); ISI web of Sci-
ence; PubMed (epub ahead of print) and Epistemonikos. We
searched also the following websites: Canadian Agency for
Drugs and Technologies in Health (CADTH), Agency for
Healthcare Research and Quality (AHRQ), FinOHTA - Finn-
ish Office for Health Technology Assessment, Statens beredn-
ing for medicinsk utvardering (SBU), EUnetHTA POP data-
base (POP = Planned and Ongoing Projects), and PROSPERO
- Centre for Reviews and Dissemination. The complete search
strategies are presented in Supplementary material 1 (www.
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jocmr.org). We contacted the pharmaceutical companies hav-
ing marketing authorization for the included drugs in Norway
to obtain additional studies. We checked bibliographies of se-
lected articles for additional publications meeting our inclusion
criteria. Finally, we looked for ongoing trials in ClinicalTrials.
gov and WHO International Clinical Trials Registry Platform
(ICTRP) to identify relevant ongoing or unpublished trials.

To identify relevant HTA reports and SRs, two reviewers
read titles and abstracts retrieved by the literature search, and
excluded obviously irrelevant literature. We included the most
recently published HTA report that met all our inclusion criteria.

To identify possible RCTs published after the identified
HTA report, two reviewers independently inspected all titles
and abstracts retrieved by the literature. We included the rel-
evant articles that met our list of inclusion criteria. Disagree-
ments were resolved by discussion or by consulting a third re-
viewer. The same process was used to select publications sent
by companies having marketing authorization for MS medi-
cines in Norway.

One reviewer extracted data from the included articles and
another reviewer checked these for accuracy.

Statistical analyses and presentation of results

We conducted an SR and network meta-analyses (NMAs) of
existing literature, following the methods recommended in the
PRISMA statement for reporting SRs and meta-analyses of
studies that evaluate healthcare interventions [11]. The proto-
col for the SR can be seen in Supplementary material 2 (www.
jocmr.org).

We expressed the comparative effectiveness of the treat-
ments as the relative risk (RR) for dichotomous outcomes, an-
nualized rate ratios (ARRs) for count data and the mean differ-
ence (MD) for continuous outcomes. For all outcomes, 95%
confidence intervals (CIs) or credible intervals (Crls) were
calculated for the RR, ARR, and MD. The Crl is the Bayesian
analogue to CIs used in traditional frequentist statistical ap-
proaches. We considered a difference to be “significant” if the
Crl did not include RR =1 or MD = 0.

For count data (number of relapses), we used a Poisson re-
gression based approach to obtain ARR from the total number
of relapses and patient-years of follow-up.

We performed an NMA for each clinical endpoint individ-
ually. We combined direct and indirect effects of the interven-
tions of interest for each endpoint. The analysis was based on
multiple treatments meta-analysis (MTM) as described by Sal-
anti et al [12]. We used the arm-based NMA method (a Bayes-
ian method based on Markov Chain Monte Carlo simulation).
All NMAs were performed using Winbugs version 1.4.3 (Im-
perial College and MRC, UK).

We used a random effects model. Incoherence between
direct and indirect evidence was checked by “node-splitting”
[11]. In addition, the direct and indirect estimates of effect and
the corresponding Bayesian “P-values” for incoherence were
presented. A ranking of the included treatments for each pri-
mary endpoint is presented using the surface under the cumu-
lative ranking curve (SUCRA) [12]. We interpreted the rank-
ings cautiously taking the quality of evidence into account.
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For the endpoint “number of relapses”, we performed im-
putations to derive needed values where included trials did not
report the total number of relapses or exposure time (person-
years). Missing number of total relapses was derived using the
exposure time (person-years) and the reported mean ARR val-
ues. For missing exposure-time (in person-years), the values
were imputed using treatment duration and number of patients
completing the study (100% was assumed in cases where the
percentage of completers was not reported).

For disability progression, measured as a dichotomous
outcome, we assumed that participants who dropped out ex-
perienced the event (a likely scenario). For all other endpoints,
we did not perform imputations for missing data. We based the
statistical analyses on the intention to treat principle (all par-
ticipants analyzed in the group to which they were allocated,
and all available data included in the analyses).

The quality of the evidence

We assessed the quality of the SR part of the identified HTA
using the checklist for SR in the handbook of The Norwegian
Knowledge Centre for the Health Services (21).

The quality of the resent published RCTs which were not
included in the HTA was assessed using the Cochrane Col-
laboration’s tool for Risk of Bias assessment [13]. We assessed
the overall quality of evidence for each endpoint, for direct
evidence, indirect evidence, and the combined evidence from
the NMAs, using GRADE (Grading of Recommendations As-
sessment, Development, and Evaluation) [14, 15]. To grade the
indirect evidence, we considered the direct evidence that con-
tributed to that indirect evidence. To select the direct evidence
that might have contributed to the indirect evidence, we chose
the evidence that involved fewest head-to-head comparisons.
For a specified comparison, the grade of the NMA evidence
was the highest GRADE between the direct and indirect evi-
dence for that comparison. The categories for confidence in
the effect estimates are: high, moderate, low and very low.
The quality of the direct evidence, indirect evidence, and the
combined evidence from the NMAs was evaluated using the
GRADE approach for NMAs [14].

Cost-effectiveness analysis

In the economic evaluation, we assumed that a typical RRMS
patient is on average 30 years at diagnosis [3], and 68% are
female (based on the included studies in our SR and clinical
expert opinion).

The analysis was carried out from a healthcare perspec-
tive. Both costs and effects were discounted at a rate of 4%
per annum. The results of the economic evaluations were ex-
pressed as mean incremental cost-effectiveness ratio (ICER).

Model structure

In order to assess the cost-effectiveness of different disease-
modifying medicines for patients with RRMS, a probabilistic
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decision-analytic model was developed in TreeAge pro® 2015.
The model is of the Markov type where a cohort of patients
is followed over a given period of time. This was considered
appropriate as MS is a chronic condition requiring continuous
treatment [16, 17].

The model simulates the natural history of MS using the
state transition methodology (Supplementary material 3, www.
jocmr.org). Health states were defined according to the Kurtz-
ke EDSS [18]. Disability status was modeled from 0 to 10 for
RRMS and from 2 to 10 for SPMS [18].

During one cycle, all patients could 1) remain in the cur-
rent health state, 2) progress to the next more severe state, 3)
transit to a secondary-progressive health state, or 4) die (Sup-
plementary material 3, www.jocmr.org). Patients with an EDSS
scale of 5 or lower could also improve to a less severe disease
state, or stop treatment. Improvement in lower health states
was modeled by assuming that a maximum of two EDSS-point
improvements could be achieved [19]. Patients would discon-
tinue treatment once they progressed to an EDSS of 6 or SPMS
(based on clinical experts’ opinion).

In the base-case analysis, we assumed no treatment effect
once patients progressed to an EDSS of 6. It is also document-
ed that with advancing disease (EDSS > 6), less relapses occur
[19]. We, therefore, assumed that relapses would occur only in
patients with EDSS of 5 or lower.

We assessed the costs and utilities associated with differ-
ent treatment options over 20 years for the base-case analysis.
The time period was based on experts’ opinion describing that
most of the patients will not continue with disease-modifying
medicines beyond 20 years. Alternative horizons of 10 years
and 30 years were considered in scenario analyses. We used
a cycle length of 1 year, meaning that any transitions between
different states could happen only once a year. Patients could
only be in one of the pre-defined states at any time. Upon com-
pletion of each cycle, patients could, depending on transition
probabilities, transfer to another state or remain in the same
state until death or the end of the simulation. Each state and
event is associated with specific health outcomes and costs.
Death is modeled as an absorbing state, implying that once an
individual dies, no further incurred costs or health outcomes
are included in the analysis.

Disease-modifying therapies are usually initiated in pa-
tients with an EDSS score lower than 5, and mostly for pa-
tients with an EDSS score between 1 and 3 (clinical expert
opinion and [20]). EDSS distributions used in our analysis are
presented in Supplementary material 4 (Www.jocmr.org).

Based on reporting of withdrawals in studies included
in our SR, we set annual treatment discontinuation rate at
15% for the first 2 years in the base-case analysis. A previ-
ous study showed that the proportion of patients who discon-
tinued treatment and the degree of treatment adherence were
similar across different treatment options [21]. We, therefore,
assumed the same discontinuation rate across all treatment op-
tions. We assumed no discontinuation after 2 years (based on
expert opinion). Any patient who discontinued therapy subse-
quently progressed according to natural history rates with no
additional cost of therapy.

Based on the result of our SR, none of the examined treat-
ments had a survival benefit. The annual risk of dying of other
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causes is, therefore, assumed to be the same as the general pop-
ulation. We collected age- and gender-specific Norwegian all-
cause mortality [22]. A weighted average was calculated based
on the assumption that 68% of RRMS patients were female.

Model parameters

Table 2 [23-29] shows the key parameters used in the base-
case analysis. The sources and methods used to derive the
model parameters are described below.

Natural history transitional probabilities

We did not find Norwegian data compatible to the developed
model, so the transitional probabilities are based on estimates
reported in the published literature. However, the transferabili-
ty of the data to the Norwegian context was critically discussed
and modified based on expert advice.

Disability progression

Probabilities for disability progression within RRMS health
states, transitioning from RRMS to SPMS, as well as disabil-
ity progression within SPMS health states were derived from
a large 25-year patient-level cohort study (untreated patients)
undertaken in London, Ontario, Canada [23, 30]. The reported
data were eligible for our model, and used by several previ-
ously published economic studies [24, 31].

Instantaneous hazard rates for disability progression with-
out disease-modifying treatment are presented in Table 2. All
rates were transformed into transition probabilities for use in
the model [32]. All natural history probabilities were incorpo-
rated in the model as beta distributions.

Relapse rate

There were no available Norwegian data on annual relapse
rates compatible to our model. We considered therefore the
best available sources. Annual relapse rates have been estimat-
ed based on Ontario cohort data [23], and published evidence
suggested that the frequency of relapse is affected by a pa-
tient’s age and disease duration (with the frequency of relapse
decreasing over time) [33, 34]. Based on Ontario cohort data,
the mean relapse rate after 2 years since disease onset was re-
ported to be 0.835 and 1.423 for patients in EDSS 0 - 2 and
3+, respectively [23]. These estimates were adjusted such that
the patients enter the model with an average time since disease
onset of 5 years and onwards (based on the studies included
in our SR) (Supplementary material 5, www.jocmr.org). These
annual relapse rates were judged applicable to the Norwegian
context by our clinical experts. We used a Gamma distribution
for annual relapse rates based on the assumption that events
with a known average rate occur in a fixed interval of time.
Based on published literature and expert opinion, we as-
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sumed that 23% of relapses were severe [25]. In addition, we
assumed that the average length of mild or moderate relapses
was 45 days. For severe relapses, it was assumed to be 90 days
[24, 25].

Improvements in MS disability

Tremlett and colleagues [19] concluded that improvements in
MS disability over 1 or 2 years were not unusual. The result of
their study indicated that 8.3% of patients had an improvement
of at least one point in the EDDS scale after 1 year, and 2.2%
showed greater than or equal to two-point improvements. In
our model, we considered a maximum of two EDSS-point
improvements. Based on expert opinions, the rates of annual
disability improvements were used in the model only for the
EDSS states lower than 6.

Clinical efficacy parameters

Clinical efficacy data used in the model were derived from our
SR of relapse rates and disability progression (Table 2). The
RRs of sustained disability progression were multiplied to the
transitional probabilities of patients moving to higher health
states, as well as to progression to SPMS health states. Patients
transitioned as natural history of disease transitional probabili-
ties between SPMS health states and we assumed that treat-
ments had no effect on the transition between SPMS states.
Patients who discontinued treatment progressed according to
transitional probabilities for natural disability progression, but
retained any previously accrued benefits.

The expected numbers of relapses for each treatment al-
ternative were estimated in the model by multiplying the treat-
ment effect on the relapse rates for each treatment alternative
(Table 2) to the average number of relapses experienced with
“no treatment”.

Based on expert opinions, we considered a reduction in
treatment effect over time. Full effect of treatments was as-
sumed to be 100% for the first 4 years, 75% from year 5 to 10,
and 50% beyond 10 years.

Treatment-related adverse events

Generally, disease-modifying therapies are well tolerated. Our
SR showed no statistically significant differences between
the therapies for SAEs. Moreover, most of the adverse events
related to the RRMS treatments were transient, and some of
them may potentially be related to the disease process (e.g. de-
pression). Based on the assumption that the costs and disutility
associated with adverse events would not have a significant
impact on the results, we did not include adverse events, ex-
cept for progressive multifocal leukoencephalopathy (PML),
in the model. However, some of the differences for resource
use related to the adverse events have been considered when
estimating monitoring costs associated with each of the treat-
ment strategies. For more information, see Supplementary ma-
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terial 6 (Table 6.2-6.4) (Www.jocmr.org).

Natalizumab has been reported to be associated with the
development of PML, which is a rare but serious infectious or
inflammatory disease. PML is a viral infection (JC-virus) lead-
ing to inflammation and finally demyelination, often resulting
in severe disability or death [35]. It has been shown that there
is a risk of developing PML of 2.84 cases per 1,000 patients
who received natalizumab for MS [36]. It was also reported
that 22% of the reported natalizumab-associated PML patients
died [36].

Recently PML has also been reported in a small number of
patients treated with other disease-modifying therapies, such
as dimethyl fumarate and fingolimod. Due to insufficient data,
we included PML only for natalizumab in the model.

Costs

An annual cost per patient associated with different treatment
alternatives was calculated for each health state and event in
the model. The costs included in the model are drug costs,
monitoring costs associated with the use of drugs, costs related
to MS patients care (excluding drugs) at different EDSS levels,
and costs related to the treatments of relapses and PML (Table
2). All costs were measured in 2015 Norwegian kroner (NOK)
and converted into Euros based on the average exchange rate
for Norwegian kroner to Euros in 2015 (EUR 1.00 =~ NOK
8.9530) reported by the Norwegian Central Bank).

Annual drug costs

Drug costs were calculated based on recommended doses and
the maximum pharmacy retail prices that we received from the
drug procurement cooperation (Table 1 and Supplementary
material 6, www.jocmr.org).

Monitoring costs associated with the use of medicines

Monitoring costs associated with use of medicines were cal-
culated based on the estimates we received from the drug pro-
curement cooperation. The monitoring costs were estimated
separately for the first and second year. Based on the informa-
tion from clinical experts, we calculated the monitoring costs
beyond the second year. The estimated monitoring costs are
summarized in Table 2 and Supplementary material 6 (Www.
jocmr.org).

Costs associated with MS care (exclusive costs associated
with interventions)

The costs associated with different health states (EDSS levels),
and relapse (mild and severe) were obtained from a Norwe-
gian survey study carried out in 2013, and including 546 MS
patients [26]. The costs related to diagnosis, treatment, nursing
care, assistive devices and equipment were included in the cost

www.jocmr.org
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Abstracts for possible SR/HTAreports;n = 277
Abstracts for possibleRCTs; n = 644
(identified through database searching)

Abstracts for possibleSR/HTAreports;n =1
Abstractsfor possibleRCTs;n = 2

(identified through manual searching)

Total number of abstracts for possible SR/HTAreports,n= 278
Total number of abstracts for possible RCTs; n = 646

820references exduded
on thebasis of the abstract

v

l

Full-text SR/HTA assessed for eligibility;n = 19
Full-textarticles assessed for eligibility;n = 85

Excluded full-text SR/HTA;n = 18
5| Excludedfull-textartides;n =71
(Supplementary 9)

l

Totalincluded: 1 HTAreport (with 37 relevant RCTs),
and 15full textartidesrepresenting 11 RCT's

1RCT provided bya
pharmaceutical company

Figure 1. Flowchart of identification and selection of documentation. SR: systematic review; HTA: health technology assessment;

RCT: randomized controlled trial.

calculation of different health states. The difference between
the monthly costs for patients who had experienced relapse
and for those who had not, was estimated to be approximately
EUR 1,631. The costs associated to different EDSS states and
relapses are presented in Table 2.

Costs associated with the treatment of PML

We assumed that most of the patients who developed PML
needed hospital treatment. The costs were estimated based on
prices from the Norwegian DRG system (DRG code 421). Pa-
tients who survived PML also needed 3 - 6 months extra treat-
ments at rehabilitation centers. We assumed EUR 335 cost per
day for stay at rehabilitation center [37].

Health-related quality of life

In order to obtain utility weights, we performed a systematic
search for published values. For consistency, and as the use of
different utility instruments would yield different results, we
focused on values based on EQ-5D, the most commonly used
instrument [38].

In the base-case, we used the utility values reported by
Orme and colleagues [27]. The study was a cross-sectional
study of people comprising all courses of MS (RRMS, SPMS
and PPMS) from the UK. Based on the systematic search for
health related quality of life data, this is the only study that has
presented the utility weights associated with each EDSS state,
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SPMS and relapse by using the EQ-5D method.

As Orme and colleagues [27] did not make a distinction
between mild or moderate and severe relapse, we assumed
that the reported disutility was for mild or moderate relapses.
Therefore, the ratio between disutility associated with mild or
moderate relapse and severe relapse estimated by Prosser and
co-workers [25] was applied to estimate the disutility associat-
ed with severe relapse. As mentioned, it was assumed that the
average length of mild or moderate relapse and severe relapse
would be 45 and 90 days, respectively [24, 25].

We assigned a disutility of 0.4 (0.3 - 0.5) to the year a
patient experienced PML [28]. We did not identify reliable
data on the effect on patients’ utility of the different meth-
ods of administrating the medication. Therefore, the pos-
sible disutility associated with injections is not included in
the model. The mean values and standard errors of the utility
(quality-adjusted life year (QALY)) weights used in our model
are presented in Table 2 and Supplementary material 7 (Www.
jocmr.org).

Sensitivity analysis

The model was created as a probabilistic model. This means
that all uncertain parameters (treatment efficacy, costs, epide-
miological data, etc.) were modeled as probability distributions
rather than point estimates. To explore the consequences of un-
certainties in the base-case parameter values, we performed
a probabilistic sensitivity analysis in which all input param-
eters were randomly drawn from probability distributions and
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Figure 2. Evidence network for annualised relapse rate.

the model was run 10,000 times. For probabilities, the beta or
gamma-distributions were constructed on plausible ranges for
parameters. For costs, we modeled gamma-distributions where
limits were within 30% of the base-case value. Efficacy and
safety parameters were assumed to have a log-normal distribu-
tion where mean and CIs from our NMA were used to estimate
the parameters. Beta or log-normal distributions were used for
utility values in the model (Supplementary material 7, www.
jocmr.org).

In addition, we performed an analysis of the expected val-
ue of perfect information (EVPI) on all uncertain parameters
(costs, treatment efficacy, QALY's and probabilities) to explore
the uncertainty surrounding specific groups of parameters and
to show which group has the most impact on the results.

Results

Description of included studies

We included the most recent HTA report [24] that met our
specified inclusion criteria from the initial search for SRs/
HTAs (Fig. 1). We supplemented the evidence with data from
recently published RCTs (from 2013 to the last date of our
literature search November 2015) (Fig. 1). Details on selection
processes, and included studies are provided in Supplemen-
tary material 8 (www.jocmr.org). The excluded publications
including reasons for the exclusions are given in Supplemen-
tary material 9 (www.jocmr.org). In addition, possible relevant
ongoing trails are listed in Supplementary material 10 (www.
jocmr.org).

Altogether, we included 37 studies: 26 from the selected
HTA reports [24], and 11 RCTs [13, 15, 39-47] from our sup-
plementary search. All RCTs included RRMS patients. We had
information for 39 comparisons including active treatments
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versus placebo, and compared with each other [13-15, 18, 39,
41-74]. Treatment histories varied, with 13 RCTs confined to
treatment-naive patients, four included treatment experienced
participants, 11 combined treatment-naive and treatment ex-
perienced patients, and treatment history was unclear in nine
studies. Many of the published studies did not examine medi-
cations separating first- and second-line treatments. An over-
view of the included RCTs is presented in Supplementary ma-
terial 11 (www.jocmr.org).

Clinical effectiveness

The relative effectiveness comparisons of the included drugs
are based on the NMA. For annualized relapse rate, disability
progression, withdrawals due to adverse events, change in ex-
panded disability scale, SAEs and mortality, all interventions
were included in the NMA. We used placebo as the common
comparator in the network. Due to insufficient data, we could
not perform an NMA for the endpoint hospitalization.

The evidence network for annualized relapse rate is shown
in Figure 2. The results of the random effect NMA for the rela-
tive comparison between the interventions, as well as a grad-
ing of the evidence are presented in Table 3 and Supplemen-
tary material 12 (www.jocmr.org).

Alemtuzumab 12 mg had the highest probability of pre-
venting annual relapses (RR: 0.29; 95% CI: 0.23 - 0.35) and
had a high quality of evidence.

Disability progression was examined as a dichotomous
variable, considering whether someone was less disabled or
not when using a certain treatment. The evidence network for
disability progression is shown in Figure 3. The results of the
NMA showed that alemtuzumab 24 mg (RR: 0.36; 95% CI:
0.16 - 0.74) and alemtuzumab 12 mg (RR: 0.40; 95% CI: 0.27
- 0.60) were the most effective treatment against disability pro-
gression; however, the quality of the evidence was assessed to
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Table 3. Relative Risk for Annual Relapse and Disability Progression From Network Meta-Analysis

Annual relapse

Disability progression

Interventions

RR (95% CI) GRADE RR (95% CI) GRADE
Alemtuzumab 24 mg IV q.d. 0.16 (0.1 to 0.25) Low 0.40 (0.27 to 0.60) Low
Alemtuzumab 12 mg IV q.d. 0.29 (0.23 to 0.35) High 0.36 (0.16 to 0.74) Very low
Natalizumab 0.3 (0.24 t0 0.36) Moderate 0.59 (0.42 to 0.84) Moderate
Fingolimod oral 1.25 mg 0.45 (0.39 to 0.53) High 0.71(0.56 to 0.90) High
Fingolimod oral 0.5 mg 0.46 (0.39 to 0.54) High 0.71 (0.55 t0 0.90 High
Dimethyl fumarate 240 mg 2.i.d. 0.5 (0.42 t0 0.6) High 0.65 (0.49 to 0.85) High
Dimethyl fumarate 240 mg t.i.d. 0.5 (0.42 t0 0.6) High 0.68 (0.52 to 0.89) High
Interferon beta-1b 500 ng SC 1/2 d 0.62 (0.51 to 0.74) Moderate 0.79 (0.56 to 1.10) Low
Interferon beta-1a 44 pg 0.64 (0.56 t0 0.72) High 0.77 (0.60 to 1.01) Low
Peg-interferon beta-1a 125 ug 1/2 w 0.65 (0.49 to 0.85) High 0.61 (0.36 to 0.98) Low
Glatiramer acetate 20 mg 0.65 (0.59 t0 0.73) High 0.78 (0.63 to 0.96) Low
Glatiramer acetate 40 mg 0.66 (0.52 to 0.82) High NA NA
Interferon beta-1b 250 pg 0.66 (0.57 to 0.76) Moderate 0.2 (0.54 t0 0.92) Low
Teriflunomide oral 14 mg 0.67 (0.58 to 0.77) High 0.73 (0.51 to 1.05) Low
Interferon beta-1a 22 pg 0.69 (0.57 to 0.83) Moderate 0.84 (0.61to 1.19 Low
Peg-interferon beta-1a 125 ng 1/4 w 0.73 (0.56 to 0.95) High 0.62 (0.38 to 1.01) Low
Teriflunomide oral 7 mg 0.77 (0.68 to 0.9) High 0.80 (0.55to 1.13) Low
Interferon beta-1a 30 pg 0.82 (0.73 t0 0.91) High 0.80 0.65 to 0.99) Moderate
Interferon beta-1a 60 pg IM q.w. 0.86 (0.7 to 1.06) High NA NA

RR: relative ratio; Cl: confidence interval; SC: subcutaneous; IM: intra muscular; q.d.: once daily, g.w.: once weekly; t.i.w.: three times weekly; 2.i.d:

two times daily; t.i.d: three t

be low or very low. For high quality evidence, dimethyl fu-
marate 240 mg and fingolimod 0.5 mg and 1.5 mg were more
effective treatments (Table 3 and Supplementary material 13,

WWW.jocmr.org).

imes daily; 1/2 w: once every 2 weeks; 1/4 w: once every 4 weeks; NA: not available.

For withdrawal due to adverse events, the conclusion is
unclear due to the low quality of the available evidence. How-
ever, our results indicated that fingolimod 1.25 mg with mod-

erate quality of evidence (RR: 2.21; 95% CI: 1.42 - 2.58) and

Fingolimod oral 0.5 mg

Fingolimod oral 1.25 mg Dimethyl fumerate 3 times daity

Dimethyl fumerate 2 times daily

Alemtuzumab 24 mg

Alemtuzumab 12 mg

| Teriflunomide oral 7 mg
Interferon beta-1a 44 mcg

Teriflunomide oral 14 mg

/ " Placebo
Peginterferon every 3 weeks

Peginterferon every 2 weeks

Interferon beta-1a 60 mcg

Interferon beta-1b 250 mcg

Interferon beta-1b S00 mcg
Natalizumab

Figure 3. Evidence network for disability progression.
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interferon beta-1a 44 pg with low quality evidence (RR: 2.21;
95% CI: 1.29 - 3.97) were associated with more withdrawal
due to adverse events than the other treatment alternatives
(Supplementary material 14, www.jocmr.org).

The results of the NMA indicated that alemtuzumab 24 mg
(mean difference: -0.91; 95% CI: -1.48 to -0.40), alemtuzumab
12 mg (mean difference: -0.6; 95% CI: -1.02 to -0.24) were
more effective than the other treatment regarding change in
EDSS (Supplementary material 15, www.jocmr.org).

Based on the NMA results, no treatments were found to
increase statistically significantly SAEs. Alemtuzumab 12 mg
was associated with fewer SAEs (RR: 0.67; 95% CI: 0.37 -
1.28), and peg-interferon beta-1 was associated with more ad-
verse events (RR: 1.66; 95% CI: 1.21 - 2.28) than other treat-
ment (Supplementary material 16, www.jocmr.org).

In addition, none of the examined treatments were associ-
ated with a statistically significantly higher risk for mortality
than placebo (Supplementary material 17, www.jocmr.org).

The full NMA results comparing all available treatment
strategies for all clinical outcomes are presented in Supple-
mentary material 18 (www.jocmr.org).

More details about the estimates of the clinical outcomes
with quality rating (GRADE) for direct and indirect evidences
are shown in the Summary of Finding Tables in Supplemen-
tary material 19 (www.jocmr.org).

Dominated by alemtuzumab
Dominated by alemtuzumab
Dominated by alemtuzumab
Dominated by alemtuzumab
Dominated by alemtuzumab
Dominated by alemtuzumab
Dominated by alemtuzumab
Dominated by alemtuzumab
Dominated by alemtuzumab
Dominated by alemtuzumab
Dominated by alemtuzumab

ICER (EUR/QALY)

Dominant

Incremental effect (QALYSs)

-0.64
-0.64
-0.73
-0.48
-0.67
-0.84
-0.77
-0.72
-0.52
-0.41
-0.62

Cost-effectiveness

Table 4 illustrates the results of the base-case analysis. Over
a 20-year time horizon, alemtuzumab dominated all other al-
ternative treatments, i.e. it was both more effective in terms of
QALYs gained and less costly.

In order to show the cost-effectiveness of the other treat-
ment strategies relative to each other, we excluded alemtuzum-
ab (the dominate strategy), and conducted a separate analysis
of the remaining interventions.

Discarding alemtuzumab, natalizumab was the most ef-
fective treatment regarding QALY (7.63), followed by peg-
interferon beta-la (7.56). Interferon beta-la 22 pg was the
least effective strategy (7.21). However, as presented in Table
4, the gain in QALY of included interventions compared to
each other (except alemtuzumab) was not substantial.

Fingolimod was the most expensive treatment (EUR
787,446), followed by natalizumab (EUR 780,168). Interfer-
on beta-1b (Extavia) was the least expensive treatment (EUR
673,889), and was, therefore, used as a reference (Table 4).

When all treatment strategies except alemtuzumab are
included in the analysis, three treatment strategies were not
dominated (interferon beta-1b (Extavia), peg-interferon beta-
la and natalizumab) by the other interventions (Supplemen-
tary material 20, www.jocmr.org). It means that for different
willingness-to-pay (WTP) thresholds, these three strategies
could be considered the most cost-effective. Interferon beta-
1b (Extavia) could be considered as a cost-effective treat-
ment if WTP for QALY is less than EUR 185,240. For a WTP
between EUR 185,240 and EUR 1,186,195, peg-interferon
beta-1a is the cost-effective treatment. If the WTP is above
EUR 1,186,195, natalizumab is the cost-effective treatment.

Incremental cost (EUR)

126,622
132,945
151,438
157,789
160,794
178,786
182,734
187,279
202,154
232,909
239,396

Total costs (EUR) Effects (QALYS)
8.05
7.40
7.40
7.31
7.56
7.38
7.21
7.27
7.32
7.52
7.63
7.43

547,068
673,690
680,013
698,506
704,857
707,862
725,854
729,802
734,347
749,222
779,977
786,464

Alemtuzumab (Lemtrada)
Interferon beta-1b (Extavia)
Interferon beta-1b (Betaferon)
Glatiramer acetate 20 mg (Copaxone)®
Peg-interferon beta-1a (Plegridy)
Teriflunomide (Aubagio)
Interferon beta-1a 22 pg (Rebif)
Interferon beta-1a 30 ug (Avonex)
Interferon beta-1a 44 pg (Rebif)
Dimethyl fumarate (Tecifidera)
Natalizumab (Tysabri)
Fingolimod (Gilenya)

Drugs
several decimals. PBased on the effect estimates and the annual drug costs, it is highly probable that glatiramer acetate 40 mg three times/week will be as cost-effective as glatiramer

acetate 20 mg /day (given all the other parameters are the same).

QALY: quality-adjusted life year; ICER: incremental cost-effectiveness ratio. @The results are rounded in accordance to the calculations in the probabilistic model, which operates with

Table 4. Results of the Base-Case Cost-Effectiveness Analysis, Time-Horizon of 20 Years (All Interventions Included; Discounted)?
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Figure 4. Cost-effectiveness acceptability curve (all interventions except alemtuzumab). WTP: willingness-to-pay.

All other treatments were dominated by at least one of these
undominated treatments. Therefore, they were not considered
to be cost-effective (Supplementary material 20, www.jocmr.

org).
Sensitivity/scenario analyses

We performed a probabilistic sensitivity analysis to show the
probability of the alternatives being cost-effective subject to
different levels of WTP. When all treatment alternatives were
included in the analysis, alemtuzumab was more likely to be
the most cost-effective strategy (above 90%) for all values of
WTP.

Discarding alemtuzumab, assuming a maximum WTP
per QALY of EUR 55,850, interferon beta-la (Extavia) was
the most cost-effective treatment strategy (47%), followed by
peg-interferon beta-1a (27%) and teriflunomide (13%). With a
WPT per QALY of EUR 111,690, interferon beta-1b (Extavia)
was the most cost-effective (36%) followed by peg-interferon
beta-1a (34%) and teriflunomide (14%) (Fig. 4). However, to-
tal QALY's gained of included interventions overlapped (ex-
cept for alemtuzumab), which indicates the uncertainty regard-
ing the gain in QALY (Fig. 5).

The expected value of perfect information analysis indi-
cated that at a WTP of EUR 44,700 per QALY, probabilities
data (epidemiological data) were the most influential source
of uncertainty. For values of WTP above EUR 130,000 per
QALY, the treatment efficacy data had the greatest impact on
decision uncertainty (Supplementary material 21, www.jocmr.
org). Additional information on these data would contribute
most to reducing the uncertainty surrounding which treatment
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modality is most cost-effective.

Scenario analysis

In the base-case analysis, we assumed that once patients pro-
gress to EDSS = 6 or SPMS, they would discontinue MS drug
treatment. A scenario analysis was conducted varying the
EDSS levels where drug treatment would be discontinued.
The results of scenario analysis showed that ICERs were re-
duced when considering a stopping rule at EDSS = 7. We also
assumed a stopping rule without considering SPMS progres-
sion. As we did not consider any treatment benefit for SPMS
patients in our model, a scenario analysis without treatment
discontinuation with progression to SPMS resulted in much
higher ICERs.

We performed a scenario analysis where the time horizon
varied within the range of 10 years. A time horizon of 30 years
resulted in lower ICERs, and the scenario analysis indicated
that a time horizon of 10 years would increase the ICERs.

We also conducted a scenario analysis where the starting
age was changed within the range of 10 years. Scenario analy-
sis showed that variation in the starting age had a very small
impact on the results. However, treating younger patients
would slightly decrease the ICERs.

The annual rate of treatment discontinuation was assumed
to be 15% in the base-case analysis. Based on our NMA, the
rate varied between 0% and 33%. We conducted two scenario-
analyses where the annual rate of treatment discontinuation
was considered to be 0% and 30%, respectively. The scenario
analyses showed that discontinuation rate did not have a sig-
nificant impact on the results.
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~ Teriflunomide 14mg

Figure 5. Scatter plot for 10,000 Monte-Carlo simulations (all interventions included). Simulations for alemtuzumab show that
alemtuzumab was more effective and less costly relative to other treatments.

It has been reported that more patients (about 22-28%)
than assumed may need three cycles of alemtuzumab during
the 5-year period (and some patients may need four (about
8-10% of patients) or five cycles (1.5%) of alemtuzumab). A
scenario analysis was performed by varying the probability of
patients who needed more than two cycles of alemtuzumab.
The results showed that alemtuzumab still was the dominant
strategy.

Discussion

We have assessed the comparative effectiveness and cost-ef-
fectiveness of 11 disease-modifying medicines used for MS
in the Norwegian setting. The results are based on 37 RCTs.

The strongest effect against annual relapse was seen for
alemtuzumab 12 mg. For disability progression, alemtuzumab
was the most effective treatment; however, the quality of evi-
dence was assessed to be low or very low. For evidence with
high quality, dimethyl fumarate and fingolimod were the most
effective treatments.

For withdrawal due to adverse events, the lower quality of
the available evidence provides unclear conclusion. Results in-
dicated that some treatments were associated with more with-
drawal due to adverse events than placebo, such as fingolimod
1.25 mg and interferon beta-1a 44 pg. However, no treatments
were found to increase significantly SAEs compared to pla-
cebo.

Our health economic analysis indicated that alemtuzumab
was more effective and less costly than the other treatment al-
ternatives dominating all other disease-modifying therapies.
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A scenario analysis that excluded alemtuzumab (the domi-
nant strategy) showed that natalizumab was the most effective
(in terms of QALYs), and interferon beta-la 22 mg was the
least effective treatment. Fingolimod was the most expensive
strategy and interferon beta-1b was the least expensive alter-
native. Discarding alemtuzumab, the results showed that only
three treatment alternatives (interferon beta-1b (Extavia), peg-
interferon beta-1a and natalizumab) could be cost-effective de-
pending on the WTP threshold. Assuming a WTP below EUR
111,690 per QALY, interferon beta-1b (Extavia) was approxi-
mately 36% likely to be the most cost-effective treatment, fol-
lowed by peg-interferon beta-1a (approximately 34% likely).

We performed several scenario analyses to test the uncer-
tainty around the model assumptions. The results showed that,
while there were numerical changes to the incremental cost-
effectiveness ratio, the cost-effectiveness results were robust
to variations in the model assumptions and the conclusions of
the analysis would not change. The results of the probabilistic
analysis showed that there is some degree of uncertainty re-
garding the input parameters. More research on efficacy and
epidemiologic input parameters would have the greatest im-
pact on reducing decision uncertainty.

Our results regarding clinical effectiveness are consistent
with the results of the Canadian HTA report on drug therapies
for RRMS [24], although we included more up to date evi-
dence, and also evidence on more MS treatments. Our results
are also in line with a recently published Cochrane SR [75].

While several cost-effectiveness studies have examined
disease-modifying therapies for RRMS patients, to date, only
the Canadian report [24] has compared almost all drugs in one
analysis, as we have done in this NMA. It is difficult to com-
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pare our results to the Canadian results, as we included more
treatment strategies, and used different input data (efficacy,
costs and quality of life data).

Strengths and weaknesses

The SR included evidence on both established and emerging
treatments. The available evidence for each drug treatment dif-
fers according to how long these have been on the market, with
newer treatments having a smaller amount of documentation.
Follow-up time of newer medicines is usually shorter, and
some SAEs might only occur after a longer use of the medi-
cine.

As MS diagnosis has changed through the years, studies
conducted at a different time might differ in terms of the MS
population included. Therefore, when comparing older with
newer MS treatments, differences in results could partly be due
to differences in patient population.

Treatment history among patients varied across the trials,
being either unclear, treatment-naive, treatment experienced
or a mixture. However, different statistical analyses provided
similar results, and results were consistent when considering
direct evidence, indirect evidence or the evidence from the
whole network.

The available evidence does not allow us to investigate
separately first- and second-line treatments or the sequence
of using the drugs. Most published studies did not examine
first and second medications separately. We, therefore, present
results for all MS treatments together (independent of them
being used as first- or second-line treatments). However, pa-
tients who use a first and a second treatment might differ, and
discrepancies in treatments efficacy might be due to disparity
in patients.

The clinical endpoints covered in the SR (clinical relapse
and disability progression) are important clinical outcomes in
MS which matters to patients. Magnetic resonance imaging
(MRI) is a surrogate endpoint and, therefore, was not exam-
ined.

We also performed the economic evaluation of disease-
modifying therapies based on a thorough SR of the literature,
and estimates of treatment effectiveness on several clinical im-
portant endpoints obtained through an NMA. We used a prob-
abilistic Markov-model, considered the appropriate approach
for simulating the natural history of MS. We have tried to find
the most robust and best evidence available but limitations as-
sociated with the data, and the simplifications of our health
economic model should be considered when interpreting the
results.

Study designs of published trials did not permit separate
analyses of first- and second-line treatments, or conclusions re-
garding the sequential use of first- and second-line treatments.
Therefore, we did not perform separate cost-effectiveness
analyses for first- or second-line treatments. In addition, based
on clinical expert opinion, we did not include combination
therapy in our model analysis.

The transitional probabilities were based on estimates
reported in the published literature, as we were not able to
identify Norwegian data sources that were compatible to the
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developed model.

There is lack of documentation regarding the long-term
effect of the newer drugs (e.g. alemtuzumab and dimethyl fu-
marate). Further research could change current estimates and
consequently the health economic results.

In the model, we assumed that 20% of patients might need
three cycles of alemtuzumab during a 5-year period [29]. We
performed a scenario analysis by varying the proportion of pa-
tients who need more than two cycles of alemtuzumab during
a 5-year period. The results showed that alemtuzumab still was
the dominant strategy.

The results of our SR showed no significant differences
between the therapies for SAEs. However, the risk of develop-
ing PML associated with natalizumab, even if it is rare, was
considered important, and, therefore, included in the model.
Based on the results of our SR, we assumed that the costs and
disutility related to other adverse events would not have a sig-
nificant impact on the results. It should also be mentioned that
recently PML has also been reported in some patients treated
with other disease-modifying therapies, such as dimethyl fu-
marate and fingolimod in post-marketing settings. Therefore,
both FDA (Food and Drug Administration) and EMA (Euro-
pean Medicines Agency) have updated their recommendation
to minimize the risk of the rare brain infection PML with di-
methyl fumarate and fingolimod (ref). But, due to insufficient
data, we included PML only for natalizumab in the model.

Glatiramer acetate 20 mg was included in the base-case
analysis. Based on the results from our SR regarding relative
rates of annual relapse and RR of disability progression, and
also the estimated annual drug costs, it is highly probable that
glatiramer acetate 40 mg three times per week will be as cost-
effective as glatiramer acetate 20 mg per day (given that all the
other parameters are the same).

Conclusion

The strongest effect against annual relapse was seen for alem-
tuzumab 12 mg. For disability progression, evidence of high
quality indicated that dimethyl fumarate and fingolimod had
the highest probability of being effective than other treatment
alternatives. For withdrawal due to adverse events, the lower
quality of the available evidence provides unclear conclusions.
Results indicate however, that some treatments are associated
with more withdrawal due to adverse events than others, such
as fingolimod 1.25 and interferon beta-1a 44 pg.

Our health economic analysis indicated that alemtuzumab
dominated all other disease-modifying therapies, as it was
more effective and less costly than the other treatment alterna-
tives.

A scenario analysis that excluded alemtuzumab (the domi-
nant strategy) showed that three treatment alternatives (inter-
feron beta-1b (Extavia), peg-interferon beta-1a and natalizum-
ab) could be cost-effective depending on the WTP threshold.
Assuming a WTP below EUR 111,690 per QALY, interferon
beta-1b (Extavia) was approximately 36% likely to be the most
cost-effective treatment, followed by peg-interferon beta-1a
(approximately 34% likely).

The results of our analysis indicated that there is a sub-
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stantial potential for cost-saving if more patients are started on
the more effective and less costly treatment alternatives.
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