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ABBREVIATIONS  

CADTH  Canadian Agency for Drugs and Technologies in Health 

CDEC   Canadian Drug Expert Committee 

EDSS   Expanded Disability Scale Score 

ICUR   incremental cost-utility ratio 

MRI   magnetic resonance imaging 

MS   multiple sclerosis 

NMA   network meta-analysis 

PML   progressive multifocal leukoencephalopathy 

QALY   quality-adjusted life-year 

RCT   randomized controlled trial 

RRMS   relapsing-remitting multiple sclerosis 
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BACKGROUND 

Multiple sclerosis (MS) is a chronic inflammatory disorder of the central nervous system (CNS) 
that is approximately three times more common in women than in men.1,2 Canada has the fifth 
highest worldwide prevalence, at 240 per 100,000 persons.3 
 
MS is classified into four subtypes; approximately 85% to 90% of persons with MS have the 
relapsing-remitting type of MS (RRMS).4 In RRMS, the frequency of relapse is highly variable 
but tends to be more frequent in the first few years of disease onset.4 The therapeutic aims of 
MS drugs are to lower the frequency of relapses, decrease the lasting effects of relapses, 
prevent or decrease disability that is the result of disease progression, and promote tissue 
repair.5,6 
 
In Canada, the earliest available disease-modifying treatments for MS include interferons 
(interferon beta-1a and interferon beta-1b) and glatiramer acetate, injectable agents that were 
approved by Health Canada in the 1990s. Natalizumab, administered via intravenous infusion, 
was approved by Health Canada in 2006 for the treatment of RRMS; however, there are safety 
concerns regarding natalizumab because of its association with progressive multifocal 
leukoencephalopathy (PML), a rare demyelinating neurological disorder caused by the 
reactivation of the John Cunningham (JC) virus.7,8 More recently, fingolimod, the first oral agent 
for the treatment of RRMS, was approved by Health Canada in 2011. Patient-group input, 
solicited for the Canadian Agency for Drugs and Technologies in Health (CADTH) Therapeutic 
Review, suggests persons living with MS prefer oral agents over injectable agents. However, 
the price of fingolimod is considerably higher than that of either the interferons or glatiramer 
acetate, and fingolimod has not been considered cost-effective in all patients studied.9 In 
addition, Health Canada monographs for both natalizumab and fingolimod indicate that these 
agents are generally recommended for patients with inadequate response or intolerance to 
other therapies for MS. 
 
Dimethyl fumarate, a new oral agent, was approved by Health Canada for the treatment of 
RRMS during the undertaking of this CADTH Therapeutic Review in 2013. In addition, a number 
of new disease-modifying therapies (both oral and injectable) for the treatment of MS are in 
development. These include alemtuzumab (injectable) and teriflunomide (oral), which are 
expected to enter the Canadian market soon. 
 
The effectiveness and safety of available MS treatments, relative to one another, is not well- 
established. The emergence of novel oral and injectable agents necessitates consideration of 
their place in therapy, including the potential for combination therapy. Thus, the comparative 
clinical and cost-effectiveness of currently available and emerging disease-modifying agents for 
RRMS, both alone and in combination, need to be determined. 
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Evidence-informed recommendations were developed by the Canadian Drug Expert Committee 
(CDEC) to address the following policy questions: 
 
1. For patients with RRMS, what are the preferred initial pharmacological treatment strategies? 

2. For patients with RRMS, what are the pharmacological strategies for patients not adequately 

controlled on initial pharmacotherapy? 

3. Should combination strategies be considered for treatment of patients with RRMS? If so, 
what are the appropriate treatment options? 

 
At the time of this report, alemtuzumab and teriflunomide were not approved by Health Canada for 
the treatment of RRMS. Therefore, while the science reports included alemtuzumab and 
teriflunomide in addition to interferon beta-1a, interferon beta-1b, glatiramer acetate, natalizumab, 
fingolimod, and dimethyl fumarate, the recommendations presented in this report apply at present 
only to the aforementioned treatments that are approved for RRMS in Canada. 
 
The evidence for developing recommendations was derived from the following reports: 

 Canadian Agency for Drugs and Technologies in Health. CADTH therapeutic review. 
Comparative clinical and cost-effectiveness of drug therapies for relapsing-remitting multiple 
sclerosis [Internet]. Ottawa: The Agency; 2013 Oct. (CADTH Therapeutic Review vol.1, no. 
2b).  [cited 2013 Oct 31]. Available from: http://www.cadth.ca/en/products/therapeutic-
reviews/relapsing-remit-multiple-sclerosis/reports  

 Patient Group Input to CADTH submitted by the Multiple Sclerosis Society of Canada. [cited: 
2013 Oct 31]. Available from: 
http://www.cadth.ca/media/pdf/TR0004_PatientInputSubmission_e.pdf  

 
The Committee considered the evidence and its limitations primarily from a population-based 
perspective. The anticipated absolute benefits, harms, and cost-effectiveness of the therapies 
compared with each other, along with patient group input, were considered to be fundamental in 
the development of system-level recommendations. The Committee also recognized that 
recommendations for treatment optimization related to the use of disease-modifying treatments 
have been developed by the Canadian Multiple Sclerosis Working Group and are based on 
clinical judgment and consideration of individual patient characteristics.10

  

http://www.cadth.ca/en/products/therapeutic-reviews/relapsing-remit-multiple-sclerosis/reports
http://www.cadth.ca/en/products/therapeutic-reviews/relapsing-remit-multiple-sclerosis/reports
http://www.cadth.ca/media/pdf/TR0004_PatientInputSubmission_e.pdf
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SUMMARY OF RECOMMENDATIONS 

 
 
CDEC Values and Preferences 
CDEC sought to balance patient perspectives with clinical and economic evidence. The 
Committee identified the values of efficacy, safety, cost-effectiveness and patient preference as 
particularly important in making these recommendations. In considering patient perspectives, 
the Committee noted patients’ preference for access to a wide variety of treatments for RRMS 
and for oral treatments specifically. Considering all perspectives, CDEC identified two treatment 
options for initial therapy, based on a systematic review of clinical trials and a cost-effectiveness 
analysis. For patients who fail to respond to, or have contraindications to, these treatments, the 
Committee recommends access to other less cost-effective treatments, including oral therapies. 

 

 
 

 

 

 

 

 

 

 

 

 

1. The Canadian Drug Expert Committee (CDEC) recommends glatiramer acetate 
or interferon beta-1b as the initial pharmacotherapies of choice for patients with 
RRMS. 
 

2. CDEC recommends that patients with RRMS who have failed to respond to, or 
have contraindications to, glatiramer acetate as the initial treatment be treated 
with interferon beta-1b. Similarly, CDEC recommends that patients with RRMS 
who have failed to respond to, or have contraindications to, interferon-beta-1b 
as the initial treatment be treated with glatiramer acetate. 

 
3. CDEC recommends that subsequent pharmacotherapies for patients with 

RRMS who have failed to respond to, or have contraindications to, glatiramer 
acetate and interferon beta-1b be selected from dimethyl fumarate, fingolimod, 
and natalizumab. The selection should be based on cost and individual safety 
concerns. 

 
4. CDEC recommends that combination therapy for treatment of RRMS not be 

used. 

At the time of this report, alemtuzumab and teriflunomide were not approved by 
Health Canada for the treatment of RRMS. Therefore, the aforementioned 
recommendations should be restricted at present to treatments approved for 
RRMS in Canada, including interferon beta-1a, interferon beta-1b, glatiramer 
acetate, natalizumab, fingolimod, and dimethyl fumarate.  
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RECOMMENDATIONS 

 

 

 

 

 

 

 
Of Note: 

1. The cost-effectiveness results are unfavourable for all available pharmacotherapies included 
in the pharmacoeconomic model except interferon beta-1b and glatiramer acetate. 

2.  Subcutaneous interferon beta-1b is available as more than one brand name product. CDEC 
noted that the choice of interferon beta-1b product funded by drug plans should be based on 
price. 

3.  Compared with placebo, subcutaneous interferons beta-1a 44 mcg and beta-1b 250 mcg 
produced similar reductions in the annualized relapse rate, based on both direct and indirect 
evidence; however, interferon beta-1a 44 mcg was more costly. 

4.  Intramuscular interferon beta-1a 30 mcg was considered to be less efficacious, as assessed 
by the annualized relapse rate, compared with subcutaneous interferons beta-1b 250 mcg 
and beta-1a 44 mcg, based on both direct and indirect evidence. The cost of interferon beta-
1a 30 mcg is more than interferon beta-1b 250 mcg, but less than the cost of interferon 
beta-1a 44 mcg. 

5.  At the manufacturer-provided price for the Therapeutic Review, dimethyl fumarate is not a 
cost-effective option for initial treatment of RRMS. 

 
Reasons for Recommendation 1 

 The clinical evidence suggests that glatiramer acetate and interferon beta-1b have 
statistically significant and clinically meaningful effects on the annualized relapse rate 
relative to placebo (relative rates of 0.67), and are the most cost-effective initial 
pharmacotherapies for treatment of RRMS.   

 Results of the probabilistic sensitivity analysis indicate that there is considerable 
uncertainty regarding whether glatiramer acetate is the most cost-effective treatment; 
interferon beta-1b may also be the most cost-effective treatment.  

Recommendation 1: 

CDEC recommends glatiramer acetate or interferon beta-1b as the initial 
pharmacotherapies of choice for patients with RRMS. 
 

 



 

 

 

 

Canadian Agency for Drugs and Technologies in Health 5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Of Note: 

1. Most of the included trials did not distinguish between initial therapy and subsequent therapy 
and enrolled both treatment-experienced and treatment-naïve patients. Therefore, these 
recommendations are premised on the assumption that the relative efficacy will not change by 
the sequence in therapy. 

2. With regard to the aforementioned recommendations, patients with RRMS previously or 
currently treated with interferon beta-1a who fail to respond do not require a trial of interferon 
beta-1b to be eligible for treatment with one of dimethyl fumarate, fingolimod, or natalizumab. 

3. Evolving safety considerations may influence the choice of subsequent pharmacotherapies in 
patients with RRMS who have failed to respond to, or have contraindications to, both 
glatiramer acetate and interferon beta-1b. 

4. CDEC considered the importance of having a wide selection of effective treatments available 
to patients and practitioners. The recommendations strike a balance between providing choice 
of both initial and subsequent treatments, while considering the relative cost-effectiveness of 
treatments. 

 
Reason for Recommendation 2 

Interferon beta-1b and glatiramer acetate had similar efficacy, as assessed by the annualized 
relapse rate, based on both direct and indirect evidence, but belong to different therapeutic 
classes.  
 
Reason for Recommendation 3 

Dimethyl fumarate, fingolimod, and natalizumab were not cost-effective as initial treatment, and 
there were insufficient data to determine their relative efficacy and cost-effectiveness as 

sequential treatments. 
 
 
 

Recommendation 2: 

CDEC recommends that patients with RRMS who have failed to respond to, or have 
contraindications to, glatiramer acetate as the initial treatment be treated with 
interferon   beta-1b. Similarly, CDEC recommends that patients with RRMS who 
have failed to respond to, or have contraindications to, interferon-beta-1b as the 
initial treatment be treated with glatiramer acetate. 
 
Recommendation 3: 

CDEC recommends that subsequent pharmacotherapies for patients with RRMS 
who have failed to respond to, or have contraindications to, glatiramer acetate and 
interferon beta-1b be selected from dimethyl fumarate, fingolimod, and natalizumab. 
The selection should be based on cost and individual safety concerns. 
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Of Note: 

While combination therapies resulted in some radiological improvements, the clinical 
significance of these improvements is uncertain. 

 
Reason for Recommendation 4 

The systematic review demonstrated no clinical advantage of combination therapy over 
monotherapy for RRMS. 

  

Recommendation 4: 

CDEC recommends that combination therapy for treatment of RRMS not be used.  
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PATIENT-GROUP INPUT 

Committee discussions were informed by a submission to CADTH by the Multiple Sclerosis 
Society of Canada. The following points summarize the concerns of patients and caregivers, as 
documented in the patient-group submission: 
 

 The vast majority of people living with MS report that the disease has had a negative impact 
on almost all aspects of their lives. MS affects not only the person with the disease but also 
his or her family members. Partners and parents often become caregivers. 

 People living with MS most frequently stated that progression of disability and frequency of 
relapse were the most important symptoms to control. However, patients living with MS also 
noted that a number of symptoms common to MS had major impacts on their lives: fatigue, 
difficulty walking, memory or attention problems, bladder problems, numbness or tingling, 
and pain. 

 Side effects from current treatments ― including injection-site reactions, fatigue, sore 
muscles and joints, headache, loss of fatty tissue at injection sites, thyroid problems, liver 
toxicity, poor sleep, nausea, low white blood cell count, and skin bruising ― were frequent 
complaints. Among patients who altered their therapy because of side effects, the most 
frequently cited reasons were fatigue and injection-site reactions. 

 Patients and caregivers noted that the cost of treatments for RRMS represent a considerable 
financial burden. 

 People living with MS firmly believe that an oral disease-modifying therapy will significantly 
improve their quality of life, as it will eliminate the need for frequent injections. In particular, 
people living with MS noted that disease-related coordination problems and the loss of fatty 
tissue at injection sites led to difficulties in self-administering injections. For people living with 
MS, oral therapies represent the potential to be more independent and to gain control of their 
treatment regimen. 

 Maintaining quality of life is a significant concern for people living with MS. The availability of 
drug and drug-delivery options that fit an individual’s disease and life situation would allow 
patients to choose their best options to conserve and sustain their quality of life. 
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SUMMARY OF THE EVIDENCE 

Clinical Evidence 

The Committee considered the results of a systematic review of randomized controlled trials 
(RCTs) conducted to assess the comparative clinical efficacy and safety of drug therapies for 
RRMS.11 The review included 30 unique trials, of which 2712-38 provided comparisons of 
monotherapies (sole comparator was placebo in 14 trials) and four38-41 compared 
monotherapies with combination therapy. Trials were selected for inclusion in the systematic 
review and subsequent analyses if they were active- or placebo-controlled trials, published in 
English, involved patients with RRMS, had treatment arms consisting of currently available or 
emerging disease-modifying agents expected to shortly enter the Canadian market, and 
reported any of the protocol-specified outcomes related to clinical efficacy and safety. Trials that 
included mixed populations of MS patients were also included if the proportion of RRMS 
patients was more than 50% of the total population. For interventions currently approved by 
Health Canada for treatment of RRMS, only approved formulations and doses were included in 
the systematic review. Emerging agents not yet approved by Health Canada were not restricted 
to specific doses or formulations. Included interventions were interferon beta-1a subcutaneous 
(22 mcg and 44 mcg), interferon beta-1a intramuscular (30 mcg and 60 mcg), interferon beta-1b 
subcutaneous (250 mcg), glatiramer acetate, natalizumab, fingolimod, and dimethyl fumarate. In 
addition, two emerging agents were included: alemtuzumab (12 mg and 24 mg), and 
teriflunomide (7 mg and 14 mg). 
 
Of the included RCTs, 11 were rater-blind,13-18,21,23,24,33,37 three were open label,28,33,37 and the 
remainder were double-blind. Of the 24 trials that specified a primary end point, 13 had a 
primary end point of relapse,14,21,22,24-26,28,29,32,33,35,36,38 two had disability as a primary end 
point,19,30 five had an magnetic resonance imaging (MRI) outcome as a primary end 
point,20,27,31,34,37 and four had co-primary end points of relapse and disability.12,16-18 The most 
common duration of follow-up was two years. The shortest follow-up was 16 weeks, and the 
longest duration of follow-up was up to 3.5 years. 
 
All trials of monotherapy included patients with RRMS; however, four trials also included small 
proportions of patients with other MS classifications.13,19,31,35 The range of mean Kurtzke 
Expanded Disability Status Scale (EDSS) scores at baseline was 2.0 to 2.9 in 24 trials,12-18,20-

26,28-36,38 and 3.3 and 3.6 in two trials.19,37 One trial did not report baseline EDSS.27 The majority 
of patients were female (64% to 84%), were Caucasian (78% to 98%), and had a mean age 
range from 29 to 41 years. The mean number of relapses in the year before the study ranged 
from 1.0 to 1.8. The mean number of years since symptom onset varied widely between 1.1 
years and 9.2 years. Twelve trials involved treatment-naïve patients,13,14,16,17,26,28-33,38 six had 
mixed populations,21,22,25,35-37 one had a treatment-experienced population,18 and eight had an 
unclear treatment history.12,15,19,20,23,24,27,34 
 
Three of four combination trials were conducted in treatment-experienced patients, and each of 
the three trials provided evidence for a different combination versus monotherapy; natalizumab 
plus interferon beta-1a 30 mcg versus interferon beta-1a 30 mcg, natalizumab plus glatiramer 
acetate versus glatiramer acetate, and teriflunomide plus an interferon beta versus an interferon 
beta. One additional RCT in treatment-naïve patients compared interferon beta-1a 30 mcg plus 
glatiramer acetate to both agents alone. Two were phase 2 trials with treatment durations of             
24 weeks,39,40 and two were phase 3 trials with treatment durations of 2 to 3 years.38,41 The 
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mean age ranged from 38 to 41 years, mean EDSS at baseline ranged from 2.0 to 2.7, and 
mean number of relapses in the year before the study ranged from 0.8 to 1.7. 
 
The systematic review included five clinical outcomes (annualized relapse rate, proportion of 
patients relapse-free, proportion of patients with sustained disability progression, mean change 
in EDSS from baseline, and mean change in the MS Functional Composite from baseline), four 
radiological (MRI) outcomes (proportion of patients with gadolinium-enhancing lesions, mean 
number of gadolinium-enhancing lesions, proportion of patients with new or enlarging T2 
lesions, mean number of new or enlarging T2 lesions), in addition to quality of life and safety 
events (death, serious adverse events, total adverse events, and discontinuation due to adverse 
events). 
 
Direct pairwise analyses were conducted for all outcomes in the trials. Bayesian network meta-
analyses (NMA) were conducted for the outcomes of annualized relapse rate and sustained 
disability progression, based on the monotherapy trials. The number of monotherapy trials 
included in the evidence networks for annualized relapse rate and proportion with sustained 
disability progression was 27 and 19 trials, including 16,998 and 15,982 patients, respectively. 
For sensitivity analyses, meta-regression and subgroup analyses were conducted for a number 
of patient characteristics (baseline EDSS score, time since symptom onset, number of relapses 
in previous year, prior treatment history) and trial characteristics (publication date and treatment 
duration). In the NMA of annualized relapse rate, alemtuzumab and natalizumab had the 
greatest activity, reducing the annualized relapse rate by approximately 70% compared with 
placebo. Fingolimod and dimethyl fumarate had similar activity to each other, reducing the 
annualized relapse rate by approximately 50% compared with placebo. Subcutaneous 
interferons, glatiramer acetate, and teriflunomide had similar activity to each other, reducing the 
annualized relapse rate by approximately 30% compared with placebo. Intramuscular interferon 
beta-1a had the lowest activity of all active agents. Results were robust in sensitivity analyses 
and were consistent with direct evidence, when available. 
 
In the NMA of sustained disability progression, compared with placebo, all treatments exhibited 
a trend toward a reduced risk of sustained disability progression. Estimated effect sizes were 
greatest for alemtuzumab and natalizumab, followed by dimethyl fumarate and interferon beta-
1b, and lowest for interferon beta-1a, glatiramer acetate, and teriflunomide. However, credible 
intervals were wide, and there was considerable overlap of credible intervals among all agents, 
resulting in unclear distinction between treatments. 
 
The results of other clinical and MRI outcomes evaluated in direct pairwise meta-analyses were 
largely consistent with direct evidence for the annualized relapse rate and sustained disability 
progression. Health-related quality of life findings were reported for two treatments only, 
comparing interferon beta-1a 30 mcg versus placebo and natalizumab versus placebo. 
Interferon beta-1a 30 mcg improved physical scores, but not overall or psychosocial scores, in 
the Sickness Impact Profile. Natalizumab improved both physical and mental component 
summary scores in the Short Form-36, as well as the visual analogue scale of the subject global 
assessment. 
 
In safety assessments, there were no differences in the overall incidence of adverse events that 
would favour any particular agents. Each agent had specific adverse events such as influenza-
like symptoms and injection-site reactions for the interferons; hypersensitivity and injection-site 
reactions for glatiramer acetate; infusion reactions and risk of PML for natalizumab; infusion 
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reactions, thyroid disorders and infection for alemtuzumab; cardiovascular disorders 
(bradycardia, atrioventricular block) for fingolimod; hair loss for teriflunomide; and flushing for 
dimethyl fumarate. Liver enzyme elevation and gastrointestinal disorders occurred with many 
treatments but appeared to be transient. Serious adverse events and death were rare in all trials 
and did not differ statistically between treatments. 
 
For combination therapy, teriflunomide as add-on therapy for patients previously treated with 
interferon betas, or natalizumab as add-on therapy for patients previously treated with 
glatiramer acetate, did not exhibit any statistically significant differences in relapse or disability 
compared with interferon beta or glatiramer acetate alone, respectively. Natalizumab as add-on 
to interferon beta-1a 30 mcg resulted in statistically significant differences in relapse and 
disability that favoured the combination over interferon beta-1a 30 mcg alone. The combination 
therapy of interferon beta-1a 30 mcg plus glatiramer acetate in treatment-naïve patients was not 
statistically different from either agent alone for most outcomes, with the exception of a lower 
annualized relapse rate for patients treated with the combination compared with interferon beta-
1a 30 mcg alone. There were no apparent differences between combination therapy and 
monotherapy in safety events. 
 
Economic Evidence 

The Committee considered the results of an economic model developed to assess the 
comparative cost-effectiveness among individual disease-modifying agents in RRMS. The 
model was in the form of a cost-utility analysis, with treatments compared in terms of the 
incremental cost per quality-adjusted life-year (QALY) gained over a time horizon of 25 years. 
The target population was Canadians with RRMS, with a typical patient profile adopted from the 
RCTs identified in the systematic review: an average age of 36 years, gender distribution of 
68% female, time since symptom onset of five years, and an initial discrete distribution of EDSS 
score with a mean score of 2.3. The analysis was conducted from the perspective of a provincial 
Ministry of Health in Canada. 
 
The current treatments that are approved and available in Canada were included in the primary 
analysis: dimethyl fumarate 240 mg, fingolimod 0.5 mg, glatiramer acetate 20 mg/mL, interferon 
beta-1a 30 mcg, interferon beta-1a 22 mcg, interferon beta-1a 44 mcg, interferon beta-1b                 
250 mcg, and natalizumab 300 mg/15 mL. Emerging treatments in RRMS (alemtuzumab and 
teriflunomide) for which regulatory approval has not been granted were included in an 
exploratory analysis. 
 
The annual costs for all treatments considered in the primary analysis are presented in Table1.
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Table 1: Annual Drug Costs 

Drug  Base Estimate ($) Reference 

Dimethyl fumarate 240 mg (Tecfidera) 23,019 Manufacturer’s information 

Fingolimod (Gilenya) 31,170 Ontario MoH (2013) 

Glatiramer acetate (Copaxone) 16,286 Ontario MoH (2013) 

Interferon beta-1a 30 mcg (Avonex) 20,597 Ontario MoH (2013) 

Interferon beta-1a 22 mcg (Rebif) 20,210 Ontario MoH (2013) 

Interferon beta-1a 44 mcg (Rebif) 24,604 Ontario MoH (2013) 

Interferon beta-1b 250 mcg (Betaseron) 20,130 Ontario MoH (2013) 

Interferon beta-1b 250 mcg (Extavia) 18,183 Ontario MoH (2013) 

Natalizumab (Tysabri) 40,281 Ontario MoH (2013) 

 
A Markov cohort approach was taken for the analysis, based on a series of health states that 
reflect the progression of patients with RRMS. Health states were defined according to the 
EDSS (EDSS 0 to 2.5, 3 to 5.5, 6 to 7.5, 8 to 9.5, and 10), as well as severity of relapse (defined 
as mild/moderate or severe. During one cycle, patients could remain in the current health state; 
progress to the next, more severe state; improve to a less severe state; transition to a 
secondary progressive MS; withdraw from treatment; or die. Because of limited clinical 
evidence, sequential use of treatments was not considered; therefore, the analysis assessed 
the cost-effectiveness of the treatments used as initial therapy only. 
 
The progression to more severe states was based on natural history data for MS from London, 
Ontario, and British Columbia cohort studies.42,43 Treatment effects were based on NMA for the 
outcomes of annualized relapse rate and sustained disability progression. The cost of managing 
RRMS and utility values for the health states were derived from published literature. A variety of 
deterministic and probabilistic sensitivity analyses as well as a value-of-information analysis 
were carried out. 
 
In the base case, glatiramer acetate was the most cost-effective treatment, unless willingness to 
pay exceeds $118,242 per QALY, at which point interferon beta-1b 250 mcg was the most cost-
effective treatment (Table 2). The cost-effectiveness frontier (lines connecting the treatments 
that are not dominated ) is comprised of glatiramer acetate, interferon beta-1b 250 mcg, 
dimethyl fumarate, and natalizumab. The sequential incremental cost-utility ratios (ICURs) of 
dimethyl fumarate versus interferon beta-1b was $425,655 per QALY and natalizumab versus 
dimethyl fumarate was $872,972 per QALY – not considered cost-effective initial treatments. 
Fingolimod and interferon beta-1a 30 mcg, 22 mcg, and 44 mcg were dominated by the 
treatments comprising the cost-effectiveness frontier. 
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Table 2: Results of Base Case Deterministic Analysis 

Treatment 
Total Cost 

($) 
Total QALYs 

ICUR 
versus glatiramer 

acetate ($) 

Sequential ICUR 
($) 

Glatiramer acetate (Copaxone) 321,589 11.272 Reference drug Reference drug 

Interferon beta-1b (Extavia) 333,923 11.376 118,242 118,242 

Dimethyl fumarate (Tecfidera) 361,688 11.442 236,518 425,655 

Natalizumab (Tysabri) 482,436 11.580 522,472 872,972 

QALY = quality-adjusted life-year; ICUR = incremental cost-utility ratio. 
Note: Other treatments were ruled out by dominance or extended dominance. 

 
Although the results of the probabilistic sensitivity analysis were consistent with the deterministic 
base case results, they indicated uncertainty regarding which treatments are cost-effective 
depending on the willingness-to-pay threshold. When the decision-maker is willing to pay a 
maximum of $50,000 per QALY (λ = $50,000), glatiramer acetate was the cost-effective 
treatment in 70% of replications, followed by interferon beta-1b (Extavia) in 26% and beta-1b 
(Betaseron) in 3% of replications. When the decision-maker is willing to pay a maximum of 
$100,000 per QALY (λ = $100,000), glatiramer acetate was the cost-effective treatment in 42% 
of replications, followed by interferon beta-1b (Extavia) in 38% and beta-1b (Betaseron) in 11%. 

Based on the deterministic sensitivity analyses conducted, the results were most sensitive to 
data inputs for treatment effects of disability progression and drug costs. Other inputs, such as 
RRMS-related treatment costs, the natural history of disease progression, the model time 
horizon, and the stopping rule were shown to impact ICURs, as well. Influence of patient 
baseline characteristics were also assessed in sensitivity analyses: ICURs decreased for 
younger patients and for patients with higher baseline EDSS score. With the exception of 
treatment effects of disability progression and drug costs, none of these analyses changed the 
conclusion from the base case scenario. 

The clinical evidence was sufficient to support the inclusion of combination therapy in the 
economic model; therefore, the cost-effectiveness of combination therapy in RRMS remains 
unknown. 

Limitations of the Evidence 

There were a limited number of RCTs directly comparing treatments for RRMS, necessitating 
indirect treatment comparisons using NMA. Indirect treatment comparisons, based on the NMA 
of studies conducted over a 20-year time period, were complicated by the heterogeneity of 
study and patient characteristics; control of these characteristics was limited by the small 
number of studies in relation to the number of treatment strategies. 

A key limitation of the review was the inability to estimate relative treatment effects based on 
prior treatment history, as in the majority of monotherapy trials either the patients’ prior 
treatment history was unclear, or the trial included a mixture of treatment-naïve and treatment-
experienced patients. 

An additional limitation included the relatively short duration of RCTs, which does not allow for 
between-treatment comparisons of effects on long-term disability. In addition, there were limited 
quality of life data to support comparisons between treatments, including comparisons of oral 
and injectable therapies. 
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DISCUSSION POINTS 

Efficacy and Cost-Effectiveness 

 The Committee considered that the reviewed trials were of insufficient duration to identify 
potential between-treatment differences in long-term disability. The Committee discussed 
that disability manifests over long periods of time in RRMS and that there were few statistical 
between-treatment differences for the outcome of sustained disability progression in the 
reviewed trials. 

 The Committee noted the absence of reporting of many outcomes important to patients 
(including fatigue, walking ability, cognition, and quality of life) in many of the included trials. 

 The Committee acknowledged that the economic analysis assessing the cost-effectiveness 
of treatments used as initial therapy only, because of limited clinical evidence of sequential 
use or switching among the treatments. Therefore, the cost-effectiveness of treatments for 
RRMS when used sequentially is not known. 

 The Committee notes that all treatment options result in greater QALYs than no treatment, 
and that glatiramer acetate, interferon beta formulations, and dimethyl fumarate dominated 
no treatment, based on the economic analysis. 

 The Committee discussed the availability of two interferon beta-1b 250 mcg formulations 
(Extavia and Betaseron) and the difference in price between them in some jurisdictions, 
which would lead to more favourable cost-effectiveness for the less expensive formulation, 
as a result of their equal efficacy and safety profiles. 

 The Committee acknowledged that the base case scenario in the economic model included a 
distribution around a starting EDSS score with mean 2.3, to reflect the average patient group 
based on the baseline characteristics of the clinical trials included in the systematic review. 
To measure the impact of the starting EDSS score, this parameter was varied in the 
economic model. The results showed that early treatment with the more expensive 
treatments leads to significantly higher ICURs; however, this analysis was limited by the 
assumption of equal efficacy across baseline EDSS scores, as subgroup analysis by 
baseline EDSS score for the systematic review was not available. 
 

Safety 

 The Committee discussed that more is known regarding the safety profile of interferons and 
glatiramer acetate than regarding newer treatments for MS, by virtue of their longer time in 
clinical usage. The Committee further acknowledged that clinical trials are insufficiently 
powered and are too short to identify adverse events that are rare or have a long latency. 
CDEC discussed the association of natalizumab with PML, which has been identified post-
marketing. 

 The Committee noted that treatments for RRMS have varying adverse event profiles and 
monitoring requirements, which may be expected to influence treatment selection for an 
individual. 

 The Committee acknowledged that the Health Canada-approved product monographs for 
natalizumab and fingolimod indicate that these treatments are generally recommended for 
patients with inadequate response or intolerance to other therapies for MS. CDEC further 
noted that the Health Canada-approved monograph for dimethyl fumarate does not include a 
similar recommendation. 
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Patient Considerations 

 CDEC recognized that interferon beta-1a (both subcutaneous and intramuscular 
formulations) are commonly used pharmacotherapies in patients with RRMS and that patient 
preference may have been a factor in the selection of the interferon formulation. 

 CDEC discussed patient-group input that revealed patients’ desire for new treatments that 
improve everyday function, with greater convenience and affordability, as well as reduced 
adverse effects. 

 CDEC recognized the strong stated preference of the patient group for oral therapies and the 
expectation that use of oral therapies will result in important improvements in quality of life. 
However, quality of life data that reflect patients’ values for improvement in everyday function 
are limited in the available trials. There is also limited knowledge of the long-term side effects 
of current oral therapies. At current prices, the cost-effectiveness ratios are relatively 
unattractive for oral agents and do not support the use of these agents as initial therapy. 

 

Other Discussion Points 

 The cost-effectiveness analyses were from a Ministry of Health perspective. Analyses from a 
societal perspective might have yielded more favourable ratios, given the young age and the 
disability associated with MS. 

 Agents that are currently in development for the treatment of RRMS (e.g., laquinimod, 
daclizumab, and ocrelizumab) but that were not included in the current Therapeutic Review 
may necessitate future Therapeutic Reviews of RRMS treatments. 

 CDEC noted that clinical experts indicated that combination therapies are rarely used in 
Canada. 
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RESEARCH GAPS 

The Committee proposed that the following issues be addressed through research as a high 
priority in future to facilitate comparisons of treatments for RRMS: 
 

Safety 

 Identification of long-term harms of recently introduced therapies for RRMS 
 Improved ability to identify patients at risk for PML. 

 

Efficacy 

 Large prospective head-to-head trials that address the outcome of long-term disability in 
RRMS 

 Evidence for sequencing of therapy, specifically clinical trials comparing treatment strategies 
in patients with RRMS in whom treatment has failed or who are unable to tolerate initial 
therapy 

 Clinical trials that specifically compare treatment strategies of “add-on” to “switch” therapies 

 Clinical trials that capture outcomes of particular interest to patients, including fatigue, 
walking ability, cognitive function, and quality of life 

 Evaluation of disease outcomes in patients stopping therapy after a prolonged course. 
 

Patient Factors 

 Well-designed and validated qualitative research methods, in conjunction with existing 

standard quality of life scales, would provide a much richer and clearer understanding of the 

impact of potential therapies on the lives of people living with MS, which quantitative data 

may miss. 
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About This Document: 

Cite as: Canadian Agency for Drugs and Technologies in Health. CADTH therapeutic review. 
Recommendations for drug therapies for relapsing-remitting multiple sclerosis [Internet]. Ottawa:  
The Agency; 2013 Oct. (CADTH Therapeutic Review vol.1, no. 2c).  [cited yyyy mm dd]. Available 
from: http://www.cadth.ca/media/pdf/TR0004_RRMS_RecsReport_TR_e.pdf 

The Therapeutic Review Recommendations or Advice are formulated following a comprehensive 
evidence-based review of the medication’s efficacy or effectiveness and safety and an assessment 
of its cost-effectiveness. Therapeutic Review clinical and economic reports are based on published 
information available up to the time that CDEC made its recommendation. Input from stakeholders, 
such as drug manufacturers, patient groups, and health-related professional associations or 
organizations, is considered in the preparation of this recommendation document. 

CDEC is a committee of the Canadian Agency for Drugs and Technologies in Health (CADTH). It 
makes recommendations and provides advice to Canadian jurisdictions to use in making informed 
decisions. It is made up of experts in drug evaluation and drug therapy, and public members. 

The Final CDEC Therapeutic Review Recommendations or Advice neither takes the place of a 
medical professional providing care to a particular patient nor is it intended to replace professional 
advice. 

CADTH is not legally responsible for any damages arising from the use or misuse of any information 
contained in or implied by the contents of this document. 

The statements, conclusions, and views expressed herein do not necessarily represent the view of 
Health Canada or any provincial, territorial, or federal government, or the manufacturer. 

Production of this report is made possible through a financial contribution from Health Canada and 
the governments of Alberta, British Columbia, Manitoba, New Brunswick, Newfoundland and 
Labrador, Northwest Territories, Nova Scotia, Nunavut, Ontario, Prince Edward Island, 
Saskatchewan, and Yukon. 

Copyright © 2013 CADTH. This report may be reproduced for non-commercial purposes provided it 
is not modified when reproduced, and that appropriate credit is given to CADTH. 

The Therapeutic Review Framework describes the Therapeutic Review process in detail.
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