
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

 Review 

 Eur Neurol 2008;60:1–11 
 DOI: 10.1159/000127972 

 Efficacy of Disease-Modifying Therapies 
in Relapsing Remitting Multiple Sclerosis: 
A Systematic Comparison 

 Mark S. Freedman    a     Bruce Hughes    b     Daniel D. Mikol    c     Randy Bennett    d     

Brian Cuffel    e     Vamil Divan    e     Nicole LaVallee    f     Ahmad AL-Sabbagh    d  

  a    Department of Medicine (Neurology), University of Ottawa,  Ottawa, Ont. , Canada;  b    Ruan Neurology Clinic and 
Research Center,  Des Moines, Iowa ,  c    Department of Neurology, University of Michigan,  Ann Arbor, Mich. ,
 d    EMD Serono, Inc.,  Rockland, Mass. ,  e    Pfizer Inc.,  New York, N.Y. , and  f    PROMETRIKA LLC,  Cambridge, Mass. , USA 

eral endpoints Avonex or Copaxone did not significantly dif-
fer from placebo. In the absence of head-to-head studies for 
all products used to treat RRMS, it still may be possible to 
compare treatment effects by applying evidence-based 
medicine principles.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 The treatment of relapsing-remitting multiple sclero-
sis (RRMS) has changed substantially with the advent of 
effective disease-modifying therapies (DMTs) that can 
alter the natural history of disease. DMTs have demon-
strated the ability to reduce the incidence of relapses and 
the MRI activity thought to be linked to the underlying 
perceived inflammatory phase of the disease. They also 
retard disease progression, as assessed clinically by 
changes in a neurological rating scale called the Expand-
ed Disability Status Scale (EDSS). There are currently 6 
Food and Drug Administration (FDA)-approved treat-
ments for RRMS in the United States. In 1993, the first 
DMT, interferon beta (IFN � )-1b (Betaseron � ), was ap-
proved for RRMS to reduce the rate and severity of re-
lapses. This was followed by approval of IFN � -1a (Avon-
ex � ) in 1996 and glatiramer acetate (Copaxone � ) in 1997. 
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 Abstract 

 The treatment of relapsing-remitting multiple sclerosis 
(RRMS) has become more effective over the last decade with 
the advent of the currently available disease-modifying 
therapies (DMTs). Pivotal clinical studies differ in many char-
acteristics, such that cross-comparisons of relative risk re-
ductions are of limited value and can be misleading. Our 
 objective was to compare the clinical efficacy of currently 
approved first-line DMTs in patients with RRMS, applying an 
evidence-based medicine approach. We reviewed all phase 
III pivotal trials of DMTs. Six clinical trials of Avonex � , Betase-
ron � , Copaxone � , Rebif �  and Tysabri �  in patients with RRMS 
were identified for analysis. Only randomized, placebo-con-
trolled, double-blind studies were included. The clinical ef-
ficacy endpoints compared were: proportion of relapse-free 
patients at 1 and 2 years; annualized relapse rate at 2 years; 
proportion of progression-free patients at 2 years, and pro-
portion of patients free of gadolinium-enhancing lesions at 
1 year or 9 months. Based on these analyses, Betaseron, Re-
bif, and Tysabri show comparable effects, whereas for sev-
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Another formulation of IFN � -1a (Rebif � ) was approved 
in 1998 in Europe and Canada and in 2002 in the United 
States; it is indicated for the treatment of RRMS to de-
crease the frequency of relapses and to delay the accu-
mulation of physical disability. Mitoxantrone (Novan-
trone � ), which has both immune-suppressive and im-
mune-modulating effects, was approved by the FDA in 
2000 for secondary progressive multiple sclerosis and 
worsening relapsing forms of multiple sclerosis (MS); 
however, it is not recommended as first-line therapy. A 
monoclonal antibody against  � -4 integrin, natalizumab 
(Tysabri � ), was initially approved by the FDA in Novem-
ber 2004, but was withdrawn from the market in Febru-
ary 2005 due to safety concerns; it was re-introduced in 
June 2006 as monotherapy for the treatment of patients 
with relapsing forms of MS, to delay the accumulation of 
disability and to reduce the frequency of relapses.

  Selecting a specific DMT for an individual patient in-
volves a benefit-risk analysis, along with consideration of 
patient compliance and preference. The various therapies 
have different safety and tolerability profiles and require 
different frequencies and routes of administration. Piv-
otal clinical studies differ in their duration, retention 
rate, sample sizes, study populations, and placebo-effect 
sizes. In some cases the studies used differing primary 
endpoints, therefore making cross-comparisons difficult 
and not all that meaningful. The differing behaviors of 
the placebo groups in particular across the studies and 
over time show that, although patient populations are 
chosen on the basis of similar inclusion/exclusion char-
acteristics and are expected to have the same risk of fur-
ther MS-related activity, they do not. Since treatment ef-
fects are always measured relative to the individual study’s 
placebo arm, it is misleading to simply compare these rel-
ative risk reductions (RRRs) across studies. The best way 
to avoid any bias is to perform direct head-to-head com-
parisons of therapies in the same population. Although 
others are forthcoming, only two such trials have so far 
been performed: the EVIDENCE (Evidence for Interfer-
on Dose-Response: European North American Compar-
ative Efficacy)  [1, 2]  and INCOMIN (Independent Com-
parison of Interferons)  [3]  trials.

  Evidence-based medicine (EBM) is a systematic ap-
proach to clinical problem solving. Investigators using the 
EBM approach describe treatment effects arising from 
clinical trials in terms of neutral measures that tend to re-
duce reported relative differences to more modest and re-
alistic effects that may be more comparable. Differences 
across clinical trials are reduced, though not eliminated, 
by looking at the overall therapeutic gain, or absolute risk 

reduction, of a treatment. Therapeutic gain is simply the 
absolute difference between the outcome of the placebo 
and treatment groups, and is equivalent to the absolute risk 
reduction (ARR). When the apparent risk of an event is 
low, RRRs tend to over-represent treatment effects, where-
as ARRs are a better reflection of drug benefit. Because in 
MS clinical outcomes (relapses or progressions) are usu-
ally low in number, ARR should be used for comparisons. 
In terms of magnetic resonance imaging (MRI) parame-
ters, the lesional change over time tends to be much high-
er and relative values become meaningful, though ARR is 
still more realistic to use for measures such as ‘proportion 
free of enhancing lesions’ that would often represent a very 
low number. We undertook a review of all the available 
data for the DMTs and compared the outcomes of the trials 
by looking at ARR, therapeutic gain, or number needed to 
treat (NNT), which is the measure favored in pharmaco-
economics. Such comparisons are possible in RRMS be-
cause of the consistent nature of the data captured for both 
clinical and MRI endpoints, despite differences in primary 
endpoints chosen across trials of DMTs.

  Materials and Methods 

 Study Inclusion 
 In order to be included in this review, the study had to meet 

the following inclusion criteria: double-blind, placebo-controlled, 
randomized, multicenter trial; results published in a peer-re-
viewed journal or data available in FDA Summary Basis for Ap-
proval; patient population of clinically-definite RRMS; patient 
age  6 18 years; standard clinical or MRI efficacy endpoints avail-
able for analysis, and sample size  1 30 patients. Ideally, the study 
should have been at least 2 years in duration, but shorter studies 
were considered if longer ones were not available.

  On initial review, significant methodological issues with some 
peer-reviewed, published results were identified. For instance, in 
one clinical trial, data for 43% of the original intent to treat (ITT) 
population were not in the published results but were available in 
the FDA’s  Summary Basis for Approval  for the therapy in question 
 [4] . In another, due to a failure of randomization, the baseline 
characteristics of the active and placebo groups were not matched 
 [5] . There were significant differences in how this failure was ad-
dressed statistically by the authors and by the FDA. Because of 
these types of issues, only trials that were reviewed independent-
ly by the FDA were considered for analysis. In those cases where 
the published data were not available or conflicted with the FDA’s 
analyses, the FDA’s analyses were used.

  Clinical Efficacy Endpoints 
 Three different categories of clinical efficacy endpoints were 

examined. The first category pertained to relapse-related end-
points (relapse was defined as acute worsening of status of at least 
24 h duration, where worsening of status was indicated by a change 
in the EDSS score of at least 1 point). The various possible relapse-
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related endpoints were: time to first relapse; proportion of patients 
who were relapse-free at 1 year; proportion of patients who were 
relapse-free at 2 years; number of relapses; annualized relapse rate, 
and percent reduction in the annualized relapse rate.

  The second category of clinical efficacy endpoints was pro-
gression/disability-related, with progression defined as a change 
in the EDSS score of at least 1 point that lasted at least 3 months. 
Possible progression-related endpoints included time to con-
firmed progression in disability, proportion of patients with no 
progression in confirmed disability at 1 year, proportion of pa-
tients with no progression in confirmed disability at 2 years, and 
percent reduction in confirmed disability at 2 years.

  The third category consisted of MRI endpoints. Possible end-
points included the number of new gadolinium (Gd)-enhancing 
lesions, percent reduction in new Gd-enhancing lesions, the num-
ber of new T2 lesions, percent reduction in new T2 lesions, percent 
increase or reduction in T2 burden of disease (i.e. total T2 lesion 
area or total T2 lesion volume), or the proportion of patients free 
of Gd-enhancing lesions at 1 year.

  Endpoints for which there were insufficient comparative data 
among the accepted studies were not included in the analyses. 
Specifically, for many of the continuous variables the standard 
error of measurement was not publicly available, making cross 
comparisons difficult using accepted statistical techniques.

  Statistical Analysis 
 The statistical analysis was performed by PROMETRIKA, an 

independent contract research organization. Statistical analyses 
were performed using Review Manager software (version 4.2) and 
SAS �  for Windows (version 8.2)  [6, 7] .

  Risk differences (RDs, another expression used for ARR) and 
corresponding 95% confidence intervals (CIs) were calculated by 
study for each binary outcome. Differences between the active 
and placebo groups allowed for the comparison of active treat-
ments across studies based on the concept of ARR and therapeu-
tic gain. Relative risks (RR) and their 95% CIs were also calcu-
lated for each binary outcome for the purpose of sensitivity anal-
yses and for consistency with previously published literature in 
this area of research  [8] . For continuous outcomes, rate differ-
ences of the active and placebo means were calculated, as were 
95% CIs for the rate differences within each study. Standard de-
viations were not always available for calculation of the CIs; how-
ever, when p values for treatment mean comparisons were pre-
sented, the standard error for the difference of the means was 
derived using percentiles of the t-distribution.

  Because the goal of the analysis was to make comparisons 
among the various MS treatments with respect to the efficacy 
endpoints, the calculation of an overall treatment effect across 
studies was not performed. In studies where more than one dos-
age was used, only data for the highest dosage used were analyzed, 
in order to demonstrate maximal clinical effect.

  Results 

 Studies and Endpoints Selected 
 Six studies involving the 5 FDA-approved first-line 

DMTs met the inclusion criteria and were selected for 

further analysis ( table 1 ). The EVIDENCE  [1, 2] , INCO-
MIN  [3]  and OWIMS (Once Weekly Interferon for MS) 
studies  [9]  were considered but not selected for analysis 
because they did not meet all of the inclusion criteria. 
Two studies were included for Copaxone and 1 study each 
for the 4 other DMTs. The data used from the PRISMS 
(Prevention of Relapses and Disability by Interferon  � -1a 
Subcutaneously in MS) study  [10]  was for the higher dose 
of Rebif (44  � g) because the lower dose (22  � g) was not 
FDA-approved at the time of the analysis and the proto-
col dictated that only the highest dose be analyzed for 
studies with multiple dosages. Similarly, only data for the 
higher dose of Betaseron (8 MIU s.c.) was used.

  Data from the included studies were available for the 
following efficacy endpoints: proportion of patients who 
were relapse-free at 1 and 2 years; annualized relapse rate 
at 2 years; proportion of patients who were progression-
free at 1 and 2 years, and proportion of patients who were 
free of Gd-enhancing lesions at 1 year or 9 months. Not 
all of these endpoints were available from all of the 6 in-
cluded studies.

  Relapse Endpoints 
  Proportion of Patients Who Were Relapse-Free at
1 Year or 9 Months
 RDs (proportion of active patients minus proportion 

of placebo patients) and their corresponding 95% CIs for 
the proportion of patients who were progression-free at 1 
year are presented in  figure 1 a. The RDs for both Avonex 
and Copaxone (based on 9-month data) were not signifi-
cantly different from zero, i.e. the proportion of patients 
who were relapse-free at 1 year was not significantly 
greater for Avonex or Copaxone than placebo. The RDs 
for Rebif and Tysabri were significantly greater than zero, 
i.e. the proportion of patients who were relapse-free at 1 
year was significantly greater than placebo for both 
agents. The ARR, therapeutic gain, and NNT (1/ARR) for 
the different agents are shown in  table 2 . The values for 
NNT range from 4.3 for Rebif and Tysabri to 16.7 for Co-
paxone.

  The relative risks (RRs, proportion of active patients 
divided by proportion of placebo patients) and their cor-
responding 95% CIs for the proportion of patients who 
were relapse-free at 1 year are presented in  figure 1 b. The 
RRs for both Avonex and Copaxone were not significant-
ly different from 1 (i.e. the proportion of patients who 
were relapse-free at 1 year was not significantly greater 
for Avonex or Copaxone than placebo). The RRs for Rebif 
and Tysabri were significantly greater than 1 (i.e. the pro-
portion of patients who were relapse-free at 1 year were 
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significantly greater than placebo for both Rebif and Tys-
abri). The RR results are consistent with those from the 
RD analyses and indicate that both Rebif and Tysabri are 
significantly better than placebo in preventing relapses 
during the first year of treatment.

   Proportion of Patients Who Were Relapse-Free
at 2 Years
 RDs and their corresponding 95% CIs for the propor-

tion of patients who were relapse-free after 2 years of 
treatment are presented in  figure 2 a. Relapse-free data at 
2 years were available for Betaseron, to compare to the 
relapse-free data at 1 year. Relapse-free data at 2 years 
were not available for all Avonex patients, because the 
study was ended prematurely. It should be noted that the 
9-month and 2-year Copaxone data were from 2 separate 
studies. Copaxone was not significantly different from 
placebo; the other DMTs were significantly better than 

placebo and had RDs of similar magnitude. The values 
for NNT for the different agents ranged from 3.8 for Tys-
abri to 14.3 for Copaxone ( table 2 ).

  RRs and 95% CIs for the proportion of patients who 
were relapse-free after 2 years of treatment are presented 
in  figure 2 b. Again, Copaxone was not significantly dif-
ferent from placebo; the other DMTs were significantly 
better than placebo. Overall, the 1-year and 2-year data 
provide evidence that Rebif, Betaseron and Tysabri are 
more effective than placebo in maintaining patients with 
RRMS free of attacks.

   Annualized Relapse Rates at 2 Years
 Differences between the mean annualized relapse 

rates of the active and placebo groups in each study and 
95% CIs for the differences in means are presented in  fig-
ure 3 . All the DMTs were significantly better than pla-
cebo. Overall, there did not appear to be a clear advantage 

Table 1. Characteristics of included studies

Study and 
drug
[reference]

Location
(centers)

Enrollment 
period

Study 
duration
months

Treatments
(number randomized)

Dosing 
schedule

Patient baseline characteristics

Interferons
MSCRG
Avonex
[4, 21]

USA (4) 1990–1993 24 30 �g interferon beta-1a (158)
placebo (143)

IM, weekly age 18–55; definite RRMS; EDSS 1–3.5;
disease duration ≥1 year; at least 2 relapses
in the 3 years prior; no exacerbations for at 
least 2 months prior

PRISMS
Rebif
[10, 22, 23]

Canada, 
Europe (22)

1994–1995 24 22 �g interferon beta-1a (189)
44 �g interferon beta-1a (184)
placebo (187)

SC, 3 times 
weekly

age not reported; clinical or laboratory-
supported definite RRMS; EDSS 0–5.0;
disease duration ≥1 year; at least 2 relapses
in the 2 years prior

IFN�
Betaseron
[24–26]

USA,
Canada (11)

1988–1990 24 (plus
42-month
extension)

0.05 mg interferon beta-1b (125)
0.25 mg interferon beta-1b (124)
placebo (123)

SC, every
other day

age 18–50; clinical or laboratory-supported 
definite RRMS; EDSS 0–5.5; disease duration 
>1 year; at least 2 relapses in the 2 years prior; 
no exacerbations for at least 1 month prior

Glatiramer acetate
Johnson
et al.
Copaxone
[16, 17]

USA (11) 1991–1992 24 (plus
11-month
extension)

20 mg glatiramer acetate (125)
placebo (126)

SC, daily age not reported; well-characterized RRMS;
EDSS 0–6.0; disease duration not specified;
at least 2 relapses in the 2 years prior 

Comi et al.
Copaxone
[27]

Canada,
Europe (29)

1997  9 20 mg glatiramer acetate (119)
placebo (120)

SC, daily age 18–50; diagnosis of RRMS,
including ≥1 enhancing brain lesion;
EDSS 0–5.0; disease duration ≥1 year;
at least 1 relapse in the 2 years prior;
no exacerbations in previous 30 days

Immunomodulator
Polman
et al.
Tysabri
[13, 20]

Europe,
N. America,
Australia, 
New Zealand (99)

2001–2004 28 300 mg natalizumab (627)
placebo (315)

IV infusion, 
every
4 weeks

age 18–50; diagnosis of RRMS,
including brain lesions consistent with MS;
EDSS 0–5.0; disease duration not specified;
at least 1 relapse in the past year

EDSS = Expanded disability status scale; IM = intramuscular; IV= intravenous; MIU = million international units; SC = subcutaneous.
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of one treatment over the others in terms of RD, except 
for Avonex, which had a lower annualized relapse rate 
and reached only borderline significance. This analysis 
included all patients and all of their time in the study; this 
was possible with the annualized rate.

  Progression/Disability Endpoints 
  Proportion of Patients Who Were Progression-Free
at 1 Year
 Progression-free data at 1 year were available only for 

Avonex. Following 1 year of treatment, 83% of Avonex 
patients and 73% of placebo patients were relapse-free, 
which corresponds to an RD of 0.10 (95% CI 0.00–0.19) 
and a RR of 1.13 (95% CI 1.00–1.27). Thus, Avonex was 
not significantly better than placebo in preventing dis-
ease progression at 1 year.

   Proportion of Patients Who Were Progression-Free
at 2 Years
 Progression-free data at 2 years were available for 5 

DMTs. Of the 5 trials, only the Avonex and Tysabri trials 
had progression-related endpoints as a primary efficacy 
outcome and were appropriately powered to show a treat-

ment effect. The other trials were powered to show effi-
cacy in terms of relapse-related endpoints; progression-
related endpoints were assessed as secondary outcomes.

  RDs and their corresponding 95% CIs for the propor-
tion of patients who were progression-free at 2 years are 
presented in  figure 4 a. All of the treatments had RDs 
ranging from 0.10 to 0.13, except Copaxone, which had 
an RD of 0.03. The corresponding values for NNT ranged 
from 7.7 to 33.3 ( table 2 ). Results from analyses of the 
RRs, shown in  figure 4 b, paralleled those of the RDs. All 
treatments appeared to provide similar benefit in pre-
venting progressions over 2 years of treatment, except for 
Copaxone and Betaseron, which were not significantly 
different from placebo.

  MRI Endpoint 
  Proportion of Patients Who Were Free of
Gd-Enhancing Lesions at 1 Year or 9 Months
 RDs and their corresponding 95% CIs for the propor-

tion of patients who were free of Gd-enhancing lesions at 
1 year are presented in  figure 5 a. In most cases (except 
Tysabri), only a subset of the ITT population underwent 
Gd-enhanced MRI scanning. Also, because the Betaser-

a

Study
or subcategory

Active
n/N

Placebo
n/N

RD (fixed)
95% CI

RD (fixed)
(95% CI)

Avonex 70/158 51/143 0.09 (–0.02, 0.20)
Copaxone 66/119 59/120 0.06 (–0.06, 0.19)
Rebif 83/184 41/187 0.23 (0.14, 0.33)
Tysabri 477/627 167/315 0.23 (0.17, 0.30)

b

Study
or subcategory

Active
n/N

Placebo
n/N

RR (fixed)
95% CI

RR (fixed)
(95% CI)

Avonex 70/158 51/143 1.24 (0.94, 1.65)
Copaxone 66/119 59/120 1.13 (0.88, 1.44)
Rebif 83/184 41/187 2.06 (1.50, 2.82)
Tysabri 477/627 167/315 1.43 (1.28, 1.61)

  Fig. 1.  Proportion of patients who were relapse-free at 1 year: Representation of the efficacy of treatment with 
the various agents relative to placebo for different endpoints. Larger positive values indicate better efficacy 
relative to placebo. Relapse was defined as acute worsening of status of at least 24 h duration, where worsening 
of status was indicated by a change in the Expanded Disability Status Scale score of at least 1 point.  a  Risk dif-
ference (RD), which is equivalent to absolute risk reduction (ARR).  b  Relative risk reduction (RRR). 
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on study was performed prior to the widespread use of 
Gd-enhanced MRI, data for Betaseron were unavailable. 
Only Copaxone did not show a significant benefit for this 
endpoint; however, its onset of action may be delayed for 
up to 6 months, and this was just a 9 month study. More-

over, the Copaxone study was different in that the study 
population needed to have  6 1 enhancing lesion as an in-
clusion criterion. The values for NNT ranged from 3.2 for 
Rebif to  G  for Copaxone ( table 2 ).

a

Study
or subcategory

Active
n/N

Placebo
n/N

RD (fixed)
95% CI

RD (fixed)
(95% CI)

Betaseron 36/124 18/123 0.14 (0.04, 0.25)
Copaxone 42/125 34/126 0.07 (–0.05, 0.18)
Rebif 59/184 28/187 0.17 (0.09, 0.26)
Tysabri 454/627 146/315 0.26 (0.20, 0.33)

b

Study
or subcategory

Active
n/N

Placebo
n/N

RR (fixed)
95% CI

RR (fixed)
(95% CI)

Betaseron 36/124 18/123 1.98 (1.19, 3.30)
Copaxone 42/125 34/126 1.25 (0.85, 1.82)
Rebif 59/184 28/187 2.14 (1.43, 3.20)
Tysabri 454/627 146/315 1.56 (1.37, 1.78)

  Fig. 2.  Proportion of patients who were relapse-free at 2 years. Representation of the efficacy of treatment with 
the various agents relative to placebo for different endpoints. Larger positive values indicate better efficacy 
relative to placebo. Relapse was defined as acute worsening of status of at least 24 h duration, where worsening 
of status was indicated by a change in the Expanded Disability Status Scale score of at least 1 point.  a  Risk dif-
ference (RD), which is equivalent to absolute risk reduction (ARR).  b  Relative risk reduction (RRR). 

Favors placebo
–1 –0.5

Favors active
0 0.5 1

0.1 0.2 0.5
Favors placebo Favors active

21 5 10

Study
or subcategory

Rate difference (SE) Rate difference (fixed)
95% CI

Rate difference 
(fixed)
(95% CI)

Avonex 0.1500 (0.0724) 0.15 (0.01, 0.29)
Betaseron 0.4100 (0.1037) 0.41 (0.21, 0.61)
Rebif 0.4150 (0.1055) 0.42 (0.21, 0.62)
Tysabri 0.4500 (0.1363) 0.45 (0.18, 0.72)

  Fig. 3.  Annualized relapse rate at 2 years. Representation of the efficacy of treatment with the various agents 
relative to placebo for different endpoints. Larger positive values indicate better efficacy relative to placebo. 
Relapse was defined as acute worsening of status of at least 24 h duration, where worsening of status was indi-
cated by a change in the Expanded Disability Status Scale score of at least 1 point. Figure shows rate difference 
(RD), which is equivalent to absolute risk reduction (ARR).      
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  RRs and 95% CIs for the proportion of patients who 
were free of new Gd-enhancing lesions at 1 year are pre-
sented in  figure 5 b. Copaxone is indistinguishable from 
placebo, but this study differed from the other treatments 
due to differences at baseline. Of the DMTs other than 
Copaxone, Rebif appears to be better at preventing new 
Gd-enhancing lesions than Tysabri or Avonex. These re-
sults suggest there may be a benefit of Rebif over these 
other treatments in the prevention of new Gd-enhancing 
lesions in patients with RRMS at 1 year.

  Discussion 

 Though we now have 5 approved products for the 
treatment of RRMS, there are many differences among 
the pivotal phase III studies that preclude simply compar-
ing their efficacy outcomes, which were all calculated rel-
ative to different placebo groups. We used an evidence-
based approach to attempt to reduce these outcomes to a 

more common denominator, such as RD or NNT, in or-
der to better compare efficacy.

  In general, there was little difference among the thera-
pies in terms of clinical endpoints such as their effect on 
relapse or progression; annualized relapse rates were less 
sensitive to differences than the proportions of patients 
who were relapse-free. All the IFN treatments and Tysa-
bri showed similar efficacy in terms of increasing the per-
centage of patients who were progression-free at the end 
of 2 years. Copaxone failed to increase this percentage, 
possibly in part due to the study being statistically under-
powered to be able to demonstrate this, similar to the 
pivotal Betaseron trial. Trials with Avonex, Rebif and 
Tysabri all were structured to be able to show an effect on 
progression as a primary or secondary endpoint. Coupled 
with underpowering is the phenomenon that only a small 
percentage of RRMS patients would be expected to have 
a sustained progression within 2 years. It is not surprising 
that the most sensitive efficacy endpoint appeared to be 
the prevention of Gd-enhancing lesions (RRRs ranging 
from 0.50 to 3.88), which is, in part, because of greater 
event rates compared with either relapse or progression. 
However, there remains great debate on the reliability 
and validity of standard MRI measures as surrogate bio-
markers in MS  [11, 12] .

  The proportion of patients who were relapse-free at 1 
year and the proportion of patients who were free of Gd-
enhancing lesions at 1 year showed the clearest differen-
tiation among the various DMTs. Though 1-year data 
may not be long enough for therapies to reach maximal 
efficacy, we felt it was important to explore these in the 
context of early treatment response. Some studies suggest 
that it may be possible to demonstrate a treatment effect 
in 1 year in order to decide whether patients should com-
plete the course or switch to an alternative therapy. Thus 
it was important to see if agents were capable of generat-
ing a treatment response in 1 year and try to compare 
them. In this regard, both Tysabri and Rebif appeared to 
provide a greater 1-year benefit than Avonex.

  In looking at all the efficacy information from pivotal, 
placebo-controlled, independently-reviewed clinical tri-
als for the currently-available DMTs, a general picture 
emerges. Of the available agents, Tysabri and high-dose, 
high-frequency IFNs (Betaseron and Rebif) appear to be 
significantly more effective than placebo. Keeping in 
mind that study design and execution have evolved con-
siderably over the years, and notwithstanding the differ-
ences in sample sizes and patient characteristics across 
the trials, Rebif (PRISMS)  [10]  and Tysabri [AFFIRM 
(Natalizumab Safety and Efficacy in Relapsing Remitting 

Table 2. Absolute risk reduction, therapeutic gain and number 
needed to treat for the different agents

AAR, therapeutic
gain (95% CI)

NNT
(95% CI)

Proportion of patients who were relapse-free at 1 year
Avonex 0.09 (–0.02, 0.20) 11.1 (5.0, G)
Copaxone 0.06 (–0.06, 0.19) 16.7 (5.3, G)
Rebif 0.23 (0.14, 0.33) 4.3 (3.0, 7.1)
Tysabri 0.23 (0.17, 0.30) 4.3 (3.3, 5.9)

Proportion of patients who were relapse-free at 2 years
Betaseron 0.14 (0.04, 0.25) 7.1 (4.0, 25.0)
Copaxone 0.07 (–0.05, 0.18) 14.3 (5.6, G)
Rebif 0.17 (0.09, 0.26) 5.9 (3.8, 11.1)
Tysabri 0.26 (0.20, 0.33) 3.8 (3.0, 5.0)

Proportion of patients who were progression-free at 2 years
Avonex 0.13 (0.03, 0.23) 7.7 (4.3, 33.3)
Betaseron 0.10 (–0.01, 0.21) 10.0 (4.8, G)
Copaxone 0.03 (–0.07, 0.13) 33.3 (7.7, G)
Rebif 0.11 (0.01, 0.20) 9.1 (5.0, 100)
Tysabri 0.12 (0.06, 0.18) 8.3 (5.6, 16.7)

Proportion of patients who were free of Gd-enhancing lesions at 
1 year

Avonex 0.12 (0.01, 0.24) 8.33 (4.2, 100)
Copaxone –0.03 (–0.08, 0.02) G (50.0, G)
Rebif 0.31 (0.17, 0.44) 3.2 (2.3, 5.9)
Tysabri 0.28 (0.23, 0.33) 3.6 (3.0, 4.3)

AAR = Absolute risk reduction; Gd = gadolinium; NNT = 
number needed to treat.
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Multiple Sclerosis) study]  [13]  stand out as the only agents 
that significantly affect all the measured efficacy out-
comes of relapse, progression and MRI. Furthermore, 
our comparison shows that Rebif and Tysabri have a sim-
ilar magnitude of effect on most of these efficacy param-
eters. Both Avonex and Copaxone show, in general, less 
robust effects, with no definite benefit over placebo for 
many of the endpoints studied.

  It is important to keep in mind the many differences 
in study design for the various DMTs that could lead to 
disparity in clinical results. For instance, the AFFIRM 
trial (Tysabri) used the McDonald criteria  [14]  for MS di-
agnosis versus the Poser criteria  [15] , which was used in 
all the prior studies. Thus, the AFFIRM trial included a 
population of patients that were younger, less disabled 
and with a shorter duration of disease, all factors that 
might impact treatment efficacy. One of the most impor-
tant differences among the trials is the natural history of 
the placebo group. In trials like the AFFIRM or the piv-
otal Copaxone study, the reduction in relapse rate at 2 

years relative to baseline (placebo effect) was 51%  [13]  and 
47%  [16, 17] , respectively. Such patients may have a very 
different natural history compared with those in the oth-
er studies like PRISMS (Rebif), where the natural risk 
reduction in the placebo group after 2 years was only 17% 
 [10] .

  The results of this review can be compared with the 
published results of some other clinical studies in pa-
tients with RRMS. In the OWIMS study, Rebif adminis-
tered weekly for 24 or 48 weeks resulted in a significant 
MRI benefit but not a clinical relapse effect relative to 
placebo  [9, 18] . However, when the same dose of Rebif was 
given to patients after their first demyelinating episode in 
the ETOMS (Early Treatment of MS) study  [19] , there was 
a significant effect on both relapse rate and MRI. These 
studies suggest there may be differences in treatment re-
sponse to DMT depending on the stage of disease or its 
duration.

  In the 2 available head-to-head studies (EVIDENCE 
 [1, 2]  and INCOMIN  [3] ) comparing frequent, high-dose 

a

Study
or subcategory

Active
n/N

Placebo
n/N

RD (fixed)
95% CI

RD (fixed)
(95% CI)

Avonex 123/158 93/143 0.13 (0.03, 0.23)
Betaseron 99/124 86/123 0.10 (–0.01, 0.21)
Copaxone 98/125 95/126 0.03 (–0.07, 0.13)
Rebif 135/184 117/187 0.11 (0.01, 0.20)
Tysabri 520/627 224/315 0.12 (0.06, 0.18)

b

Study
or subcategory

Active
n/N

Placebo
n/N

RR (fixed)
95% CI

RR (fixed)
(95% CI)

Avonex 123/158 93/143 1.20 (1.03, 1.39)
Betaseron 99/124 86/123 1.14 (0.99, 1.32)
Copaxone 98/125 95/126 1.04 (0.91, 1.19)
Rebif 135/184 117/187 1.17 (1.02, 1.35)
Tysabri 520/627 224/315 1.17 (1.08, 1.26)

  Fig. 4.  Proportion of patients who were progression-free at 2 years. Representation of the efficacy of treatment 
with the various agents relative to placebo for different endpoints, with larger positive values indicating better 
efficacy relative to placebo. Progression was defined as a change in the Expanded Disability Status Scale score 
of at least 1 point that lasted at least 3 months.  a  Risk difference (RD), which is equivalent to absolute risk re-
duction (ARR).  b  Relative risk reduction (RRR). 
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IFN �  treatment with once weekly Avonex, both showed 
that high-dose IFNs (Rebif and Betaseron) are superior 
compared to low-dose IFN (Avonex) in clinical efficacy 
at 1 or 2 years of treatment.

  The difference between the use of ARR and RRR is 
demonstrated by  figure 6 . How the placebo group fairs in 
a particular study gives an indication of the risk of having 
a particular event. If 2 populations have placebo groups 

b

Study
or subcategory

Active
n/N

Placebo
n/N

RR (fixed)
95% CI

RR (fixed)
(95% CI)

Avonex 94/134 71/123 1.22 (1.01, 1.47)
Copaxone 3/112 6/113 0.50 (0.13, 1.97)
Rebif 28/68 7/66 3.88 (1.82, 8.27)
Tysabri 602/627 214/315 1.41 (1.31, 1.53)

a

Study
or subcategory

Active
n/N

Placebo
n/N

RD (fixed)
95% CI

RD (fixed)
(95% CI)

Avonex 94/134 71/123 0.12 (0.01, 0.24)
Copaxone 3/112 6/113 –0.03 (–0.08, 0.02)
Rebif 28/68 7/66 0.31 (0.17, 0.44)
Tysabri 602/627 214/315 0.28 (0.23, 0.33)

  Fig. 5.  Proportion of patients who were free of Gd-enhancing lesions at 1 year. Representation of the efficacy of 
treatment with the various agents relative to placebo for different endpoints. Larger positive values indicate bet-
ter efficacy relative to placebo.  a  Risk difference (RD), which is equivalent to absolute risk reduction (ARR).
 b  Relative risk reduction (RRR). Note that the data for Copaxone is for 9 months. 
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  Fig. 6.  Absolute versus relative risk reduc-
tion for 3 hypothetical drugs, X, Y and Z. 
The absolute risk reduction (ARR) is the 
same for all 3 drugs (0.5). Drug Z does not 
really demonstrate twice the efficacy of 
drug X.     
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that demonstrate similar risks, then it may be possible to 
compare the RRRs conferred by treatment. However, if 
the placebo groups differ greatly in their risk of an event, 
then RRRs are not comparable and it is better to use 
ARRs or therapeutic gain as a comparator. Take, for ex-
ample, 3 hypothetical drugs, X, Y and Z ( fig. 6 ). The pla-
cebo rate of an event differs greatly among the 3 agents 
such that, if one only looks at RRR, it would appear that 
drug Z is nearly twice as efficacious as drug X. This is 
clearly misleading as all show an ARR of 0.5 or an NNT 
of 2. How drug X would have done in a population such 
as that tested with drug Z, or vice versa, is unknown. This 
challenge is relevant to the current literature on MS. The 
AFFIRM study  [13]  found that there was a 68% relative 
reduction in the rate of relapse with Tysabri. The PRISMS 
study  [10]  found that the relapse rate reduction for Rebif 
(44  � g) was 32%. However, comparisons of these RRRs 
may be misleading as the ARR for Tysabri is 0.26 (95% CI 
0.20–0.33; NNT = 3.8) compared with an ARR for Rebif 
of 0.17 (95% CI 0.09–0.26; NNT = 5.9) over the same 2-
year period ( table 2 ). Further, the confidence intervals for 
these ARR values overlapped, providing descriptive evi-
dence that the NNT estimates may not be different from 
each other.

  As the treatment paradigm of MS evolves and newer 
agents become available, making treatment decisions 
and providing guidance for patients will become more 
challenging for clinicians. There are several ongoing 
studies comparing directly the efficacy of high-dose, 
high-frequency IFN � s against Copaxone, which will 
shed light on the relative efficacies of these agents. Ide-
ally, one would want to compare their effects relative to 
a common placebo group; however, due to ethical con-
cerns, it is extremely difficult to carry out such types of 
head-to-head, double-blinded, placebo-controlled stud-
ies in countries where DMTs are available. A way of per-
forming a head-to-head study without the use of a pla-
cebo group is to carry out a ‘double dummy’ study where 
patients literally inject themselves as if they were taking 
both medicines, but are in reality only taking one. This 
is the method used in the ongoing Combi-Rx study that 
is looking at three groups: Avonex only, Copaxone only 
and both. In the absence of these types of studies, one 
can look at the difference in proportions (RD) and RR to 
provide some sense of relative efficacy in order to guide 
prescribing clinicians. Still, there is no substitute for well 
designed, head-to-head, class I, comparative studies 
(such as the EVIDENCE  [1, 2]  and INCOMIN  [3]  trials), 
which would resolve all of the cross-study comparison 
issues.

  Using an EBM approach to study results can yield im-
portant information that will assist both physicians and 
patients in making treatment decisions. This is because 
the way in which trial data are conveyed to patients can 
influence their ultimate decision and enthusiasm for one 
product over another. For example, patients could be told 
that there were 68% fewer attacks with Tysabri compared 
to a non-treated group  [13] , and that there were 32% few-
er attacks with Rebif (44  � g) compared to a non-treated 
group  [10] . Although the numbers are not directly com-
pared, simply stating them one after another would sug-
gest a stronger treatment effect for Tysabri than Rebif. 
Using the EBM approach, the patient could be told that 
the number of patients who needed to be treated to pre-
vent 1 relapse is 3.8 for Tysabri, compared to 5.9 for Rebif. 
Thus, the efficacies of Tysabri and Rebif in preventing 
relapses are very similar based on the NNT, and choosing 
between the agents may require a consideration of safety 
issues. In particular, Tysabri has a black box warning 
about the risk of progressive multifocal leukoencepaha-
lopathy  [20]  and thus poses additional risks compared to 
Rebif.

  Finally, data from placebo-controlled clinical trials 
can be used to predict what should be observed in head-
to-head studies. This analysis is in progress and the cal-
culations will be compared with the results observed in 
the EVIDENCE  [1, 2]  and INCOMIN  [3]  clinical trials.
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