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Abstract: Interferon beta (IFNB) an immunomodulatory agent has been approved for Multiple Sclerosis (MS)
patients with a relapsing course. The aim of this meta-analysis was to compare three different formulations of
IFNp including intramuscular IFN3-1a (Avenex®), subcutaneous IFN[-1a (Rebif™) and subcutaneous IFN[3-1b
(Betaseron or Betaferon) in Relapsing Remitting MS (RRMS). Pubmed, Scopus and Cochrane Central Register
of controlled trials were searched for studies comparing efficacy of different formulations of TFNP in RRMS.
Data were collected from 1966 to 2009 (up to July). Mean change in Expanded Disability Status Scale (EDSS)
and number of patients with at least one relapse were the key outcomes of mterest for assessment of efficacy.
Six studies met our criteria and were included. Comparison of Avonex with Rebif yielded a non-significant
Relative Risk (RR) of 0.85 (95% CT of 0.57-1.25, p=10.3954). A non-significant RR of 0.91 (95% CT of 0.75-1.10,
p = 0.3378) was obtained when Avonex compared with Betaferon. Comparison of Rebif with Betaferon yielded
a significant RR of 0.9 (95% CI of 0.82-1, p = 0.0481). Although, not statistically sigmficant, Rebif or Betaferon
work better than Avonex whereas Betaferon was even better than Rebif in management of RRMS.

Key words: Interferon beta, relapsing remitting multiple sclerosis, Avonex, Rebif, Betaferon, Betaseron,
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INTRODUCTION

Multiple Sclerosis (MS) 1s an autoinmune and
inflammatory disease that courses with a demyelmation
process, which finally produces axonal degeneration and
neuronal death. The international panel of neurologists
has outlined four distinet clinical disease patterns in
MS including relapsing-remitting (RRMS), secondary
progressive (SPMS), primary progressive (PPMS) and
progressive relapsing (PRMS). At onset, over 80% of MS
patients have a RRMS disease course which mostly will
develop SPMS after 10-15 years. RRMS, which 1s the most
common phenotype, starts with a single mono- or
multi-focal demyelinating episode with partial or full
recovery. The relapse stage of disease i1s dominated by
overt mflammation and demyelination, manifesting as
clinical attacks and the formation of new MRI lesions;

though subclinically damage to neurons and axons is
slowly amassing, gradually dimimshing the ability to
sustain firther events without acquiring disability
{(Lublin and Reingold, 1996). Fust-line agents approved for
the treatment of MS are interferon-beta (IFN() and
glatiramer acetate. Second-line drugs for MS therapy
include mitoxantrone and natalizumab. There are four
different formulations of IFNPB, which are already
approved for the treatment of RRMS including
intramuscular TFNB-1a (Avonex), subcutaneous TFNP-1a
(Rebify and subcutaneous IFNP-1b (Betaseron or
Betaferon) (Vosoughi and Freedman, 2010). Recently a
new branded version of TFNP-1b, Extavia, has been
approved by FDA for treatment of MS and it is the same
as Betaferon. However, there 1s no published studies on
the efficacy of this new brand. In fact, the precise
mechanisms by which TFN[P exerts uncertain beneficial

Corresponding Author: Mohammad Abdollahi, Faculty of Pharmacy, Pharmaceutical Sciences Research Centre,
Endocrinology and Metabolism Research Institute, Tehran University of Medical Sciences,

Tehran, Iran



Int. J. Pharmacol., 6 (5): 638-644, 2010

effects in MS remain unresolved. Tmmunomodulatory
effects of IFNp include dendritic cell activation, enhanced
natural killer cell activity, stimulation of macrophage
development and activation and stimulation of inducible
nitric  oxide synthase expression by macrophages,
enhanced T-cell proliferation via a direct mechanism or via
TL.-15 induction by antigen-presenting cells, pro-apoptotic
and anti-proliferating effects on T cells, enhanced B-cell
proliferation, enhanced immunoglobulin class switching
and anti-angiogenic and anti-proliferating (Meyer, 2009).
There are various studies comparing the efficacy of three
different formulations of IFNP. Limmroth et al. (2007)
showed similar effectiveness among IFN@ products.
Etemadifar et al (2006) demonstrated superiority of
Betaseron to Rebif and Rebif to Avonex in decreasing
relapse rate and Expanded Disability Status Scale (EDSS)
(Etemadifar et ol , 2006). Pamtch et al. (2002) also showed
Rebif was more effective than Avonex. Another study by
Koch-Henriksen did not prove superiority of Betaseron to
Rebif (Koch-Henriksen et al., 2006). Khan et af. (2001)
reported more efficacy of Betaseron to Avonex in
reducing relapse rate (Khan et al, 2001). However,
Patti et al. (2006) demonstrated that the efficacy of
Betaseron and Avonex in decreasing relapse rate and
EDSS is similar. Because of these conflicting results we
decided to do the first meta-analysis for comparing the
efficacy of three different formulations of TFN[3.

MATERIALS AND METHODS

Data sources: Pubmed, Scopus, Web of Science and
Cochrane Central Register of Controlled Trials were
searched for studies comparing efficacy of three different
formulations of IFN[} including intramuscular TFNp-1a
(Avonex), subcutaneous IFNP-la  (Rebif) and
subcutaneous 1FN[-1b (Betaseron) in MS. Data were
collected from 1966 to 2009 (up to Tuly). The search terms
were multiple sclerosis or MS and mterferon beta. The
language was restricted to English. The reference list from
retrieved articles was also reviewed for additional
applicable studies.

Study selection: Studies comparing the efficacy of three
different formulations of IFNPp including mtramuscular
TFNpP-1a (Avonex), subcutaneous TFN[-la (Rebif) and
subcutaneous IFNP-1b (Betaseron) in patients with MS
were considered. Mean change in Expanded Disability
Status Scale (EDSS) and number of patients with at least
one relapse were the key outcomes of interest for
assessment of efficacy. We evaluated all published
studies as well as abstracts presented at meetings. Three
reviewers iIndependently examined the title and abstract of
each article to eliminate duplicates, reviews, case studies
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and uncontrolled studies. Studies were disqualified if they
compared any formulations of IFN[} with only placebo or
their outcomes did not consider relapse or EDSS. The
reviewers independently extracted data on patients’
characteristics, type of MS, EDSS at the beginning of
study, type and dosage of IFNP, study duration and
outcome measwres. Disagreements, if any, were resolved
by consensus.

Assessment of trial quality: Jadad score, which evaluates
studies based on their description of randomization,
blinding and dropouts (withdrawals), was used to assess
the methodological quality of the trials (Jadad, 1998). The
quality scale ranges from 0 to 5 pomts with a low quality
report of score 2 or less and a high quality report of score
at least 3.

Statistical analysis: Data from selected studies were
extracted in the form of 2x2 tables. Included studies were
weighted and pooled. The data were analyzed using Stats
direct software version 2.7.7. Relative Risk (RR) and 95%
confidence intervals (95% CI) were calculated using the
Der Simonian-Laird method The Cochran Q test was used
to test heterogeneity. The event rate in the experimental
(intervention) group against the event rate in the control
group was calculated using L'Abbe plot as an aid to
explore the heterogeneity of effect estimates. Fumnel plot
analysis was used as publication bias indicator.

Findings: The electronic searches yielded 3147 items; 518
from PubMed, 417 from Cochrane Central Register of
Controlled Trials and 2212 from Scopus. Of those, 11
studies were scrutinized in full text. Five reports were
considered ineligible while 6 studies (Limmroth et al.,
2007, Etemadifar et ai, 2006, Panitch et @f, 2002,
Koch-Henriksen et al., 2006; Khan et al., 2001 ; Patti et ol ,
2006) were included in the analysis (Fig. 1). Among
6 studies, 4 of them (Etemadifar et al., 2006, Panitch et al.,
2002; Koch-Henmksen et ai., 2006, Khan et al., 2001) were
clinical trials but only one of them (Panitch et al., 2002)
obtained Jadad score of more than 3 (Table 1). Other two
included studies (Limmroth et al., 2007, Etemadifar et al.,

Table 1: Jadad quality score of clinical trials included in the meta-analy sis
Factors and Jadad score

Withdrawals TotalJadad

Sudy Randomization Blinding and dropouts score
Etemadifar et af. 1 0 0 1
(2006)

Koch-Henriksenet al. 1 0 1 2
(2006)

Panitch et @. (2002) 1 2 1 4
Khan et af. (2001) 0 0 0 0
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3147 potentially relevant reports identified and screened fory

retrieval from electronic search:

518 from PubMed

417 form Cochrane Central Register of Controlled Trials

2212 from scopus
515 excluded because of duplication

7| 594 excluded because they are reviews
2027 reports excluded on the basis of
title and abstract
11 reports retrieved

y

¥| Avonex

5 reports excluded upon full text search:
n=1: comparing two different disage of

n= 1: cornparing two different dosage of
Betasercn
n = 1: comparing adverse events not efficacy
n=2: MRI results not clinical resulis

6 eligible clinical triels included in the meta-analysis

Fig. 1: Flow diagram of the study selection process

Table 2a: Characteristics of papers included in the meta-analysis for comparing Avonex and Rebif

Sex EDSS Dosage
Mean — ---memmemmeemeeeeeee- Type of Duration of
Study age Female Male M3 Avonex  Rebif Avonex Rebif treatment.
Limmroth et af. (2007) 35.75 1787 720 RRMS 2.5+1.3 22 g 24414 30 pgiweek 22 o0r 4 pg,
44 pg: 2.7+1.5 3 times a week 2 years
Etemadifar et al. (2006) 27.75 47 13 RRMS 1.9+1.1 1.9£0.7 30 pgiweek 44 pg, 3 times a week 2 years
Panitch et al. (2002) 37.85 506 171 RRMS 2.0+2.3 2.042.3 30 pgiweek 44 pg, 3 times a week 48 weeks
MS: Multiple sclerosis, EDSS: Fxpanded disability status scale, RRMS: Relapsing remitting multiple sclerosis
Table 2b: Characteristics of papers included in the meta-analysis for comparing Avonex and Betaseron
Sex EDSS Dosage
Mean — --mmeemeeeemeceeeeeen Type of Duration of
Study age Female Male M3 Avonex Betaseron Avonex Betaseron treatment.
Limmroth et af. (2007) 30.90 2077 876 RRMS 2.50+1.3 2.90+1.6 6 MIUfweek 8 MIU altemate days 2 years
Etemadifar et al. (2006) 29.00 45 15 REMS  1.90+1.1 1.90+0.7 6 MIU/week 8 MIU alternate days 2 years
Patti et al. (2006) 30.70 74 52 RRMS 2.21+0.87  2.3741.00 6 MIU/week 8 MIU altemate days 2 years
Khan et al. (2001) 32.25 52 29 REMS  2.69+0.1 2.56+0.1 6 MIU/week 8 MIU alternate days 18 months
MS: Multiple sclerosis, EDSS: Expanded disability status scale, RRMS: Relapsing remitting multiple sclerosis
Table 2c: Characteristics of papers included in the meta-analysis for comparing Rebif and Betaseron
Sex EDSS Dosage
Mean — ---eeemeememeemeeeeeen Type of Duration of
Study age Female Male MS Rebif Betaseron  Rebif Betaseron treatment
Limmroth e7 af. (2007) 3645 174 778  RRMS  22pg: 24414 20516 22orddpg 250 pg 2 years
44 ng: 2.7+1.5 3 times a week  altemate days
Etemadifar et afl. (2006) 28.65 44 16 RRMS 1.9+0.7 2.1=0.1 44 ng, 250 ng 2 years
3 times a week  altemate days
Koch-Henrison et al. (2006) 37.50 194 107 RRMS - - 22 pg/week 250 ng alternate days 2 vears

MS: Multiple sclerosis, EDSS: Expanded disability status Scale, RRMS: Relapsing remitting multiple sclerosis

2006; Panitch et af., 2002, Koch-Hemnriksen et ai., 2006,
Khan et al., 2001; Patti et al., 2006) were observational
cohort studies. Patients” characteristics, type of MS,
EDSS at the begimming of study, type and dosage of IFN[3,
study duration for each trial are shown in Table 2a-c. All
patients in included studies had RRMS. This meta-
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analysis mcluded 5266 patients with RRMS randomized to
receive either [IFN[ or placebo. Of those 1940 received IM
IFNB-1a (Avonex), 1613 SC IFN(-1a (Rebif) and 1713
I[FNB-1b (Betaseron). There was no enough data to
evaluate mean change in EDSS, thus only relapse rate was
compared between these three formulations (Table 3a-c).
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Table 3a: Outcomes for studies comparing Avonex and Rebif

Mean change in FDSS (No. of patients)

No. of patients with at least one relapse

Study Avonex Rebif Avonex Rebif

Limmroth et al. (2007) 0.17+0.99 (790) 22 pg: 0.204+0.81 (394) 564/1094 22 ng: 334/555
44 ng: 0.35+0.95 (134) 44 ng: 121/185

Etemadifar et al. (2006) -0.1(30) -0.3 (30) 24/30 13/30

Panitch et al. (2002) - - 161/338 130/339

Table 3b: Outcomes for studies comparing Avonex and Betaseron

Mean change in FDSS (No. of patients)

No. of patients with at least one relapse

Study Avonex Betaseron Avonex Betaseron
Limmroth et al. (2007) 0.17+0.99 (790) 0.25+0.99 (738) 564/1094 562/1034
Etemadifar et al. (2009) -0.1 (30) -0.7 (30) 24/30 17/30
Patti et al. (2006) ND ND 40/62 4264
Khan et al. (2001) +0.19 (34) -0.25 (34) 30/34 23/34

Table 3¢: Outcomes for studies comparing Rebif and Betaseron

Mean change in EDSS (No. of patients)

No. of patients with at least one relapse

Study Rebif Betaseron Rebif’ Betaseron
Limmroth ez al. (2007) 22 pg: 0.20+0.81 (394) 2.9+1.6 22 ug: 334/555 562/1034
44 pg: 0.35£0.95 (134) 44 pg: 121/185
Etemadifar et al. (2006) -0.3 (30) -0.7 (30) 13/30 17/30
Koch-Henrison et @l. (2006) - - 79/143 81/158
ND: Not determined
: 100 -
Limtmroth ef of. 2007) . 1,19 (1.10, 1.29) L
.
- 30- .’.’
_I
Etemadifar ef of. (2006) 0.54 (0.33,0.82) E o
= E o
8
1”
Panitch et af, (2002) ... 0.81 (0.67, 0.96) E 40- e .
5
A 20-
Cambined [random] L 0.85(0.57,1.25)
T T 1 c L} ) 1} 1
0.2 0.5 1.0 2.0 0 20 40 60 &0 100
Relative risk (95% confidence interval) Control percent

Fig. 2a: Individual and pooled relative risk for the
outcome of at least one relapse in the studies
considering comparing two types of TFNP-la
(Avonex and Rebif) in RRMS

Comparative efficacy of 2 types of IFNB-1a (Avonex and
Rebif) in RRMS: The summary RR for at least one relapse
mn three studies (Limmroth et af., 2007; Etemadifar et ai.,
2006; Panitch et al., 2002) was 0.85 witha 95% CI of
0.57-1.25 and a non-significant RR (p = 0.3954, Fig. 2a).
The Cochrane Q test for heterogeneity indicated that the
studies are heterogeneous (p<0.0001, Fig. 2b) and could
not be combined, thus the random effects for mdividual
and summary of RR was applied. Regression of normalized
effect versus precision for studies comparing at least one
relapse between two types of IFNP-1a therapy in RRMS
could not be calculated because of too few strata.

641

Fig. 2b: Heterogeneity indicators for the outcome of at
least one relapse in the studies considering
comparing two types of TFNB-la (Avonex and
Rebif) in RRMS

Comparative efficacy of types of IFNP-1a (Avonex) and
TFNB-1b (Betaseron) in RRMS: Summary RR for at least
one relapse in four studies (Limmroth et al, 2007,
Etemadifar et al., 2006, Khan et al., 2001 ; Patti et al., 2006)
was 0.91 witha 95% CT of 0.75-1.10 and a non significant
RR (p= 0.3378, Fig. 3a). The Cochrane Q test for
heterogeneity indicated that the studies are
heterogeneous (p = 0.0266, Fig. 3b) and could not be
combined, thus the random effects for individual and
summary of RR was applied. Regression of normalized
effect versus precision for studies comparing at least
one relapse among IFNP-la (Avonex) and IFN(B-1b
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Fig. 3a: Individual and pooled relative risk for the
outcome of at least one relapse m the studies
considering [FNP-la (Avonex) and IFNB-1b

(Betaseron) therapy in RRMS
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Fig. 3b: Heterogeneity mdicators for the outcome of at
least one relapse in the studies considering
IFNP-la (Avonex) and IFN(B-1b (Betaseron)

therapy in RRMS
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Fig. 3c: Publication bias indicators for the outcome of
at least one relapse in the studies considering
IFNP-la (Avonex) and IFN(B-1b (Betaseron)
therapy in RRMS
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Fig. 4a: Individual and pooled relative risk for the
outcome of at least one relapse m the studies
considering IFNP-la (Rebif) and IFNB-1b

{Betaseron) therapy in RRMS
100
I',
. 80 gts
.
-
: g
A 60 o
i 9
.E. 401 e
-’.’
£
td
204 i
s
0 T T T T
0 20 40 60 80 100
Control percent

Fig. 4b: Heterogeneity indicators for the outcome of
at least one relapse in the studies considering
TFNB-1a (Rebif) and TFNB-1b (Betaseron) therapy
in RRMS

(Betaseron) therapy m RRMS was -2281311 (95%
CI = -6.498821 to 1.936199, p = 0.1454) and Kendall’s test
on standardized effect versus variance indicated
tau = -0.666667, p = 0.0833 (Fig. 3¢).

Comparative efficacy of types of IFNB-1a (Rebif”) and
IFNB-1b (Betaseron®™) in RRMS: Summary RR for at least
one relapse in three studies (Limmroth et @f, 2007,
Etemadifar et ol, 2006, Koch-Henriksen et al, 2006)
was 0.9 with a 95% CI of 0.82-1 and a sigmficant RR
p 0.0481, Fig. 4a). The Cochrane Q test for
heterogeneity indicated that the studies are not
heterogeneous (p 0.3184, Fig. 4b) and could be
combined but because of few included studies, the
random effects for individual and summary of RR was
applied. Regression of normalized effect versus precision
for studies comparing at least one relapse among IFNP-1a
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(Rebif) and TFNB-1b (Betaseron) therapy in RRMS could
not be calculated because of too few strata.

DISCUSSION

In the present study, the efficacy of three different
formulations of INFp including two types of 1a (Avanex
and Rebif) and 1b (Betaseron) were compared to each
other in patients with RRMS for the first time by meta-
analysis techmque. The results demonstrated almost
equal effectiveness of these three formulations in
preventing relapse (Fig. 2a, 3a, 4a).

In the previous meta-analysis, we demonstrated that
administration of various types of IFNp in different
types of MS may change the effectiveness of TFNJ
(unpublished data). This meta-analysis has been designed
to compare effectiveness of various formulation of TFN[}
in controlling relapse only in on one kind of MS (RRMS).
Related to epidemiologic data, RRMS is the most common
subtype of M3 (Lublin and Reingold, 1996).

Among € studies included in this meta-analysis,
4 were chnical trials (Etemadifar et ai., 2006, Pamtch et al.,
2002; Koch-Henriksen et al., 2006, Khan et oI, 2001) and
among these four clinical trials, only one has got
appropriate quality score (Panitch et al., 2002). The other
two included studies were observational cohort with
mixed retrospective and prospective data (Patti et al.,
2006) and retrospective (Limmroth et al, 2007) data.
Notably, although there was heterogeneity in meta-
analysis that cannot be ignored but thus 1s the first
meta-analysis in this subject and thus valuable to
evaluate the impact of different IFN[} in MS, which is an
illness with high burden of disease and mortality and
morbidity affecting quality of life (Mwray and Lopez,
1997 Nortvedt et al, 1999, Jacobson et al, 1997).
Although, not statistically sigmificant but overall results
indicate that TFNP-1b (Betaseron) is slightly more
effective than IFN[p-la (both formulations mcluding
Avonex and Rebif). Regarding owr previous meta-
analyses specially on bowel disease, we had the same
experience in observing both statistically significant
(Rahimi et ai., 2007a, b; Elahi et al., 2008, Nikfar et al.,
2008) and statistically  non-significant  results
(Rahimi et al., 2007b, 2008a-c¢;, Darvish-Damavandi et ai.,
2010), but clinically much remarkable. Tn fact, other factors
like clinical sigmficance, presence of publication bias
and methodological variability can affect judgment in
meta-analysis m different ways. Although, statistically
significance or non significance is important in owr
decision makig but usually studies which are non
significant because of their less included studies in
meta- analysis, in most of the time change to significant
results when sample size and included studies are
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increased. So, regarding the extent of the population
suffering from this rare disease and cost of therapy,
conclusion should be considered cautiously to find
appropriate type of admimistration. The Independent
Comparison of Interferon (INCOMIN) (Durelli et al., 2002)
also mentioned the superiority of IFNP-1b comparing
to TFNB-la in MS. On the other hand result of
this meta-analysis demonstrate more effectiveness but
not statistically significant of Rebif in comparison to
Avonex.

Interestingly, comparison of Betaseron, Avonex and
Rebif in treatment of RRMS by another study showed the
same result (Etemadifar et al., 2006). There are some
differences between two IFNP-la including the way of
delivery. Avonex is injected directly into the muscle on a
belief that IM imjection allows the medication to be
released slowly into the bloodstream. Because effective
amounts of Avonex stay longer m the body, then
injection does not have to be repeated. Rebif and
Betaseron are imjected under the skin, not into the muscle
on belief that they remain in the body for shorter period
but they must be given three times a week or every other
day. The three drugs show markedly different side effects.
Obviously, patients using Rebif and Betaseron experience
more injection site reactions (redness, pain or swelling)
versus patients using Avonex. The possibility of
conducting meta-analysis to compare all side effects of
[FNP regarding effectiveness, compliance and cost may
clarify the best TFNp choice for management of disease, as
Guo et al. (2009) predicted reasonable cost trade-off for
greater benefits of Rebif over Avonex. In this respect, the
same evaluation should be considered for other new
approved but expensive medications like Natalizumab
which its effectiveness and safety in preventing relapse
and occurrence of new gadolinium-enhancing lesions has
been proved in a recent meta-analysis (Nikfar et af., 2010).

Conclusively, it seems that administration of
appropriate type of IFN[ is the best method of utilization
of TFNP in patients with RRMS. The current data on the
efficacy and safety of IFNP is not enough and further
clinical trials are needed to obtain more conclusive results.
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