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Abstract

Background—Interferon-Bla (IFNB) and glatiramer acetate (GA) are distinct therapies which
are both partially effective for relapsing MS. It is not known if combining the two treatments
would be more effective.

Objective—To review the rationale, design, and baseline characteristics of the CombiRx study of
combined treatment with IFNB and GA.

Methods—The key inclusion criteria included a diagnosis of relapsing MS, at least 2 episodes of
MS activity in the previous 3 years, expanded disability status scale of 0 to 5.5, and no prior
treatment with either IFNB or GA. Subjects were randomized to IFNB+GA, IFNB monotherapy,
or GA monotherapy in a 2:1:1 ratio.

Results—From 2005 to 2009, we enrolled 1008 subjects. The participants were 72.4% female
and 87.6% Caucasian with a mean age of 37.7 years. The median duration of symptoms was 2
years at entry into the study, and the mean EDSS was 2.1. On the baseline MRI, the mean total
lesion load was 12.2 ml, and 40% of the participants had enhancing lesions.

Conclusion—We have recruited a population of patients with clinical and MRI characteristics
typical for early MS. The study results will aid in deciding on the optimum early treatment. This
trial should serve as a model for future studies of combination therapy.
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1. Introduction

Multiple sclerosis (MS) is a chronic disease of the central nervous system that affects
approximately 350,000-400,000 persons in the United States and 2.5 million persons
worldwide. The typical form of the disease begins in young adulthood, has a relapsing-
remitting course, and often causes substantial neurologic disability over time (Compston and
Coles, 2008; Noseworthy et al., 2000). There are several treatments approved for relapsing-
remitting MS (RRMS), but none are ideal. Interferon-g (IFNB) has a good safety profile and
reduces relapse rate by 32% (Jacobs et al., 1996). Glatiramer acetate (GA) likewise is safe
for long-term use and reduces relapse rate by 29% (Ford et al., 2010; Johnson et al., 1995).
More recently developed treatments, such as natalizumab and fingolimod, may have better
efficacy but have safety concerns and side effects which limit their use.

As more agents have been tested in MS, it appears that no single therapy is likely to have the
desired combination of efficacy and safety. One reasonable approach to this problem is
combination therapy (Tullman and Lublin, 2005). The concurrent use of two effective drugs
with different mechanisms of action could have an additive or synergistic benefit without
additional side effects. IFNB and GA are an obvious choice for combination therapy, since
both have good safety, modest efficacy as monotherapy, and probable different mechanisms
of action.

An ideal study of a combination therapy should compare the combination to either drug as
monotherapy. It should also be randomized and blinded and have an adequate sample size
and duration to discern meaningful differences in the treatment groups. We report here the
design and baseline characteristics of such a study of the combination of IFNB and GA.
Future reports will correlate these baseline characteristics with the genetic studies,
biomarkers, and clinical course collected as part of this study.

2. Materials and methods

2.1 Study design

CombiRx is a 3-arm, randomized, double-blind, placebo-controlled, multi-center, Phase-I11
trial of combination therapy utilizing a partial 2x2 factorial design with a 2:1:1
randomization balance (Table 1). With the partial factorial design, there is no arm with no
active treatment. The monotherapy arms have a matched placebo injection. Participants were
followed for a minimum of 36 months and up to 7 years, if they continued into the extension
phase of the trial (Figure 1). The major inclusion and exclusion criteria are given in Table 2.
Diagnosis of MS was made according to the McDonald criteria (McDonald et al., 2001;
Polman et al., 2005). Participants had to have experienced 2 clinical relapses in the prior
three years or one clinical relapse with subsequent MRI activity.

2.2 Randomization

Eligible participants were randomized using a distributed Data Entry System (DES), where
the sites and participants were masked to the assigned treatment arm. Participants were
randomized to one of the three treatment arms in a 2:1:1 ratio (combination:single
agent:single agent) within site using a permuted block design, with block sizes of 4 or 8.
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2.3 Medications

All participants receive at least one active medication, and all participants take the same
number of injections. Interferon-pla is given 30 g intramuscularly once a week, and
glatiramer acetate is given at 20 mg subcutaneously daily. Matched placebo preparations
were provided for the active medications by their respective manufacturer.

2.4 Outcome Measures

The primary objective of the core study is to determine whether combined treatment is more
effective than either agent alone in treating RRMS, as determined by the number of relapses
during 36 months of follow up. The primary analysis will compare the relapse hazard rate
between the treatment groups using a Cox Proportional Hazards Model with Anderson-Gill
Modification. Secondary outcome measures include confirmed progression on the expanded
disability status scale (EDSS), change in the Multiple Sclerosis Functional Composite
(MSFC), and change in the MRI as measured by the Z4 composite (see below for
description) and measures of disease progression in the extension phase of the trial.

2.5 Relapse Definition

For this study, a protocol defined relapse is the appearance of a new symptom or worsening
of an old symptom, attributable to MS; accompanied by a change in the neurologic
examination (demonstrated by a 0.5 or greater increase in the EDSS or a 2 point change in
one functional system or a 1 point change on two functional systems, excluding bladder and
cognitive changes); lasting at least 24 hours in the absence of fever; preceded by stability or
improvement for at least 30 days; and confirmed by the examining physician within 7 days
of onset. Relapses meeting the above criteria but not seen within 7 days are non-protocol
defined relapses. Episodes which the treating physician felt were MS relapses but without a
change in the EDSS are defined as suspect relapses. Only protocol defined relapses are used
in the primary analysis.

2.6 Participant Assessments

After enrollment, participants return to clinic every 3 months for EDSS, MSFC, multiple
sclerosis quality of life index (MSQLI), and Rankin assessments. Patient care was directed
by the treating physician, and the EDSS was performed by the examining physician. Both
physicians were blinded to treatment assignment, and the examining physician was
instructed not to discuss treatment side effects. MRI was performed at entry and at months 6,
12, 24, and 36 and yearly through the extension (Figure 1). Low contrast visual acuity was
assessed using Low Contrast Sloan Letter charts with 100%, 2.5% and 1.25% contrast.

2.7 Study Management

The Clinical Coordinating Center (CCC) is located at the Mount Sinai School of Medicine,
The Corinne Goldsmith Dickinson Center for Multiple Sclerosis and is responsible for
overall study management including regulatory and finance. The Statistical and Data
Management Center (SDMC) is located at the University of Alabama at Birmingham,
School of Public Health, Department of Biostatistics and is responsible for design and
management of the case report forms, data entry system and data collection and analysis.
The MRI Analysis Center (MRI-AC) is located at the University of Texas Health Science
Center at Houston. All centers received local IRB or WIRB approval. Drug distribution and
participant supplies were managed by The Health and Human Services, Supply Service
Center (HHS SSC) in Perry Point, Maryland.
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2.8 MRI Acquisition and Analysis

MRI of the brain with and without contrast was acquired using a standardized protocol.
Imaging data from each site were sent to the MRI Analysis Center where semi-automated
processing was used to extract the enhancing lesion volume, the T2 lesion volume, T1
hypointense lesion volume, and normalized CSF. These four values were combined in a
composite Z score (Poonawalla et al., 2010; Wolinsky et al., 2000). The individual measures
were transformed into dimensionless values representing the number of standard deviations
from the mean and added together. This z-transformation allows meaningful combination of
measure with different units and values, and improves the correlation with EDSS.

2.9 Baseline Statistical Analysis

Summary statistics are presented as mean + SD, mean (median) and %, where applicable. A
repeated measures mixed model was used for comparison of MSFC components across
screening visits 1, 2, and baseline. P-values < 0.05 were considered meaningful. Analyses
were performed using JMP v8 and SAS v9.2 (Cary, NC).

2.10 Role of Funding Agency

The study was funded by the National Institutes of Health with medications and matched
placebos provided by Biogen Idec and Teva Pharmaceuticals. Design, analysis, and decision
to publish results are the responsibility of the CCC, SDMC, MRI-AC. Additional funding
was provided by the NINDS NIH Intramural Program for the Biomarker MS ancillary study
and the National Multiple Sclerosis Society for the Contrast Sensitivity ancillary project.
The trial is listed on www.clincaltrials.gov, NCT00211887.

3. Results

3.1 Screening & Enroliment

The CombiRXx trial began screening in January 2005 and closed enrollment in April 2009,
slightly exceeding planned enrollment of 1000 with 1008 randomized participants.
Recruitment was slower than anticipated, and was likely affected by competition from
multiple other studies in the target patient population and the approval of natalizumab.
During the maximum 45-day screening period, 1129 individuals were assessed for eligibility
(Figure 2). Of these, 953 were eligible and enrolled; with 172 initially failing screening.
CombiRx allowed for re-screening if the criterion initially excluding the individual could be
resolved, including stabilization of neurological symptoms with a minimum of 30-days
between the first and second screening assessment. Ongoing or new disease activity
accounted for 18% of the initial screening failures, 17% occurred in individuals who either
declined to participate or did not return for enrollment (unknown reason), and 12% did not
meet the disease activity criteria of 2 or more exacerbations in the prior 3 years. Of the 59
individuals who were rescreened, 55 were ultimately randomized with 29% stabilizing
disease activity, 24% due to a delay in the initial screening process exceeding the 45 day
window and 11% experiencing an additional relapse to qualify for the disease activity
requirement.

3.2 Baseline Characteristics

Out of the randomized participants (Table 3), 72.4% were female, 87.6% Caucasian, and
7.0% African American, with a mean age of 37.7 years. The majority of participants
(77.8%) met the Poser Criteria (Poser et al., 1983) for definite MS, with the remainder
(22.2%) meeting the McDonald Criteria (Table 4) (McDonald et al., 2001; Polman et al.,
2005). The majority of subjects had experienced 2 clinical attacks, with only 13% being
diagnosed on the basis of a single clinical event with subsequent MRI evidence of
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dissemination in time. The median number of relapses was 2, with a mean of 2.5. Only 9%
of participant had more than 3 relapses. The majority (97%) had experienced at least 1
relapse in the prior 12 months.

The exclusion of patients previously treated with either interferon or glatiramer acetate
ensured that the majority of subjects were newly diagnosed (Table 5). The majority of
participants (87%) were enrolled within 1 year of a clinical diagnosis with a median duration
of symptoms of 2 years. As expected for recently diagnosed MS, this cohort had minimal
disability; the mean EDSS score at screening median score of 2.0. The baseline averages
(meanzSD) for the MSFC components were 5.0+1.6 seconds for Timed 25 foot walk,
20.2+4.7 seconds for the 9-Hole Peg test and 49.9+10.4 correct answers out of a possible 60
on the 3 Second PASAT. In addition, participants had an average of 56.7% correct on the
100% Contrast Letter Acuity test, 38.7% at 2.5% contrast and 27.3% at 1.25% contrast. The
median Rankin Score at baseline was a 1, indicating “No significant disability despite
symptoms, able to carry out all usual duties and activities.” The majority of participants
(74.2%) were employed outside of the home, 11.0% were actively employed within the
home (self-employed/homemaker) and 6.3% were not employed due to MS.

To reduce the practice effect, each participant had 2 screening visits with assessment of the
MSFC before the baseline measurements. Small but significant practice effects were seen on
the 9-hole peg test and the 3 second PASAT, with minimal effect on the 25 foot timed walk
(Figure 3).

All participants had an MRI prior to study entry (Table 5). The average (median) total lesion
volume was 12.2 (7.5) ml, the T2 hyperintense lesion volume was 10.5 (6.4) ml, and the T1
hypointense lesion volume was 1.7 (0.8) ml. Forty percent of participants had gadolinium
enhancing (Gd) lesions at time of baseline MRI. For those with Gd lesions, the average
(median) number of lesions was 4.3 (3) with a volume of 0.3 (0.1) ml.

3.3 Family history

A significant number of participants, 24.7%, had a family member with MS and 3.3%
reported two or more affected relatives. The reported prevalence of MS in the mothers of
participants was 3.5%. For other relatives, 8.6% of subjects reported a cousin with MS,
3.8% reported a sibling with MS, 4.1% reported an affected aunt, and 1.9% reported an
affected uncle. These percentages are neither age-adjusted nor corrected for the number of
relatives at risk.

4. Discussion

We have successfully enrolled a large cohort of MS patients previously untreated with IFNB
or GA in an NIH funded trial. The patient population enrolled is representative of recently
diagnosed MS patients in North America, and is similar to that of recent large
pharmaceutical company sponsored studies of clinically isolated syndrome (CIS) (Comi et
al., 2009; Kappos et al., 2006) or RRMS (Mikol et al., 2008; O'Connor et al., 2009). The
mean age, disease duration, EDSS, and T2 lesion volume is slightly higher in this study
compared to the CIS groups and very similar to the RRMS trials. The percent with Gd
lesions on MR is similar to both CIS and RRMS and the proportions of Caucasians and
females are as expected. The results of this trial should be broadly applicable to early MS
patients and useful for treatment decisions in clinical practice.

The MSFC has been developed as an outcome measure for clinical trials in MS (Cutter et
al., 1999), and is included as one of our secondary endpoints. The MSFC is potentially more
responsive and less subjective than the EDSS, but there are marked practice effects with
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significant improvement over the first assessments. Trials using the MSFC have included
pre-baseline sessions to attenuate this practice effect, but the optimum number and
scheduling for these sessions has not been determined. This study included two screening
visits before baseline with the baseline visit occurring 7 to 45 days after the first screening
visit. We observed substantial improvement between the first and second screening visits,
with a smaller change between the second screening visit and baseline. The most noticeable
changes were in the PASAT. These findings are concordant with results reported in other
clinical trials (Cohen et al., 2008; Cohen et al., 2001).

The familial incidence reported here suggests these patients were drawn from a high risk
population. The 3.5% prevalence of MS in mothers of patients is very close to the 3.7% rate
reported in Canada, but is higher than the rate found in England or Australia (O'Gorman et
al., 2011; Robertson et al., 1996; Sadovnick et al., 1988). We did not record the ages and
total numbers of siblings and cousins, so the risk for those groups cannot be rigorously
compared to previous studies. Reasonable estimates for the unknown data support the
impression that the familial recurrence risk in this population is similar to that in Canada.

As the field of MS therapeutics evolves, it is possible that combination treatment will
become increasingly common. An ideal combination would utilize two drugs, each of which
is partially effective as monotherapy, with well-defined and complementary mechanisms of
action, an additive or synergistic effect on disease, and differing or minimal adverse effects.
The main attraction of combination treatment is the potential for increased efficacy,
particularly for a disease such as MS, where existing treatments are only partially effective.
The rationale for testing the combination of IFNB and GA was that both were partially
effective, safe, and they likely had differing mechanisms of action.

In addition to the potential for greater benefit, combination therapy has potential pitfalls.
The combination could cause an unexpected adverse effect or the two drugs could work
against each other. For example, it would not make sense to combine a treatment which
induces proliferation of regulatory leukocytes with a cytotoxic agent. In the CombiRx study,
the two agents have multiple suggested mechanisms by which they might benefit MS, and it
remains to be seen whether the combination will be additive, synergistic, or antagonistic.
The pilot trial suggested that the combination would be safe and not antagonistic (Lublin et
al., 2002), while in vitro and animal studies gave mixed results (Brod et al., 2000; Dhib-
Jalbut et al., 2002; Milo and Panitch, 1995).

In addition to concerns about the usefulness of combined IFNB and GA in RRMS, practical
barriers also exist. The requirement for two separate injection schedules can be problematic
for patients and the high cost of the drugs places a burden on patients and their insurance.
This type of study is very important to demonstrate if there is any added benefit and the
magnitude of that benefit.

For combination treatment to be worthwhile, the combination should be more effective than
either treatment given as monotherapy without a major increase in risk. The CombiRx study
includes patients on IFNB monotherapy, GA monotherapy, and combined IFNB and GA.
Many of the published studies of combination treatment in MS have only two groups—a
standard treatment and the standard treatment in combination with a second agent. Such
studies cannot be definitive, since it remains unknown whether the combination would be
better than the second agent as monotherapy. Such a study design would be justifiable for a
pilot study of a rescue therapy for active MS, but not for deciding optimum treatment for
recently diagnosed patients.

In summary, we have successfully designed and enrolled a rigorous study of the
combination of two of the existing first-line therapies for MS. This study was investigator
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initiated and managed, and NIH funded, with provision of medications by the
pharmaceutical companies. The results will be available in 2012, and are eagerly awaited.
The impact of this trial on clinical practice will depend on how the results of combination
therapy compare to other treatments developed since this study was designed. Although
efficacy and safety are our primary considerations when selecting therapy, the injection
schedule for combination treatment may be a barrier to patient acceptance when oral
treatments are available. Regardless of whether this particular combination proves
beneficial, this study will serve as a model for future combination studies. It is also a model
for future investigator driven studies of questions which are of great importance for MS
treatment, but which lie outside the interests of any single pharmaceutical company.
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Figure 1.

Study timeline and assessments
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Figure 2.

1129 Potentially eligible participants screened for study inclusion

|

176 Initial screen failures

32 - Pre-randomization exacerbation or exacerbation
within 30 days of screening

29 — Unknown / Patient decision

22 — <2 Exacerbations in prior 3 years

17 - Site error / Delay

17 — Abnormal lab value

13 — Inconclusive for MS / Not RRMS / Low or
atypical lesion load

12 — Other medical condition

9 — Prior medication use

7 — Likely non-compliant

7 = Unable to have MRI / Gd sensitivity
4 — Positive pregnancy test

3 — History of seizure

2 — Seek alternative treatment
2-EDSS>55

|

‘ 953 Eligible and randomized after first screening

|

55 eligible and randomized
after second screening
(resolved initial exclusion)

4 Second screen failure
Continued disease activity
EDSS > 5.5

Other medical condition
Abnormal lab value

‘ 121 Terminal screen failures |

‘ 1008 Randomized participants

Screened and randomized participants with reasons for screen failure
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Figure 3. MSFC components at screening and baseline visits
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screen 1

screen 2 baseline

There was consistent, significant improvement from screening visit 1 to baseline on both the
9-Hole Peg Test (p<0.0001) and the PASAT (p<0.0001) and the 25-foot timed walk was

significantly improved at baseline over screening visits 1 and 2 (p=0.0053).
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Table 1

Treatment combinations in CombiRx Primary Trial

Active IFNB Placebo IFNB
Active GA Arm 1 (500): Active IFNB + Active GA  Arm 2 (250): Active IFNB + Placebo GA

Placebo GA  Arm 3 (250): Active IFNB + Placebo GA NA
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Table 2

Major inclusion and exclusion criteria

Inclusion Criteria

Age 18 and 60 years, inclusive

Expanded Disability Status Scale (EDSS) score of 0 to 5.5, inclusive

Diagnosis of relapsing-remitting MS by either the Poser or McDonald criteria

Attl_east 2 exacerbations in the prior three years; one exacerbation may be an MRI change meeting the McDonald MRI criteria for dissemination
in time

Exclusion Criteria

Any prior use of interferon beta or glatiramer acetate

Acute exacerbation within 30 days of screening

Steroids for acute exacerbations (>100 mg/day) within 30 days of Screening Visit or chronic systemic steroid use
Evidence of progressive MS

1VIg, azathioprine, methotrexate, cyclosporine, mitoxantrone, cyclophosphamide, mycophenolate or plasma exchange in the twelve weeks prior
to study drug dosing or 4 aminopyridine in the four weeks prior to study dosing

Any previous treatment with natalizumab, cladribine, T cell vaccine, alemtuzumab, daclizumab, rituximab, altered peptide ligand or total
lymphoid irradiation

Any prior history of seizure or significant cardiac, hepatic, pulmonary, or renal disease; immune deficiency; or other serious medical conditions
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Demographics and Diagnosis

N %
Female 730 724
Caucasian 886 87.9
African American 73 7.2
Non-Hispanic 903 89.6
Mean+SD  Med (Min, Max)

Age (years)  37.7£9.7

37.0 (18-61)

BMI 28.746.9 27.4 (16.1-60.0)
N %
Poser Criteria 784 779
McDonald Criteria 224 221
2 or more clinical, 1 lesion 92 9.1
1 clinical, 2 or more lesions 81 8.0
1 clinical, 1 lesion 50 5.0
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Table 4

Baseline Disease, Clinical, and MRI Characteristics”

Mean+SD  Median (Min, Max)

Years since diagnosis
Years of symptom
Relapses prior 12 Months
Relapses prior 3 Years
EDSS

Rankin Score (1007)
MSFC (1000)
9 Hole Peg Test
Timed 25Foot Walk
PASAT-3
Contrast Letter Acuity (996), # correct
CLA 100%
CLA 2.50%
CLA 1.25%
MRI characteristics

Number T2 Lesions

Volume T2 Lesions®

Number Post Gd T1 Hypointense Lesions
Volume Post Gd T1 Hypointense Lesions
Burden of Disease (T2 + T1)

Number Gd Lesions, all subjectsd

Volume Gd Lesions®

Number (%) subjects with Gd Lesion

1.2+3.3
4.345.6
1.7+0.8
2.5%1.0
2.1%1.2

1.0+0.7

20.2+4.7
5.0+1.6
49.8+10.4

56.5+6.3
37.7x10.4
27.3+11.9

87.6+56.1
10.5+11.5

63.7+58.0
1.7+£2.2

12.2+13.2
1.7+4.2

0.3+0.5

399 (39.6)

0.0 (0-36)
2.0 (0-39)
2.0 (0-6)
2.0 (1-15)

2.0 (0-6.5)7
10(0-3)

19.1 (11.5-86.5)
47 (2.3-21.7)
53.0 (0-60)

59.0 (0-60)
39.0 (0-60)
29.0 (0-60)

71 (6-379)
6.4 (0.1-76.2)
44 (0-423)
0.9 (0-12.4)
7.5(0.1-87.4)
0 (0-41)

0.1 (0.002-4.3)

aN = 1008, unless noted

bTwo participants with protocol violation EDSS of 6 and 6.5 at entry

c .

all volumes are in ml
d -, . . -

1 participant received partial Gadolinium

€in subjects with Gd lesions
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