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List of abbreviations
	Abbreviation
	Meaning

	AE
	Adverse Event

	ALT
	Alanine Aminotransferase

	ARR
	Annualised Relapse Rate

	AST
	Aspartate Aminotransferase

	BAbs
	Binding Antibodies

	CCSI
	Company Core Safety Information

	CDMS
	Clinically Definite Multiple Sclerosis

	CI
	Confidence Interval

	CIS
	Clinically Isolated Syndrome

	CNS
	Central Nervous System

	CPMP/CHMP
	Committee for Medicinal Products for Human Use

	CSF
	Cerebrospinal Fluid

	CTCAE
	Common Toxicity Criteria Adverse Event

	CTR
	Clinical Trial Report

	CUA
	Combined Unique Active

	DB
	Double-Blind

	DMD
	Disease-Modifying Drug

	eCRF
	electronic Case Report Form

	EDSS
	Expanded Disability Status Scale

	EMA/EMEA
	European Medicines Agency

	EPAR
	European Public Assessment Report

	EWP
	Efficacy Working Party

	FBS
	Fetal Bovine Serum

	FLS
	Flu-Like Syndrome

	Gd
	Gadolinium

	HR
	Hazard Ratio

	HSA
	Human Serum Albumin

	IFN
	Interferon

	IMP
	Investigational Medicinal Product

	ITT
	Intent-To-Treat

	IV
	Intravenous

	KM
	Kaplan-Meier

	LOV
	Last Observed Value

	MedDRA
	Medical Dictionary for Regulatory Activities

	MRI
	Magnetic Resonance Imaging

	MS
	Multiple Sclerosis

	NAbs
	Neutralising Antibodies

	NU
	Neutralising Unit

	OL
	Open-Label

	ow
	Once weekly

	PE
	Point Estimate

	PP
	Per-Protocol

	RNF
	Rebif HSA-free formulation (Rebif New Formulation)

	RRMS
	Relapsing-Remitting Multiple Sclerosis

	SAE
	Serious Adverse Event

	SC
	Subcutaneously, subcutaneous

	SD
	Standard Deviation

	SE
	Standard Error

	SPMS
	Secondary Progressive Multiple Sclerosis

	TEAE
	Treatment-Emergent Adverse Event

	tiw
	Three times weekly

	WBC
	White Blood Cell


[bookmark: _Toc373928621][bookmark: _Toc351718900][bookmark: _Toc355338635]Clinical rationale
Multiple sclerosis (MS) is a relatively common neurological condition in young adults, in which plaques of demyelination develop in the central nervous system (CNS): the brain, spinal cord or optic nerve. Demyelination of the peripheral nervous system (PNS) does not occur in MS, and Rebif is not indicated for PNS demyelination – a point that should be clarified in the PI.
MS can be subdivided into a primary progressive form (primary progressive MS, or PPMS) and a relapsing remitting form (relapsing and remitting MS, RRMS). In the relapsing form, patients present with episodes of focal neurological deficit that eventually improve, but they subsequently develop new episodes and eventually most patients accumulate disability because of a combination of incomplete recovery from relapses and some background progression of disease between relapses; this is known as secondary progressive MS, or SPMS. Many SPMS patients reach a stage in which relapses are no longer identifiable and they then show continuous progression. Rebif is currently indicated for RRMS patients or SPMS patients with on-going relapses, but it should not be initiated in SPMS patients without relapses. RRMS and SPMS-with-relapses are sometimes grouped as ‘relapsing MS’.
A key feature of MS is that patients experience demyelinating CNS lesions that are disseminated in time and space. The term clinically isolated syndrome (CIS) refers to the situation in which a patient has had a bout of demyelination typical of MS, such as optic neuritis or transverse myelitis, but does not yet satisfy diagnostic criteria for MS because they have not shown dissemination in both time and space.
Early diagnostic criteria for MS required clinical dissemination in time and space: that is, separate episodes of demyelination leading to a focal neurological deficit at different times and due to involvement of different parts of the CNS. MS diagnosed by these criteria is usually called “Clinically Definite MS” (CDMS). More recently, MRI criteria have been included. Several MRI studies have revealed that many of the individual lesions of MS are clinically silent, and only ~10% of radiological lesions are clinically apparent at the time they occur. This partially reflects the fact that some lesions are mild, and signal transmission continues through the inflammatory plaque. More importantly, it reflects the fact that lesions are much more obvious when they affect functionally specialised regions of the brain, such as the optic nerve, and much less obvious in other areas. Lesions are relatively well tolerated when they merely remove a small portion of fibres from a much larger, diffuse structure, such as the corona radiata. Even lesions that are clinically silent on an individual basis, however, are likely to contribute to overall disability as the white matter tracts of the brain progressively lose bandwidth. Recent diagnostic criteria for MS have therefore allowed radiological lesions to be included when assessing the patient for dissemination of lesions in space and time (McDonald 2001, Polman 2005, Polman 2011), and this is known as “McDonald MS”.
Evidence has accumulated over many decades that MS has an inflammatory basis, and this is clearest for the RRMS form. This evidence includes: pathological analysis of plaques, which contain numerous lymphocytes; improvement in symptoms in response to immune suppression with steroids; and amelioration of the disease with a variety of immunomodulators including the beta interferons. All registered therapies for disease modulation in MS have an immune mechanism of action: these include the beta interferons, glatiramer acetate, natalizumab, fingolimod and cladribine.
There is also increasing evidence suggesting that early immune modulation is more effective than delayed treatment (Gold et al, 2010). In particular, for most of the established, first-line MS treatments, published studies have already shown that early treatment of CIS delays progression to multiple sclerosis. The two competing beta interferon products, Avonex and Betaferon, are already registered for this indication. Thus, there is a strong a priori case to be made that Rebif, administered after a CIS episode, would be expected to reduce the incidence of a second episode of demyelination, and hence reduce conversion to MS, as has already been demonstrated for the other beta interferons including Avonex, which is in many ways an IM form of Rebif.
[bookmark: _Toc373928622]Contents of the clinical dossier
[bookmark: _Toc373928623]Scope of the clinical dossier
This was a small submission, with a single pivotal study (IMP27025, published as the ‘REFLEX’ study) and one open label extension study (IMP28981).
The sponsor also submitted a number of relevant references relating to CIS and definitions of Clinically Definite Multiple Sclerosis (CDMS).
[bookmark: _Toc373928624]Paediatric data
The submission did not include any paediatric data and the pivotal study excluded subjects younger than 18. Given that MS is rare in children, this is reasonable. It is unlikely that adequate recruitment would ever occur in a CIS study in children. Clinicians looking after children with a single demyelinating event will have to decide to what extent the results in adult studies can be extrapolated to children.
[bookmark: _Toc373928625]Good clinical practice
[bookmark: _Toc241374282]The sponsor has declared that all studies were performed in agreement with accepted standards of Good Clinical Practice (GCP).
[bookmark: _Toc355338639][bookmark: _Toc373928626]Pharmacokinetics
[bookmark: _Ref271017296][bookmark: _Ref271018924][bookmark: _Ref271018934][bookmark: _Toc272414614][bookmark: _Toc290846238]No pharmacokinetic studies were submitted. The pharmacokinetic properties of Rebif have been adequately explored in previous submissions, but an assessment of that data is beyond the scope of this evaluation. The pharmacokinetic profile of Rebif is described in the approved PI as follows:
The pharmacokinetic and pharmacodynamic profiles of the Rebif HSA free formulation were investigated in Phase I Study 25827, a double blind, randomised, two period, crossover study in which 41 healthy subjects received single 44 µg doses of Rebif (containing Human Serum Albumin (HSA)) and the Rebif HSA free formulation. The geometric mean Cmax (17.1 IU/mL) and AUC (54.0 IU·h/mL) of the current formulation were approximately 70% higher than that of the previous formulation (10.2 IU/mL and 31.9 IU·h/mL, respectively). The median Tmax was 0.25 h (versus 0.33 h for the previous formulation). There was high inter patient variability in the pharmacokinetics of interferon beta-1a with both formulations. Bioequivalence was not demonstrated for PK parameters. However, in this study, both Rebif HSA and Rebif HSA free formulations were shown to be bioequivalent on the basis of two markers of biological activity, neopterin and beta-2 microglobulin.
The raw neopterin responses measured for Rebif HSA and Rebif HSA free formulations were similar. Median Tmax was 24 h after dosing for both formulations. Mean (± SD) Cmax was 42 ± 21 nmol/L for Rebif HSA free formulation, and 40 ± 19 nmol/L for Rebif HSA formulation. Mean AUClast were 3882 ± 1804 nmol·h/L for Rebif HSA free formulation and 3581 ± 1475 nmol·h/L for the Rebif HSA formulation.
The beta-2 microglobulin responses of Rebif HSA and Rebif HSA free formulations were similar. For both formulations the median Tmax was 48 h after administration. Mean Cmax was 3017 ± 597ng/mL for Rebif HSA free formulation, and 2970 ± 646 ng/mL for Rebif HSA formulation. Mean AUClast were 401 ± 67 μg·h/mL and 392 ± 70 μg·h/mL for the Rebif HSA free and Rebif HSA formulations, respectively.
[bookmark: _Toc373928627]Pharmacodynamics
No new pharmacodynamic studies were submitted. Given that MS plaques are relatively infrequent over the course of a year of treatment, the pharmacodynamic effects of treatment on disease risk can only be inferred indirectly. Endogenous immune compounds, such as neopterin and beta-2 microglobulin have been used as surrogate markers of pharmacodynamic activity, as described above.
The pivotal efficacy study included two dose groups, a 44 µg three times weekly (tiw) dose group and a 44 µg once weekly (ow) dose group. Endogenous markers of the biological activity of beta interferon suggest that the main effects of interferon therapy persist for 3-4 days after treatment, so once weekly dosing may leave the patient under treated for part of each week. For instance, Durelli (2004) writes:
“Evidence from pharmacokinetic and pharmacodynamic studies have [sic] shown that a single dose of beta interferon results in an increase in beta interferon activity in the serum within several hours of injection, reaching a maximum level after 12-18 h, followed by a gradual decrease to baseline within 48 hours following injection. Increases in BRM [biological response marker] levels reach a maximum after 24-36 hours, and return to baseline levels a further 48-96 h later.”
This could partially account for the weaker therapeutic effect of Rebif ow versus Rebif tiw in the submitted pivotal study.
[bookmark: _Toc373928628]Dosage selection for the pivotal studies
Underlying the treatment of CIS patients with immunomodulators is the notion that most of these patients have the same disease as patients diagnosed with MS; it is just that they have not yet had a second clinical event allowing the diagnosis of MS to be made. Thus, it would be expected that the dose used in MS would be suitable for CIS as well, and the pivotal study primarily sought to assess the standard Rebif dose of 44 µg tiw. For each of the other beta interferons, a similar approach was adopted, and the same dose has been registered for both indications (CIS and MS).
The sponsor also studied a low-dose once-weekly regimen (44 µg ow) in addition to the standard regimen (44 µg tiw). This was a reasonable approach, which tested the hypothesis that very early disease might be milder and require lower doses. Although the results subsequently showed that the low-dose regimen was inferior, there was a need to show that the full tiw regimen was necessary. There is a widespread belief amongst MS researchers, and increasing evidence, that early MS is more responsive to treatment than established MS (Rolf et al, 2010). Also, the low-dose regimen in this submission was broadly similar to the dose already registered for the competing product, Avonex – though the Avonex dose is even lower (30 µg ow). A once-weekly regimen would have been cheaper and would have been more attractive to patients than the three-times-weekly regimen, had it proven effective.
[bookmark: _Toc373928629]Clinical efficacy
Only one pivotal study was submitted for the new indication. Its open-label extension was also mentioned, but this extension is ongoing and the results were unavailable. Thus, the submission rests on a single study.
[bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274][bookmark: _Toc348083939][bookmark: _Toc373928630]Pivotal efficacy study, Study 27025, “REFLEX” (n=517)
[bookmark: _Toc348083940]Study design, objectives, locations and dates
The REFLEX study was a randomised, double-blind, placebo-controlled study carried out over two-years and involving 517 patients considered at risk of developing MS, due to a recently experienced isolated demyelinating event (CIS) of the CNS, consisting of optic neuritis, myelopathy or a brainstem syndrome.
Participants were randomised to receive Rebif 44 µg three times weekly (tiw), Rebif 44 µg once weekly (ow) or placebo as a subcutaneous injection for a period of two years (or up to the time when they experienced a second clinical attack leading to a diagnosis of CDMS or experienced progression defined by a sustained increase of at least 1·5 points in the EDSS, at which time they qualified for open-label Rebif treatment).
The primary endpoint was the time to progression to MS, as defined by the McDonald 2005 criteria. In practice this meant the development of a second clinical episode, a new MRI lesion, or progression of disability.
[bookmark: _Toc348083941]Inclusion and exclusion criteria
In broad terms, the study recruited adult patients of either sex with a single, first clinical event suggestive of MS within 60 days prior to randomisation. Subjects were required to have at least 2 clinically silent lesions on the T2-weighted MRI scan, with a size of at least 3 mm, at least one of which was ovoid or periventricular or infratentorial, and a disability score (EDSS) of ≤5.0. The defining clinical event had to be a new neurological abnormality present for at least 24 hours, and could be either mono- or polysymptomatic, other than paraesthesia, vegetative symptoms or cerebral dysfunction.
More specific inclusion and exclusion criteria are listed below. In most cases the criteria are obvious and commonsensical, aimed at recruiting patients who truly represented the target population with CIS, excluding those who already had MS, and minimising the risk of including patients with other neurological illnesses.
A couple of the inclusion and exclusion criteria are worthy of comment: exclusion of patients with <2 clinically silent MRI lesions, and exclusions based on the McDonald 2005 criteria for diagnosing MS. These are addressed below the lists of inclusion and exclusion criteria, below.
Inclusion criteria
Single, first clinical event suggestive of MS with an onset within 60 days prior to randomisation. The event had to be a new neurological abnormality present for at least 24 hours, either mono- or polysymptomatic, other than paraesthesia, vegetative symptoms or cerebral dysfunction.
At least two clinically silent lesions on the T2-weighted MRI scan, with a size of at least 3 mm, at least one of which was ovoid or periventricular or infratentorial.
EDSS 0-5 during the screening period.
Between 18 and 50 years old, inclusive.
Willing to follow study procedures.
If female, the patient had to be:
neither pregnant nor breast-feeding nor attempting to conceive; 
using a highly effective method of contraception.
Exclusion criteria
Diagnosis of Multiple Sclerosis (per McDonald criteria 2005).
Any other disease that could better explain the patient's signs and symptoms.
Complete transverse myelitis or bilateral optic neuritis.
Subject using or had used any other approved MS disease-modifying agent.
Subject had used any investigational drug or undergone any experimental procedure within 12 weeks prior to study day 1.
Oral or systemic corticosteroids or ACTH within 30 days prior to study day 1.
Subject has total bilirubin, aspartate aminotransferase (AST) or alanine aminotransferase (ALT) or alkaline phosphatase > 2.5 times the upper limit of normal values at both month 24 and previous visit.
Inadequate bone marrow reserve, defined as a total white blood cell count < 3.0 x 109/L, platelet count < 75 x 109/L, or haemoglobin < 100 g/L.
Current autoimmune disease (not counting the CIS).
Major medical or psychiatric illness (including history of severe depressive disorders and/or suicidal ideation) that in the opinion of the investigator creates undue risk to the subject or could affect compliance with the study protocol.
History of seizures not adequately controlled by treatment.
Cardiac disease, such as angina, congestive heart failure or arrhythmia.
Known allergy to IFN-beta or the excipients of the study medication.
Any condition that could interfere with the MRI evaluation.
Known allergy to gadolinium-DTPA.
Participated in any clinical trial within the past 6 months prior to study day 1.
Any immunomodulatory or immunosuppressive therapy at any time prior to study day 1, including: any interferon, glatiramer acetate, cyclophosphamide, cyclosporine, methotrexate, linomide, azathioprine, mitoxantrone, eriflunomide, laquinimod, cladribine, total lymphoid irradiation, anti-lymphocyte monoclonal antibody treatment (e.g. natalizumab, lemtuzumab/Campath, anti-CD4), IvIg, cytokines or anti-cytokine therapy.
Any experimental MS treatment prior to study day 1, including, but not limited to, any statins (if given to prevent MS) and pentoxyfilline.
History of alcohol or drug abuse.
Intolerance or any contraindication to both paracetamol (acetaminophen) and ibuprofen.
Inability to administer subcutaneous injections either by self or by caregiver.
Moderate to severe renal impairment.
[bookmark: _Toc348083942][bookmark: _Ref324496516]Requirement for ≥2 silent MRI lesions
The population of CIS subjects recruited to the pivotal study all had at least 2 cerebral MRI lesions. Subjects with only one MRI lesion, or no lesion, would be expected to have a lower risk of developing MS. It is unknown if Rebif is useful in subjects with ≤ 1 lesion, and the PI should reflect this.
[bookmark: _Ref329769050][bookmark: _Ref329769054][bookmark: _Toc348083943]Changes in McDonald criteria from 2005 to 2010
The McDonald criteria for diagnosing MS were first published in 2001; they have since been revised in 2005 and 2010 (McDonald 2001, Polman 2005, Polman 2011). In the sponsor’s submission and in this report, the term “McDonald MS” refers to the 2005 criteria unless the 2010 criteria are explicitly mentioned.
Some patients who would have been considered CIS patients according to old clinical criteria were (quite appropriately) excluded from the REFLEX study on the basis that they could already be diagnosed with MS by the newer MRI-based criteria. In particular, those with MS according to the McDonald 2005 criteria were explicitly excluded – these patients had already reached the primary endpoint.
After the study was already underway, further revisions of the McDonald criteria were agreed upon in 2010 and published in 2011 (Polman 2011). Both sets of criteria (2005 and 2010) allow the results of MRI scans to be used for demonstrating dissemination in time (DIT) and dissemination in space (DIS), but the 2010 criteria are more inclusive, implying that some subjects in REFLEX are likely to have had MS at baseline by the new criteria.
The key differences for demonstrating DIT are that the 2005 criteria required a contrast-enhancing lesion (Gadolinium-positive [Gd+] lesion) to be present at least 3 months after the initial event (with enhancement implying active inflammation and hence newness), or a new T2 lesion at least one month after the event (with newness demonstrated by comparison with an earlier scan). The 2010 criteria allow DIT to be inferred from any new lesion, regardless of MRI timing, or from a mix of contrast-enhancing and non-enhancing lesions within a single scan.
For demonstrating DIS, the main difference is that the 2005 criteria required combinations of lesions at various sites, and in most cases multiple lesions (3 periventricular lesions or 9 total lesions); this could be relaxed if a contrast-enhancing lesion was present. The 2010 criteria are much simpler: as long as at least 2 characteristic MS regions are involved (periventricular, juxtacortical, infrantentorial or spinal cord), a single lesion in each of the 2 involved regions suffices. A patient could therefore be diagnosed with MS from just 2 appropriate lesions.
The 2010 McDonald criteria were established after reviewing all of the literature on the 2005 criteria, and discussion with MS experts around the world (Tables 1-3). They almost certainly represent an improvement over the early criteria. They are even more sensitive in making a diagnosis of MS, without apparent loss of specificity (Polman et al, 2011). Because of this increased sensitivity, however, some patients accepted into the REFLEX study according to the 2005 criteria would have been rejected by the 2010 criteria on the basis that they could already be diagnosed with MS at baseline. In fact, the sponsor has estimated that about 38% of the study cohort already had MS by the 2010 criteria at the time of randomisation. This does not reflect a fault in the study, because the best available diagnostic criteria were used at the time, but it does mean that the target population studied in REFLEX no longer closely reflects the population to whom the new indication would apply, because clinicians will generally work from the new criteria.

Table 1: Magnetic Resonance Imaging criteria to demonstrate dissemination of lesions in time.
[image: Table 1: Magnetic Resonance Imaging criteria to demonstrate dissemination of lesions in time.]
Table 2: Magnetic Resonance Imaging criteria to demonstrate brain abnormality and demonstration of dissemination in space.
[image: Table 2: Magnetic Resonance Imaging criteria to demonstrate brain abnormality and demonstration of dissemination in space.]
Table 3: 2010 McDonald MRI criteria for demonstration of DIS (left) and for demonstration for DIT (right).
[image: Table 3: 2010 McDonald MRI criteria for demonstration of DIS (left) and for demonstration for DIT (right).]
Importantly, the same logic is likely to apply to the other interferons, which were registered for the CIS indication using old diagnostic criteria, so this is not a problem with Rebif in particular. Also, it confirms the notion that CIS and MS lie on a spectrum and that the distinction between them is somewhat arbitrary and prone to diagnostic shift – in which case, it is even more appropriate to treat CIS patients with medications known to be useful in MS.
From a purist perspective, though, the recent changes in the diagnostic criteria for MS (and hence for CIS) weaken the sponsor’s submission. It is already accepted that Rebif is effective in MS; if 38% of the purported CIS population in the pivotal study actually had MS at baseline (by 2010 criteria), then the apparent finding of efficacy in CIS could have come, in part, from the inclusion of MS patients in the CIS study cohort. These patients would already be eligible for Rebif treatment under existing indications, and would not need the new CIS indication. The relevant question is whether the remaining 62% of patients also stand to benefit from Rebif. This question could be addressed by a suitable sub-group analysis, but no such analysis was submitted.[footnoteRef:1] [1:  The sponsor has since submitted an appropriate subgroup analysis showing that benefit was obtained in CIS patients even when those with MS by the McDonald 2010 criteria were excluded.] 

[bookmark: _Toc348083944]MRI of the spinal cord
The submission made frequent reference to “MRI” without specifying what was scanned. In most cases, context made it clear that a cerebral MRI was performed but it remained unclear if a spinal MRI was also performed. The diagnosis of McDonald MS (by either 2005 or 2010 criteria) can be made by including spinal cord lesions, so it seems likely that all subjects had a spinal cord MRI at baseline and at regular intervals afterwards, along with their cerebral MRI; the sponsor should be asked to confirm this.[footnoteRef:2] [2:  The sponsor has subsequently indicated that spinal MRI was only performed if clinically indicated, so MRI monitoring was primarily restricted to cerebral MRI. The approach taken is consistent with routine neurological practice, and does not change the overall interpretation of the results.] 

[bookmark: _Toc348083945]Study treatments
Rebif 44 µg subcutaneously three times weekly
Rebif 44 µg subcutaneously once weekly
Placebo
Appropriate placebo injections were employed in the placebo group and the once-weekly Rebif group in an attempt to maintain blinding. After the development of CDMS, patients switched to standard, open-label Rebif 44 µg tiw, while keeping their initial treatment blinded.
In the active groups, patients received 20% of the full dose for 2 weeks, 50% for the next 2 weeks, and the full dose for the remainder of the study. This is a fairly standard approach aimed at improving tolerance.
Patients were also advised to take ibuprofen (400 mg) or paracetamol (1000 mg) prophylactically with each injection during the first 12 weeks of treatment, to minimise flu-like symptoms.
Short courses of corticosteroid treatment for MS relapses were permitted at the discretion of the treating physician.
[bookmark: _Toc348083946]Efficacy variables and outcomes
The primary efficacy variable was the time to diagnosis of MS by the McDonald 2005 criteria.
Additional major efficacy variables were:
Main Secondary Endpoint: Diagnosis of clinically definite MS (CDMS). This requires a second clinical event at a new CNS location, rather than accepting MRI lesions as evidence of disease activity.
Main MRI-based Secondary Endpoint: Number of combined unique active lesions (CUA lesions) on MRI. This is the combination of new or enhancing lesions on the MRI, per patient per scan, during double-blind treatment.
As discussed above, the McDonald criteria require demonstration of dissemination in space and time using a mix of clinical and MRI criteria. If a patient developed MS by having a second clinical event, they could be diagnosed with MS by the McDonald 2005 criteria and they could also be diagnosed with CDMS, reaching two main study endpoints at once. If they developed MS by satisfying an MRI criterion but not a clinical one, they reached the primary study endpoint but not the secondary endpoint of CDMS.
The primary efficacy outcome was the time to McDonald MS for the high-dose group vs placebo, using a log-rank test in the intent-to-treat (ITT) population. Given that there were three main efficacy variables (time to McDonald MS, time to CDMS and number of CUA lesions) and two active groups (high-dose and low-dose), a total of six major endpoints were examined in a hierarchical fashion: time to McDonald MS, time to CDMS, and number of CUA lesions for the high-dose group vs placebo, and then the same three endpoints for the low-dose group vs placebo. Lower-ranked endpoints in the hierarchy were only considered positive if the previous endpoints had achieved significance. This approach corrects for the presence of multiple endpoints.
Other efficacy outcomes included:
Other MRI-based lesion counts and lesion volumes
Annualised relapse rate
Proportion of subjects relapse-free
Change in EDSS
Change in MS Functional Composite (MSFC) and its components (Paced Auditory Serial Addition Test [PASAT], timed 25-foot walk, 9-hole peg test)
Mean improvement from baseline in the EQ-5D quality of life assessments
[bookmark: _Toc348083947]Randomisation and blinding
Randomisation to the three treatment arms was performed on a 1:1:1 basis with stratification for four factors known to affect prognosis:
Age (< 30 years, ≥ 30 years)
Classification of first clinical demyelinating event (monofocal, multifocal)
Steroid use at first clinical demyelinating event (yes, no)
Presence of at least 1 Gadolinium-enhancing lesion at baseline (yes, no)
Blinding in this study was threatened by the occurrence of characteristic Rebif side effects, including flu-like symptoms and injection-site reactions. An attempt was made to preserve blinding by using an independent, blinded “evaluating” physician who performed neurological exams but was not involved in patient care, an independent, blinded Adjudication Committee who assessed conversions to McDonald MS and to CDMS, and a central neuroradiology centre, blinded to treatment, who assessed all MRI scans. Neurological examinations were performed with the injection sites covered. The treating physician viewed clinical laboratory results and assessed AEs, but did not adjudicate on any if the important efficacy endpoints.
This design minimised the risk of unblinding, but it should be noted that the sponsor did not perform any formal assessment of unblinding, such as asking physicians to guess the patient’s treatment group or repeating the efficacy analysis in the subgroup of subjects without telltale side effects.
[bookmark: _Toc348083948]Analysis populations
The primary analysis population was the intent-to-treat (ITT) population, which included all randomised subjects (n=517). The sponsor repeated all major analyses on the per-protocol (PP) population, which consisted of all randomised subjects who did not have any major protocol deviations likely to interfere with assessment of the primary efficacy endpoint (conversion to McDonald MS) (n=458).
[bookmark: _Toc348083949]Sample size
Sample size requirements were based on observations of the BENEFIT study (Kappos et al, 2006), in which a similar population of CIS subjects were treated with interferon beta-1b (Betaferon).
It was estimated that a total of 450 subjects (150 per treatment group) would produce ~165 events (McDonald conversions) for the comparison RNF 44 µg tiw vs placebo after approximately 21 months of recruitment. This number of events was sufficient to provide 90% power using a 2-sided log-rank test at a 0.05 alpha-error for detecting a hazards ratio (HR) of 0.6 in the primary efficacy endpoint for the main comparison RNF 44 µg tiw vs placebo. This HR corresponded to 15% subjects being free of conversion over 24 months in the placebo group and 32% in the RNF 44 µg tiw group, a clinically worthwhile difference.
Allowing for withdrawals, the proposed sample size was increased to 480 subjects equally allocated to each of the 3 treatment groups (ie. 160 subjects per group), and this target was exceeded.
[bookmark: _Toc348083950]Statistical methods
For the primary efficacy endpoint, the primary analysis was a pair-wise comparison of the ITT treatment groups using a 2-sided stratified log-rank test at the 0.05 significance level: RNF 44 µg tiw vs placebo and RNF 44 µg ow vs placebo. (RNF 44 µg tiw vs RNF 44 µg ow was compared in an exploratory manner.) Stratification was performed using the same four prognostic factors that were used to stratify randomisation (age, unifocal vs multifocal disease, steroid use and contrast-enhancing [Gd+] lesions).
The probability of subjects developing McDonald MS in each treatment group was estimated with survival curves using the non-parametric Kaplan-Meier (KM) method.
The primary efficacy endpoint was also subjected to a secondary analysis to estimate the magnitude of the treatment effect in terms of the hazard ratio, using an adjusted Cox’s proportional hazards model. Adjustments were performed for the original four stratification factors.
The same analyses were also performed on the PP population, to confirm robustness of the primary analysis. 
[bookmark: _Toc348083951]Participant flow
[bookmark: _Toc348083952]Of the 517 randomised subjects, 448 (86.7%) completed the study; the other 69 subjects (13.3%) withdrew prematurely (10.9% in the 44 µg ow group and 14.6% in both placebo and 44 µg tiw groups). This is a relatively high completion rate for a study of this duration. All subjects entered the ITT analysis, even if they withdrew.
Major protocol violations/deviations
The number of protocol violations was acceptable overall, and a review of the individual reasons as shown in Table 4 did not suggest that the violations introduced any systemic bias to the study.
Table 4: 24 month analysis: subjects excluded from the PP population by reasons for exclusion (ITT population).
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[bookmark: _Toc348083953]Baseline data
The 517 subjects had a mean age of 30.7 years, a median EDSS score of 1.5, and 64.2% were female, in keeping with the known gender bias of CIS and MS. The mean time from onset of the first event to randomisation was 57.6 days.
The treatment groups were reasonably well balanced at baseline. Because this was a CIS study, they all had a disease duration limited to the qualifying event, and they were stratified in a manner that balanced prognostic factors. Considering the high-dose group, there was a very slight excess of subjects with a monofocal onset and a slightly lower portion of Gd+ lesions, which would improve the baseline prognosis of this group, but there was also a slight excess of patients with ≥9T2 lesions, which would worsen the prognosis of this group. These factors would be expected to balance out and they were also included the stratified analysis, so no important biases are expected on the basis of baseline characteristics.
These baseline characteristics appear to be typical of the target population, and resemble those observed in the BENEFIT Study, which assessed the competing product Betaferon in CIS (Kappos, 2006) (Table 5).
Table 5: Baseline demographics (ITT population; n = 517).
[image: Table 5: Baseline demographics (ITT population; n = 517).]
[bookmark: _Toc348083954]Results for the primary efficacy outcome, conversion to McDonald MS
Conversion to McDonald MS (using 2005 criteria) over the course of the study is shown for all three treatment groups in the Kaplan-Meier (KM) plot in Figure 1. The total number of subjects diagnosed with McDonald MS was 106/171 (62.0%), 129/175 (73.7%), and 144/171 (84.2%) in Rebif 44 µg tiw, 44 µg ow, and placebo groups, respectively. From the first MRI scan after randomisation, there was a clear separation of the curves with an excess of conversions to MS in the placebo group.
Figure 1: Time to conversion to McDonald MS: Kaplan-Meier cumulative incidence curves (ITT population; n = 517).
[image: Figure 1: Time to conversion to McDonald MS: Kaplan-Meier cumulative incidence curves (ITT population; n = 517).]
By the log-rank test, Rebif 44 µg tiw and 44 µg ow each delayed progression significantly compared to placebo (p<0.001 and p=0.008, respectively). In the adjusted proportional hazards model, the risk of progression was reduced by:
51% for Rebif 44 µg tiw compared to Placebo (HR = 0.49, 95% CI [0.38, 0.64])
31%for Rebif 44 µg ow compared to Placebo (HR = 0.69, 95% CI [0.54, 0.87])
The median time for conversion to McDonald MS was 97, 182, and 310 days in the Placebo, the Rebif 44 µg ow, and 44 µg tiw groups, respectively.
Additional methods of analysis, including a non-stratified log-rank test and a non-adjusted proportional hazards model, produced very similar results, adding confidence to the overall conclusions. 
The results in the PP population were also similar (Rebif 44 µg tiw vs placebo, p<0.001; Rebif 44 µg ow vs placebo p=0.017; Rebif 44 µg tiw versus Rebif 44 µg ow, p=0.030).
Note that the risk reduction cited in HR analysis relates to instantaneous hazard rates in at-risk patients, and it is not the same as the cumulative risk reduction over two years (partly because patients converting to MS early in the study are no longer at risk of conversion, and they are censored from that point onwards in the hazard analysis). The two-year risk reduction can be estimated from the difference in overall conversions: 62.0% in the 44 µg tiw group versus 84.2% in the placebo group, an absolute difference of 22.2%, which is 26.4% of the two-year placebo conversion rate. Using the stratified, adjusted model, the two-year probability of conversion was similar to the raw conversion rates (62.5% and 85.8% for the proposed dose and placebo, respectively, which gives an absolute risk reduction of 23.3% and a relative risk reduction of 27.1%). For patients and clinicians, this relative risk reduction of ~26-27% is likely to be more meaningful than the 51% cited in the analysis.
The hazard reduction of 51% observed with Rebif 44 µg tiw vs placebo is broadly comparable to that achieved with IFN-beta-1b sc vs placebo in the similarly designed BENEFIT study (46%, Kappos et al 2006). This suggests that the findings have external validity, though the BENEFIT study used a slightly different beta interferon preparation.
In clinical terms, this result is modest but worthwhile. Clinicians can tell patients that their absolute risk of progressing to MS in the first two years of treatment will be reduced by approximately 1 in 4 if they commence Rebif treatment. That is, given 5 patients with CIS and an MRI suggestive of MS, about 4 of them (84.2% or 85.8% by the model) would be expected to convert to McDonald MS without treatment, and Rebif would be expected to reduce this to about 3 (62.0% or 62.5% by the model) – the number needed to treat (NNT) to prevent one conversion over two years is therefore ~5. For most patients this is likely to offset the inconvenience of injections and the known side effects of beta interferons.
Comparisons between the tiw and ow Rebif groups were considered exploratory, but they support the proposed tiw dose. The KM curves show a clear benefit of tiw dosing, and this was statistically significant (p=0.009 by log-rank test). The HR for Rebif 44 µg tiw versus ow was also significant, with the 95%CI <1 (HR: 0.71; 95% CI: [0.54; 0.91]).
The overall results of the hazards model are shown in Table 6. In addition to randomised treatment, a number of other factors influenced the likelihood of progressing to McDonald MS, as expected. These included multifocal clinical disease and the presence of a Gd+ MRI lesion.
Table 6: 24 month analysis: time to conversion to McDonald MS – estimated Hazard Ratio – Adjusted Cox’s proportional hazards modelb for randomisation stratification factors (ITT population).
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[bookmark: _Toc348083955]Results for other efficacy outcomes
[bookmark: _Toc348083956]Conversion to CDMS
Conversion to clinically definite MS (diagnosed because of a second clinical episode) occurred at a slower rate than conversion to McDonald MS. Active treatment slowed the conversion rate, as shown in Figure 2. Over the course of the two-year study, this difference was statistically significant (p<0.001 and p=0.002 for the 44 µg tiw and 44 µg ow groups, respectively, compared to placebo). To visual inspection, a benefit of active treatment appears in the KM curve after about six months. For this endpoint, there was no apparent difference between the two active dose groups.
Figure 2: Time to conversion to CDMS: Kaplan-Meier cumulative incidence curves (ITT population; n = 517).
[image: Figure 2: Time to conversion to CDMS: Kaplan-Meier cumulative incidence curves (ITT population; n = 517).]
The hazard reduction ratios using the adjusted Cox’s proportional hazard model showed a significant hazard reduction for Rebif 44 µg tiw (HR: 0.48; 95% CI: [0.31; 0.73]) and Rebif 44 µg ow (HR=0.53; 95% CI: [0.35; 0.79]) relative to placebo.
As noted in discussion of the primary endpoint, these hazard reductions differ from the cumulative risk reduction over two years. The model-adjusted conversion rates to CDMS over two years were 21%, 22% and 38% in the 44 µg tiw group, 44 µg ow group and placebo group, respectively, giving an absolute risk reduction of 17% for the proposed tiw dose, and a relative risk reduction of 45%.
The fact that the study was positive for this clinical endpoint is generally reassuring, because the primary endpoint included radiological criteria that are in some ways merely surrogate markers for disease activity. It would be theoretically possible for an immune-modifying agent to alter the radiological appearance of MS plaques (say, by reducing oedema) without producing substantial benefit (by allowing myelin and axonal damage to continue independently of the epiphenomenon of oedema, for instance). While there is no evidence that such a radiological-clinical dissociation occurs in response to beta-interferon treatment, it is a common observation in neurological practice that the severity of scan changes and clinical changes may be discordant in individual patients. A treatment that merely improved scan appearances would not be worthwhile. Thus, although this endpoint was secondary in terms of the protocol, it has an importance equal to the primary endpoint.
As shown in Table 7, results for this secondary endpoint are broadly concordant with the primary endpoint, apart from the lack of an apparent dose-response relationship. The lack of a dose response is somewhat unexpected given the strong and statistically significant dose response seen for the primary endpoint. Given that this secondary endpoint was reached less often than the primary endpoint, the secondary endpoint may simply have been underpowered for the comparison between dose groups. Alternatively, there may be biological factors that cause radiological conversions to MS and clinical conversions to MS to have a different dose response. Other CIS studies, such as BENEFIT, did not employ a low-dose group, so the apparent lack of a dose-response relationship for CDMS, compared to McDonald MS, remains an isolated observation of unknown significance.
Table 7: Results for time to CDMS and time to McDonald MS (ITT population; n = 517).
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[bookmark: _Toc348083957]Combined unique active lesions
The main secondary MRI-based endpoint was the mean number of combined unique active lesions (CUA). MRI scans were performed at 3-monthly intervals and active lesions were counted using centralised, blinded neuroradiological experts. Active lesions included those that were new, enlarging or contrast-enhancing. These lesions represent a useful non-clinical surrogate for disease activity, with improved sensitivity over clinical relapses – it is estimated that only 10% of inflammatory plaques produce an obvious clinical correlate. On the other hand, as discussed previously, it would be theoretically possible for an agent to modify the radiological appearance of lesions in a way that provided little clinical benefit. This endpoint can therefore only be considered supportive.
The mean number of active lesions per subject per scan is shown in Table 8: there was a clear and significant reduction in lesion counts from 2.58 in the placebo group to 0.95 in the ow group and 0.50 in the tiw group. Comparisons between each active group and placebo, and between the two active groups, all showed a highly significant p-value (p<0.001) using an ANCOVA.
Table 8: Estimates for treatment effect on number of CUA lesions per subject per scan using adjusted negative binomial model (ITT population; n = 517).
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[bookmark: _Toc348083958]Minor efficacy endpoints
Most tertiary endpoints significantly favoured active treatment, as shown in the tables below. 
The sponsor analysed the relapse rate and the proportion of subjects who were free of “qualifying relapses”, where a qualifying relapse was defined as “a new or worsening neurological symptom, in the absence of fever, lasting for ≥ 24 hours, accompanied by an objective change in the relevant functional system, and preceded by at least 30 days of clinical stability or improvement”. Relapses that did not satisfy this definition – for instance, those that resolved before being assessed, or those that were purely symptomatic without objective signs on examination, were considered non-qualifying relapses.
As expected from the lower conversion rates to CDMS (diagnosed with the first qualifying relapse), a significantly greater proportion of subjects were free of qualifying relapses at the end of the two-year study period in the Rebif 44 µg tiw (70.2%) and ow (70.9%) groups than in the placebo group (53.8%) (Table 9). Withdrawing subjects were not counted as being relapse-free (worst-case imputation).
Table 9: 24 month analysis: qualifying relapse-free subjects during the whole study period (ITT population).
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(a) Censored = withdrew and did not have relapse status.
The annualised relapse rate (for qualifying relapses) was approximately halved by active treatment from 0.22 relapses/year to 0.12 relapses/year, without any apparent difference between active dose groups, as shown in Table 10. The direction and magnitude of this benefit is broadly comparable to the original study showing that beta interferon was useful in reducing relapse rate in MS (PRISMS, 1998) and a more recent study in early MS (SPECTRIMS, 2001) that failed to show prevention of progression with Rebif 44 µg tiw, but did show improvements in annualised relapse rate.
Table 10: Qualifying relapses during the whole study period (ITT population; n = 517).
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Disease progression, as quantified with the widely used Extended Disability Status Scale (EDSS), was delayed with active treatment. The study used a last-observed-value (LOV) approach in which the EDSS was recorded when the patient converted to CDMS (and hence qualified for open-label Rebif), or at the end of the 24 months if they failed to convert. This approach would tend to underestimate the magnitude of the treatment effect, because placebo recipients tended to reach CDMS earlier, and progression beyond this point was not captured. Nonetheless, there was a significant benefit with tiw Rebif treatment, by ANCOVA (p=0.011, Rebif tiw vs placebo). Placebo recipients showed a mean increase in EDSS (a deterioration of 0.14 points) while the high-dose group showed a mean reduction (an improvement of 0.09 points). The median change was zero in all groups, because most patients did not progress at this early stage of their illness (Table 11).
Table 11: 24 month analysis: change from baseline in EDSS score at LOVa during the DB period (ITT population).
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Progression was also assessed with the MS functional composite (MSFC), which is a performance-based assessment of neurological disability in 3 domains: upper limb function is assessed with the 9-hole peg test, lower limb function with a 25-ft timed walk, and cognitive function with a paced auditory serial addition test (PASAT). This score did not show a difference between groups; nor did the individual performance tests show a significant difference. Given that the patients had early disease and little disability, the failure of this test to show a treatment effect is not surprising.
Minor MRI endpoints (active T1 Gd+ lesions, new T2 lesions, new T1 hypointense lesions) also favoured active therapy, showing significantly less disease activity during double-blind treatment compared to placebo. The results for each of these minor endpoints are shown in Tables 12-14. For the proposed tiw dose, all comparisons versus placebo were associated with a p-value <0.001. The between-dose comparison (44 µg tiw vs 44 µg ow) was also statistically significant for all MRI parameters, in favour of the higher dose.
Table 12: 24 month analysis: number of new T2 lesions during the DB period – stratified non parametric ANCOVA (ITT population).
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Table 13: 24 month analysis: number of new T1 hypointense lesions during the DB period – stratified non parametric ANCOVA (ITT population).
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Table 14: 24 month analysis: number of new GD enhancing lesions during the DB period – stratified non parametric ANCOVA (ITT population).
[image: Table 14: 24 month analysis: number of new GD enhancing lesions during the DB period – stratified non parametric ANCOVA (ITT population).]
The sponsor also collected quality-of-life data using a validated questionnaire, the EQ-5D, but the groups were essentially similar, showing no major changes over the course of 24 months, and no difference with active treatment vs placebo. The median scores in all 3 groups at 24 months were the same (data not shown). This is not surprising given the very early stage of the disease.
[bookmark: _Toc348083959]Subgroup analyses
Subgroup analyses were performed based on the four pre-specified stratification factors: age, multifocal vs unifocal clinical disease, steroid use at disease onset, and the presence of Gd+ lesions on MRI. The sponsor also assessed subgroups based on gender and on the number of T2 lesions on MRI at baseline (<9 vs ≥9).
The subgroup analyses for the primary endpoint (McDonald MS) are shown in the table below. In all subgroups, the hazard ratio numerically favoured active treatment, even at the low, once-weekly dose. For the proposed tiw dose, the treatment effect was statistically significant in nearly every subgroup. The only exception was male gender, which was not one of the pre-specified stratification factors. In males, the hazard ratio was 0.71 in favour of active treatment, but the 95%CI crossed unity (0.46-1.08), as shown in Table 15. For females, the benefit appeared more pronounced: the hazard ratio was 0.44 with the 95%CI showing clear statistical significance (0.32 – 0.61).
Table 15: Analysis of the time to conversion to McDonald MS according to pre specified subgroups (ITT population; n = 517).
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The reasons behind the lack of significant benefit in males are unclear, but this subgroup was smaller than the female subgroup, and the study was not powered to address efficacy according to gender. The direction of the effect in males was at least favourable. Also, when a similar subgroup analysis was performed for the secondary endpoint (CDMS), as shown in the subsequent table, the hazard ratios in the two gender-based subgroups were numerically similar (males 0.53, females 0.46), suggesting a broadly consistent treatment effect in the two genders. For the secondary endpoint of CDMS, the 95%CI in the male subgroup crossed unity, but this subgroup was about half the size of the female subgroup, reducing the statistical power of the analysis.
Subgroup analysis for the secondary endpoint (CDMS) is shown in Table 16. This endpoint was reached less frequently than the primary endpoint, and the subgroup analysis was therefore underpowered. The direction of the treatment effect was favourable in every subgroup, but this did not always reach statistical significance.
Table 16: Analysis of the time to conversion to CDMS according to pre specified subgroups (ITT population; n = 517).
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[bookmark: _Toc348083960][bookmark: _Toc373928631][bookmark: _Toc290846276]Other efficacy studies
[bookmark: _Toc348083961]Extension study (REFLEXION, 28981)
The sponsor has designed an open-label extension study, which is still on-going. No interim results for this study were submitted. In the Clinical Overview, the sponsor described it as follows:
“To further explore the long-term benefits of early RNF treatment in subjects with a single demyelinating event, subjects who completed Study 27025 (REFLEX) were offered enrolment into a pre-planned double-blind extension study. The ongoing extension Study 28981 (REFLEXION) will examine subjects for a total observation period of 60 months after the start of treatment in Study 27025 (REFLEX). Relapses, neurological disability, safety, and immunogenicity will be evaluated, among other outcome variables, for both RNF 44 µg tiw and 44 µg ow. After 2 years in Study 27025 (REFLEX), subjects who had not converted to CDMS were switched to RNF 44 µg tiw at Month 24 in a double-blind manner if they were initially randomized to Placebo, and those initially randomised to the active treatment (RNF 44 µg tiw or 44 µg ow) continue with their treatment schedule.”
[bookmark: _Toc348083962]Previously published study of Rebif in CIS
The ETOMS study was not submitted but has been published previously. Comi et al (2001) recruited CIS patients with MRI scans suggestive of MS. (It is likely that some of them would have been diagnosed with MS by modern diagnostic criteria, given the increasing sensitivity of the McDonald 2005 and 2010 criteria.) They were randomised to a very low dose of Rebif (22 µg SC once weekly) or to placebo, and they were followed for two years to see if they developed CDMS. There was a narrowly significant treatment effect, as summarised in the abstract:
“241 (78%) of 308 randomised patients received study treatment for 2 years; 278 (90%) remained in the study until termination. 57 (85%) of 67 who stopped therapy did so after conversion to clinically definite multiple sclerosis. Fewer patients developed clinically definite multiple sclerosis in the interferon group than in the placebo group (52/154 [34%] vs 69/154 [45%]; p=0·047).”
By log-rank analysis, the p-value was slightly more significant (p=0.034) and to visual inspection the KM curves in Figure 3 showed a plausible treatment effect.
Figure 3: Kaplan-Meier survival curve of probability of no conversion to clinically definite multiple sclerosis (CDMS) over 2 years.
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This result adds to the external validity of the submitted study, in that it helps fill in the likely dose response curve for Rebif in CIS, showing that even this very low dose had some efficacy in preventing CDMS. Differences in cohorts across studies and changing definitions of MS mean that stronger conclusions cannot be drawn, and the ETOMS study should be considered exploratory. Most importantly, the relevance of the ETOMS study to CIS has been questioned because of the high lesion count in the study cohort. 
[bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290846281][bookmark: _Toc348083963][bookmark: _Toc373928632]Analyses performed across trials (pooled & meta analyses)
None applicable.
[bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290846282][bookmark: _Toc348083964][bookmark: _Toc373928633]Evaluator’s conclusions on clinical efficacy for Rebif in CIS
The submission rests on a single pivotal efficacy study. In the cohort studied, which included patients with a clinically isolated demyelinating syndrome and a Magnetic Resonance Imaging (MRI) scan suggestive of MS, Rebif reduced the development of MS, including radiologically defined (McDonald 2001 criteria) MS, which was the primary endpoint, and clinically defined MS (Clinically Definite MS, CDMS), which was the main secondary endpoint. There were also clear benefits on disease activity as measured with MRI. All of these treatment effects were statistically significant.
Over the course of the study, the total number of subjects diagnosed with McDonald MS was 106/171 (62.0%), 129/175 (73.7%), and 144/171 (84.2%) in the Rebif 44 µg tiw, 44 µg ow, and placebo groups, respectively. Using the stratified, adjusted model, the two year probability of conversion was similar to the raw conversion rates (62.5% and 85.8% for the proposed dose and placebo, respectively, which gives an absolute risk reduction of 23.3% and a relative risk reduction of 27.1%).
The model adjusted conversion rates to CDMS over two years were 21%, 22% and 38% in the 44 µg tiw group, 44 µg ow group and placebo group, respectively, giving an absolute risk reduction of 17% for the proposed tiw dose, and a relative risk reduction of 45%.
The mean number of active lesions per subject per MRI scan was reduced from 2.58 in the placebo group to 0.95 in the ow group and 0.50 in the tiw group.
In conclusion, Rebif shows worthwhile efficacy in this cohort of CIS patients. The only caveat is that the cohort studied included many patients who would be diagnosed with MS by more recent criteria, and it did not include any subjects with <2 cerebral MRI lesions. The efficacy of Rebif in the setting of milder CIS cases is therefore unclear.
[bookmark: _Toc373928634]Clinical safety
[bookmark: _Ref268776745]The only new study providing safety data was the pivotal efficacy study, ‘REFLEX’, in which the following safety data were collected:
General adverse events (AEs) were assessed by blinded treating clinicians during regular scheduled visits, unscheduled visits and hospital presentations.
AEs of particular interest, including those expected from the known tolerability profile of Rebif, were drawn from the main AE database. 
Laboratory tests, including routine haematological and biochemical monitoring (liver function tests and electrolytes), were performed at each visit. 
Serum samples for neutralising antibody surveillance (antibodies directed against beta interferon itself) were collected at baseline and at six monthly intervals; these were processed using standard methodology that distinguished between antibodies (Abs) that merely showed binding to beta interferon (Binding Abs, BAbs) and antibodies capable of neutralising the usual in vitro biological effects of beta interferon (Neutralising Abs, NAbs).
[bookmark: _Ref271195835][bookmark: _Ref271195841][bookmark: _Toc272414660][bookmark: _Toc290846285][bookmark: _Toc348083967][bookmark: _Toc373928635]Pivotal studies that assessed safety as a primary outcome
No studies were performed in which safety was the primary outcome measure.
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc348083968][bookmark: _Toc373928636]Patient exposure
Exposure in the pivotal study as shown in Tables 17-19 was fairly limited - as expected for a submission merely aimed at extending the existing indications for the drug. 
Table 17: Subject safety populations.
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Table 18: Exposure to DB treatment (DB Safety Population; n = 515).
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Table 19: Exposure to OL treatment (OL Safety Population; n = 120).
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The demographic characteristics of the pivotal study population are shown in Table 20. The target population for the CIS indication closely resembles the population of early MS patients for whom the drug is already indicated. In effect, it is the same population considered 1-2 years earlier; they would be expected to be slightly younger and have less disability, factors which might be expected to improve tolerability.
Table 20: Demographic characteristics: DB Safety Population (n = 515).
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[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc348083969][bookmark: _Toc373928637]Adverse events
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc348083970]All adverse events
Treatment-emergent adverse events (TEAEs) are summarised in Tables 21-22. AEs were common in all groups (placebo 78.4%, Rebif ow 91.3%, Rebif tiw 87.1%), with a mild excess in both active groups relative to placebo (12.9% attributable incidence in the ow group, and 8.7% in the tiw group). When placebo recipients converted to open-label (OL) Rebif treatment, they experienced an excess of TEAEs compared to subjects already habituated to Rebif (Table 22). 
Table 21: Overview of incidence of TEAEs during the DB Treatment Period (DB Safety Population; n = 515).
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Table 22: Overview of incidence of TEAEs during the OL Treatment Period (OL Safety Population; n = 120).
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The most common TEAEs were those expected from the many years of Rebif usage in the MS population. Influenza-like illness, injection-site erythema and pyrexia showed an excess with active treatment, as shown in the table below (Table 23). Other common AEs were those expected in any population studied for two years, and included headache, nasopharyngitis and upper respiratory tract infection; these did not show an excess with active treatment. (Note that the table below only shows TEAEs with an incidence of at least 10%).
Table 23: Incidence of most common TEAEs (reported by 10% or more of subjects) during the DB treatment period by MedDRA preferred term (DB Safety Population; n = 515).
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[bookmark: InfluenzaLikeIllness]Interestingly, some of the immune-mediated symptoms, including influenza-like illness (ILI) and pyrexia, were more common in the once-weekly group than the thrice-weekly group, indicating that constant levels of immune modulation and stable cytokine levels may produce better tolerance than intermittent therapy once per week. The absolute excess of ILI in the once-weekly group was 16.1%, relative to the tiw group (70.5% vs 54.4%), which seems unlikely to be due to chance alone, though the sponsor did not subject this result to statistical analysis. The incidence of ILI in both active groups was in clear excess of ILI in the placebo group (19.9%). The incidence of ILI might have been even higher if subjects had not received the usual advice to take anti-inflammatory agents (ibuprofen 400mg or paracetamol 1000mg) prophylactically in the first 12 weeks of treatment.
Injection site erythema was much more common with active treatment, as expected. This is likely to have led to some unblinding of the Treating Physician, but the protocol specified that efficacy endpoints were to be assessed by an Evaluating Physician who was not involved in the treatment of the patients and did not discuss side effects with the patients. Injection sites were covered with clothing prior to assessment by the Evaluating Physician. These measures are likely to have limited the extent of unblinding, but the sponsor did not perform any checks on the adequacy of unblinding (such as performing subgroup analyses excluding those with injection site reactions, or asking physicians to guess treatment assignment).
When patients switched to open-label Rebif, there was an excess of ILI in subjects who had been treatment naïve (previously receiving placebo) (Table 24). To some extent, this is likely to represent tolerance in the active groups, and is in keeping with the long-standing clinical observation that patients on beta interferon usually develop tolerance with continued use. Also, this AE may have been under-reported in the open-label phase by patients who had already reported it during double-blind therapy, because they and their clinicians may have considered the matter already documented.
Table 24: Incidence of most common TEAEs (reported by 10% or more of subjects) during the OL treatment period by MedDRA preferred term (OL Safety Population; n = 120).
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[bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303][bookmark: _Toc348083971]Treatment-related adverse events (adverse drug reactions)
Investigators in the pivotal study were asked to indicate whether they thought AEs were related to treatment, as is standard practice in placebo-controlled trials. In general, this is an unreliable method of assessing causality, because investigators may be less likely to ascribe causation to study drug for idiosyncratic or unexpected AEs, those that mimic natural disease processes, or those without an obvious temporal relation to treatment. In this study, however, clinicians were already familiar with the AE profile of Rebif and identified a clear excess of apparently drug-related AEs in the active groups: drug-related AEs were mistakenly identified in some placebo recipients (43.3%), but were much more commonly identified in recipients of the Rebif ow (81.5%) or the Rebif tiw dose (77.8%), as shown above. The attributable incidence of drug-related AEs was therefore 38.2% and 34.5% in the ow and tiw groups, respectively.
[bookmark: _Toc348083972]Pre-specified AEs of interest
Based on the extensive post-marketing experience with Rebif, the sponsor flagged a number of AE categories of special interest, including: cytopaenias, depression and suicidal ideation, flu-like syndrome, hepatic disorders, injection site reactions, skin rashes and thyroid disorders. These are shown in the multipage tables below (Table 25 for the double-blind period and Table 26 for the open-label period).
Cytopenias were more common with active treatment, especially neutropaenia or leukopaenia, and showed a dose-response relationship. This reflects the immunomodulatory action of Rebif. Hepatic and thyroid disorders were also more common with active treatment, but in most cases consisted of mild changes in blood tests that are commonly observed with beta interferon and usually settle with continued treatment.
Interestingly, pooled terms related to depression and suicidal ideation were not more common in the tiw Rebif group than the placebo group (8.2% in each); “depression” was slightly more common in the thrice-weekly group but “depressed mood” was only reported in the placebo group. No suicidal ideation or suicide occurred in any group.
Influenza-like symptoms have already been discussed.
Hypersensitivity terms were more frequently reported with tiw active treatment, as shown in the table below, but some of this excess was due to “erythema” which may reflect injection-site reactions despite the fact that injection-site erythema was listed as a separate term. The same applies to pooled dermatological reactions, which also included the term “erythema”. The once-weekly group had a lower incidence of hypersensitivity reactions and dermatological reactions than the placebo group.
Injection-site reactions were substantially more common in the active groups (35.7%, 24.3% and 7.0% in the tiw, ow and placebo groups, respectively), but most of this was due to injection-site erythema (seen in 29.2% of the tiw group and 19.7% of the ow group, but only 1.8% of the placebo group. Other reactions in the tiw group consisted of haematoma (4.7%) and local pain (4.7%).
Table 25: Overview of the incidence of pre-specified AEs during the DB Treatment Period (DB Safety Population; n = 515).
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Table 25 (continued): Overview of the incidence of pre-specified AEs during the DB Treatment Period (DB Safety Population; n = 515).
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Table 26: Incidence of pre-specified TEAEs during the OL treatment period by pre-specified group and MedDRA preferred term (OL Safety Population; n = 120).
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Table 27: 24 month analysis: incidence rate of TEAEs – during the DB treatment period leading to death by MedDRA primary System Organ Class and Preferred Term (DB Safety Population).
[image: Table 27: 24 month analysis: incidence rate of TEAEs – during the DB treatment period leading to death by MedDRA primary System Organ Class and Preferred Term (DB Safety Population).]
[bookmark: _Toc348083973][bookmark: _Toc348083975]Deaths and other serious adverse events
[bookmark: _Toc348083974]Deaths
Two deaths occurred in the pivotal study. Both occurred in placebo recipients, and appeared causally unrelated to involvement in the study. One subject died of severe pancreatitis on a background of pre-existing cholelithiasis. The other subject had a glioblastoma diagnosed in the double-blind period but present, in retrospect, at baseline; the tumour was visible on the pre-treatment scans. This subject suffered a fatal hematoma following surgery for subtotal excision of the tumour.
Severe and serious adverse events
AEs rated as severe were observed in all three treatment group (9, 8, and 11 subjects in the placebo, ow, and tiw groups, respectively). The sponsor listed these events as follows (Summary of Clinical Safety):
“In the Placebo group, the 12 severe AEs reported by 9 subjects were headache (n=3), paresthesia, (n=1), tension headache (n=1), pancreatic necrosis (n=1), anxiety (n=1), post-procedural hematoma (n=1) unstable angina (n=1), cholelithiasis (n=1), hypertriglyceridemia (n=1) and spontaneous abortion (n=1). 
In the RNF 44 µg ow group, the 10 severe AEs reported by 8 subjects include: headache (n=2), alanine aminotransferase (ALT) increase (n=2) migraine with aura (n=1) influenza like illness (n=1), injection site edema (n=1), periostitis (n=1) neutropenia (n=1), and hepatic pain (n=1). 
In the RNF 44 µg tiw group, the 13 severe AEs reported by 11 subjects include influenza like illness (n=2), injection site papule (n=1), appendicitis (n=2), headache (n=5), tonic convulsion (n=1), gastritis (n=1), and acute myocardial infarction (n=1).”
No new concerns are raised by this listing, although in some cases it seems highly likely that Rebif played a causal role, as in the cases of severe influenza-like illness.
Non-fatal serious adverse events (SAEs) were reported in 12, 8 and 6 subjects in the placebo, ow and tiw treatment groups, respectively. The events are in Table 28.
In most cases, these SAEs were not considered related to study drug, and a review of the individual study narratives raised no particular concerns. SAEs rated as “possibly” related to treatment were:
varicella in a subject receiving Rebif 44 µg ow
1 spontaneous abortion in a placebo recipient
1 spontaneous abortion in a subject receiving Rebif 44 µg ow.
Table 28: 24 month analysis: incidence rate of serious TEAEs – during the DB treatment period by MedDRA primary System Organ Class and Preferred Term (DB Safety Population).
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[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc348083976]Discontinuation due to adverse events
Discontinuations due to AEs occurred in 6 placebo recipients (3.5%), 4 subjects in the Rebif 44 µg ow group (2.3%), and 5 in the Rebif 44 µg tiw treatment group (2.9%). A review of the withdrawals in the Rebif groups raised no new concerns; the main reasons for withdrawing were flu-like syndrome, abnormal liver function tests and depression.
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306][bookmark: _Ref332539997][bookmark: _Ref332540014][bookmark: _Toc348083977][bookmark: _Toc373928638]Laboratory tests
[bookmark: _Toc348083978]Biochemistry
The incidence of abnormal post-baseline biochemistry results is shown in Table 29. The totals listed after ‘Post Baseline Value Available’ refer to all subjects with a post-baseline value available (without regard to baseline values), whereas those listed after ‘Any Status’ refer to the subjects with an abnormal post-baseline value (again, without regard to baseline values). The subsequent rows for each test of interest (<LLN, LLN-<ULN, >ULN) show the results for subjects with at least one abnormal post-baseline value, but subdivided according to the baseline results. The line ‘Missing’ refers to missing baseline values, whereas ‘(missing)’ refers to missing post-baseline values.
Table 29: 24 month analysis: biochemistry laboratory parameters – at least one post-baseline value outside safety range during the DB treatment period (DB Safety Population).
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Table 29 (continued): 24 month analysis: biochemistry laboratory parameters – at least one post-baseline value outside safety range during the DB treatment period (DB Safety Population).[image: Table 29 (continued): 24 month analysis: biochemistry laboratory parameters – at least one post-baseline value outside safety range during the DB treatment period (DB Safety Population).]
Overall, biochemical abnormalities were infrequent, and were similar in the placebo and Rebif groups for most parameters, with the exception of abnormal liver enzymes, discussed below.
[bookmark: _Toc272414669][bookmark: _Toc290846307][bookmark: _Toc348083979]Liver function
Rebif, like other beta interferons, is known (from the original pivotal trials and post-marketing experience) to produce mild and reversible abnormalities in liver function tests. The new pivotal study in CIS confirms this. In the tiw group, abnormal ALT values were seen in 61% of those with normal baseline AST, compared to 33% of the once-weekly group and 21% of the placebo group (Table 29).
Table 30: 24 month analysis: selected biochemistry laboratory parameters – worst post-baseline CTCAE grade during the DB period (DB Safety Population).
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[bookmark: _Toc272414671][bookmark: _Toc290846309][bookmark: _Toc348083980]There was an excess of Grade 1, Grade 2 and Grade 3 abnormalities of AST and ALT in the active groups, and an excess of Grade 1 and Grade 2 bilirubin abnormalities. The AST and ALT abnormalities showed a dose trend, being more prominent with tiw dosing (see the table above, Table 30).
Clinically significant hepatic disease is rare with Rebif treatment, however, and the only Grade 4 abnormality observed in the CIS study was a single case of elevated ALT in a recipient of 44 µg tiw.
The PI recommends regular biochemistry checks on Rebif recipients, including liver function tests, and this advice remains appropriate.
Endocrine function
The post-marketing experience of Rebif has demonstrated that its use may be associated with thyroid abnormalities. The PI recommends testing at baseline, and then repeat testing every 6-12 months if the baseline tests are abnormal or there is clinical suspicion of thyroid dysfunction. This advice remans appropriate. Abnormal thyroid function results were more common with active treatment (Table 31).
Table 31: 24 month analysis: endocrinology laboratory parameters – at least one post-baseline value outside safety range during the DB treatment period (DB Safety Population).
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[bookmark: _Toc272414672][bookmark: _Toc290846310][bookmark: _Ref332539941][bookmark: _Ref332539946][bookmark: _Toc348083981]Haematology
Rebif therapy may produce cytopaenias, though these are rarely of clinical significance. Table 32 shows the incidence of abnormalities of blood counts in the new CIS study, which is consistent with the original pivotal studies and the previous post-marketing experience of Rebif. Neutropaenia and lymphopaenia were more common with active treatment, especially with the tiw regimen. The PI already contains appropriate recommendations to perform regular full blood counts.
Table 32: 24 month analysis: selected haematology laboratory parameters – worst post-baseline CTCAE grade during DB period (DB Safety Population).
[image: Table 32: 24 month analysis: selected haematology laboratory parameters – worst post-baseline CTCAE grade during DB period (DB Safety Population).]
[bookmark: _Toc348083982]Neutralising antibodies
Because Rebif is a protein product, it is potentially antigenic; the fact that Rebif closely resembles an endogenous immune compound limits this reaction in most subjects, and Rebif is generally accepted as being less antigenic than Betaferon (interferon beta 1b).
Generally, the development of neutralising antibodies in a beta interferon recipient raises concerns about efficacy rather than safety. The antibodies bind to the administered treatment, potentially rendering it less effective. Not all antibodies persist, however, and it is not widely accepted that NAbs have a major effect on the efficacy of interferons. For instance, in the BENEFIT study, NAb positive patients did not show reduced efficacy (Kappos et al, 2006).
Results for NAb assays in the pivotal study are shown in Tables 33-35. Persistent antibody positivity was uncommon, affecting 11-13% of the subjects receiving active treatment. For subjects receiving the proposed tiw dose, 25 (14.8%) were NAb-positive at the last observed value of the study period. A slightly higher proportion (15.4%) were positive at any time during the 24 months. Results in the low-dose group were similar.
This result is broadly consistent with a previous Phase IIIb study in patients with relapsing multiple sclerosis treated with Rebif (RNF 44 µg tiw): 17.4% of the subjects were NAb-positive at week 96 or at the last assessment (Giovannoni, 2009). It also compares favourably to results observed in the similarly designed BENEFIT study (Kappos et al, 2006), where neutralizing activity was detected at least once in 75 of 251 subjects (29.9%) receiving the competing product Betaferon (interferon beta-1b) for two years.
It would have been of some interest to see a subgroup analysis involving NAb+ vs NAb- patients in the submitted study (as was performed in the BENEFIT study) but this analysis would have been underpowered. Overall, this study does not help to resolve controversies about the role of antibody monitoring in interferon recipients, but it does suggest that NAbs are no more likely to be a problem with CIS patients than is already the case with MS patients. If NAbs compromised efficacy in this study, that is already factored in to the observed efficacy results. Significant safety issues related to NAbs did not arise.
Table 33: Neutralising antibody and binding antibody status during the whole study period (DB Safety Population; n = 515).
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Table 34: Neutralising antibody and binding antibody status at end of the DB period (DB Safety Population; n = 515).
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Table 35: NAb and BAb development over time during the whole study period (DB Safety Population; n = 515).
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[bookmark: _Toc272414675][bookmark: _Toc290846313][bookmark: _Toc348083983]Electrocardiograph
Rebif treatment is not known to be associated with abnormalities of cardiac conduction, and no new information was provided.
[bookmark: _Toc272414676][bookmark: _Toc290846314][bookmark: _Toc348083984]Vital signs
AEs related to abnormalities of vital signs were similar in the placebo and active groups. Fever may occur as part of the influenza-like reaction to beta interferons, but this is usually short-lived and would have occurred at home if the patients dosed in the evening.
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc348083985][bookmark: _Toc373928639]Post-marketing experience
Rebif has been used as a disease-modifying agent in MS for several years throughout the world, since it was first launched in 1998, and its safety profile is therefore well established. Its use is associated with several tolerability issues, but no major safety concerns.
With regard to the post-marketing data, the sponsor writes:
“Extensive post-marketing safety data is available for Rebif/RNF, regardless of its formulation, with a cumulative patient exposure in the post-marketing setting, since its first launch in 1998 up to end of October 2010, estimated to 839,084 patient-years. RNF was first launched in September 2007, and has now replaced the old formulation of Rebif in more than 70 countries. The cumulative exposure to RNF, estimated from its sales figures, approximates 155,000 patient-years, as of end of October 2010.
The cumulative safety data of Rebif are regularly reviewed and presented in 6-monthly Periodic Safety Reports (PSURs). The safety data presented in the latest PSUR (covering the review period from 04-May-2010 and 03-Nov-2010 (PSUR23)) indicated that the benefit-risk balance of Rebif remains positive.”
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc348083986][bookmark: _Toc373928640]Safety issues with the potential for major regulatory impact
The safety and tolerability profile in the submitted study is in keeping with the known profile of this drug, which is already in widespread use for the treatment of MS. No major safety concerns with the potential for regulatory impact have been identified during post-marketing surveillance for Rebif, and the new indication does not involve a group more susceptible to serious side effects. If approved, the proposed indication would merely expose eligible patients to the drug 1-2 years earlier than they would have qualified for the drug anyway.
[bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290846324][bookmark: _Toc348083987][bookmark: _Toc373928641]Other safety issues
[bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290846325][bookmark: _Toc348083988]Safety in special populations
The safety of beta interferons in children is generally undefined. MS is rare in children and this population has been excluded from efficacy and safety studies; adequately powered studies are unlikely to be performed in children at any stage. The proposed CIS indication is no different in this regard than the current MS indication.
There is somewhat better data in older MS patients, because of post-marketing surveillance, but this point was not specifically addressed in the sponsor’s safety analysis. MS and CIS are relatively unlikely to develop for the first time in a geriatric population, as MS is primarily a disease of young and middle-aged adults. MS patients often survive into the geriatric age group, but there has been no indication in post-marketing surveillance that this group is particularly prone to toxicity from Rebif or other beta interferons. Given that the proposed indication relates to earlier use of Rebif, it does not raise any new safety concerns in the geriatric population.
[bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290846326][bookmark: _Toc348083989]Safety related to drug-drug interactions and other interactions
Corticosteroids are often given to Rebif recipients, and no specific safety concerns have arisen from this widespread practice. Steroids were used in the CIS study at the discretion of the treating physician, so the safety data considered above already factors in the occasional use of steroids. Patients also used antidepressants and oral contraceptives as needed, with no apparent problems (though the incidence of AEs with various combinations was not formally analysed).
The safety of combining beta interferons with other immunomodulators or disease-modifying agents is unclear. It remains possible that synergistic efficacy or synergistic toxicity could occur. Such combinations should generally not be employed without adequate evidence from combination trials.
 The PI also points out that interferons can interact with hepatic enzyme systems, as follows:
“However, interferons have been reported in the literature to reduce the activity of hepatic cytochrome P450-dependent enzymes in humans and animals. Exploratory results from a study in 8 normal volunteers on the effect of REBIF on the CYP450 system showed an effect on CYP1A2 only, however this study was of limited power. The effect of interferon beta on the CYP450 system suggests a down-regulation of CYP1A1 and CYP1A2 in rats and of CYP1A1, CYP2B1 and CYP3A and total hepatic cytochrome P450 in mice. Caution should be exercised when administering REBIF in combination with medicinal products that have a narrow therapeutic index and/or are dependent on the hepatic cytochrome P450 system for clearance, for example:
antiepileptics, which may include phenytoin, carbamazepine, sodium valproate, benzodiazepines (such as clonazepam); and
some classes of antidepressants, which may include MAOI, SSRIs, tricyclic antidepressants, etc.”
This advice remains appropriate. The new CIS submission did not provide any further relevant information on the potential for these interactions.
Pharmacodynamic interactions with non-immunomodulating drugs have not caused specific concerns, though it would be expected that drugs causing fatigue, such as CNS depressants used to treat spasm, might produce additive effects on fatigue with beta interferons. Clinicians treating MS patients are in the best position to monitor the tolerability of such combinations and make changes as needed.
No new data was submitted that would clarify these issues. The proposed CIS indication does not pose any new risks that are not already inherent in the existing indications.
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc348083990][bookmark: _Toc373928642]Evaluator’s overall conclusions on clinical safety
Rebif is already familiar to neurologists treating MS, and its proposed use in CIS does not pose any new safety issues. The drug has some tolerability issues, including an influenza like syndrome, mood disturbances, fatigue, spasm, and injection site reactions, but it is generally safe. Its use is associated with an increased incidence of abnormal liver function tests and thyroid abnormalities. Some patients may develop antibodies to the product, but hypersensitivity reactions are relatively rare; it remains unclear whether these antibodies have a significant effect on efficacy.
[bookmark: _Toc373928643]First round benefit-risk assessment
[bookmark: _Toc373928644]First round assessment of benefits
The benefits of Rebif in the proposed CIS usage are:
· A reduced incidence of progression to radiologically defined MS (MS by McDonald 2005 criteria). The cumulative risk of conversion over the study was 62.0%, 73.7% and 84.2% in the Rebif 44 µg tiw, 44 µg ow, and placebo groups, respectively. (In the adjusted model, the risk of conversion was 62.5% with the proposed tiw dose and 85.8% with placebo. In the adjusted proportional hazards model, the instantaneous risk of progression was reduced by 51% for Rebif 44 µg tiw compared to placebo (HR [Hazard Ratio] = 0.49, 95% CI [0.38, 0.64]), and 31% for Rebif 44 µg ow compared to placebo (HR = 0.69, 95% CI [0.54, 0.87]). The absolute risk reduction over two years was 22.2% (84.2%-62.0%) based on raw numbers or 23.3% (85.8%-62.5%) in the adjusted model.
· A delay in progression to McDonald MS. The median time for conversion to McDonald MS was 97, 182, and 310 days in the placebo, Rebif 44 µg ow, and 44 µg tiw groups, respectively.
· A reduced incidence of conversion to Clinically Definite MS. The model adjusted conversion rates to CDMS over two years were 21%, 22% and 38% in the 44 µg tiw group, 44 µg ow group and placebo group, respectively, giving an absolute risk reduction of 17% for the proposed tiw dose, compared to placebo, and a relative risk reduction of 45%.
· A reduced relapse rate. The annualised relapse rate (for qualifying relapses) was approximately halved by active treatment from 0.22 relapses/year in the placebo group to 0.12 relapses/year in both active groups, without any apparent difference between ow and tiw dosing (p≤ 0.001 for either dose group versus placebo).
· Reduced activity on MRI, with a lower number of unique active lesions. The mean number of active lesions per subject per scan was 2.58 in the placebo group, 0.95 in the ow group and 0.50 in the tiw group (p<0.001).
· Possible long term benefit. A small benefit was demonstrated in the Extended Disability Status Score (EDSS, p=0.011) over two years: this score attempts to capture cumulative disability but it is insensitive for small lesions and early disease. The brain and spinal cord have poor regenerative capacity and individual relapses may produce lasting deficits, because axonal damage in the CNS is usually permanent. Eventually, therefore, the cumulative effect of apparently silent lesions is likely to contribute to overall disability. Avoiding radiological and clinical activity from the earliest stage of the disease is therefore likely to preserve cerebral function that would otherwise be compromised, and is a sensible treatment goal, even if short term clinical studies do not easily confirm this effect.
[bookmark: _Toc373928645]First round assessment of risks
The risks of Rebif in the proposed usage are:
· Some subjects will experience influenza like illness, fatigue, spasm, mood changes and injection site reactions. Drug related Treatment Emergent Adverse Events (TEAEs) were observed in 77.8% of Rebif tiw recipients, compared to 43.3% of placebo recipients, an excess of 34.5%.
· Subjects with CIS who are not destined to progress to MS in the near future will be exposed to Rebif side effects without apparent gain. Whether this is considered a substantial problem partly depends on one’s definition of MS. Over two years of treatment, this non progressing group would be expected to be only 16% of the initial cohort, using McDonald 2005 criteria (because 84% of placebo recipients converted). The non progressing group would be much larger, however, and would constitute the majority of the cohort, if older clinical criteria were used (62% of subjects in the placebo group did not progress to CDMS).
· Some subjects will progress to MS despite active treatment. Only 23% of subjects (85%-62%) treated over two years can expect to have McDonald MS prevented by active treatment, and only 17% of subjects (38%-21%) treated over two years can expect to have CDMS prevented.
· The shifting definitions of MS – in particular, the changes from McDonald 2005 to McDonald 2010 criteria – mean that subjects fulfilling modern CIS criteria have milder disease than those treated in the pivotal CIS study, ~38% of whom already had McDonald 2010 MS at baseline. The chance that these milder CIS subjects would receive Rebif “unnecessarily” (in the sense that they would not have progressed to MS anyway) is therefore increased under the new diagnostic criteria - but this increase has not been quantified by the sponsor.
· Discontinuation rates with injected treatments for MS are relatively high (Giovannoni 2012), and subjects with a single episode of demyelination may have even less motivation to continue treatment. The clinical benefit observed in the REFLEX study may not be achieved in the real world, where compliance is poorer. Encouraging patients to start treatment very early might even mean that some abandon treatment before they get diagnosed with MS, so they are off treatment when their disease activity is greater. (This is less of an issue now that the number of available MS treatments is increasing and oral agents are available.)
[bookmark: _Toc373928646]First round assessment of benefit-risk balance
The benefit-risk balance of Rebif, given the proposed usage, appears favourable but there are substantial uncertainties surrounding the group of CIS patients with milder disease.
The benefit of treatment in CIS subjects with <2 MRI lesions has not been tested. This group was excluded from the pivotal study, is expected to have a relatively low chance of conversion to MS, and the risks and side effects of Rebif treatment do not appear justified given that most of these subjects will do well anyway. The PI should explicitly exclude such low risk subjects.
More subtly, the benefit of treatment is still unclear in subjects with a single clinical demyelinating event who do not have McDonald 2010 MS. The CIS cohort in the pivotal study, defined using McDonald 2005 criteria included ~38% of subjects who actually had McDonald 2010 MS, and who would therefore not be diagnosed with CIS by modern criteria. This inclusion of patients with MS is likely to have inflated the apparent benefit of active treatment. This was not a design fault, but merely reflects shifting definitions of MS that took place as the study was underway. It is not a problem unique to Rebif, either, because the pivotal CIS studies for Avonex, Betaferon and Copaxone are all likely to have had the same issues (in retrospect) as they were designed using older definitions of MS. Nonetheless, the issue has arisen during the conduct and submission of the Rebif CIS study, and clinicians deserve to have this issue clarified to help them discuss the benefit-risk balance with their patients.
In the pivotal study, the proportion of McDonald 2010 MS patients (~38%) is approximately double the proportion of patients who had progression to MS prevented by active treatment (22% by 2005 radiological criteria, 17% by clinical criteria). If it was these McDonald 2010 patients who benefited from treatment in the pivotal study, then the new CIS indication is not needed, because such subjects could be treated under the indication of “MS”.
[bookmark: ProposedAnalysis]A subgroup analysis of “true CIS” subjects without McDonald 2010 MS should be performed by the sponsor prior to finalising the PI and prior to final approval of the CIS indication. The primary and secondary endpoints of this proposed analysis should remain the same as in the original pivotal study. This analysis might prove to be underpowered, but it should at least show a quantitative benefit of treatment in “true CIS” subjects (defined using McDonald 2010 criteria) before the CIS indication is approved. Accurate assignment of subjects to the categories of “true CIS” or “McDonald 2010 MS” might be difficult in retrospect, but should be reasonably accurate in most cases. The assignment depends entirely on MRI analysis, so it could be done by blinded, independent radiologists without collecting or considering new clinical data. Statistical analysis should be performed with the same methods as in the original cohort.
If this subgroup analysis does not show substantial benefit of Rebif in “true CIS” subjects, but instead suggests that the benefit was largely confined to those who already had McDonald 2010 MS at baseline, then it would be reasonable to conclude that competing products are likely to face the same problem. In fact, there are grounds for suspecting that Avonex, a once weekly, lower dose preparation of interferon beta 1a, is likely to have less efficacy in this setting than Rebif.
[bookmark: _Toc373928647]First round recommendation regarding authorisation
Approval of the CIS indication for Rebif should be declined for now, pending clarification of efficacy in the CIS population as defined by modern criteria.
The sponsor should perform the subgroup analysis proposed above, based on modern definitions of MS (McDonald 2010 criteria) and resubmit.
[bookmark: _Toc373928648]Clinical questions
[bookmark: _Toc373928649]Pharmacokinetics
None applicable.
[bookmark: _Toc373928650]Pharmacodynamics
None applicable.
[bookmark: _Toc373928651]Efficacy
Please perform a subgroup analysis, as described above:
“A subgroup analysis of “true CIS” subjects without McDonald 2010 MS should be performed by the sponsor prior to finalising the PI and prior to final approval of the CIS indication. The primary and secondary endpoints of this proposed analysis should remain the same as in the original pivotal study. This analysis might prove to be underpowered, but it should at least show a quantitative benefit of treatment in “true CIS” subjects (defined using McDonald 2010 criteria) before the CIS indication is approved. Accurate assignment of subjects to the categories of “true CIS” or “McDonald 2010 MS” might be difficult in retrospect, but should be reasonably accurate in most cases. The assignment depends entirely on MRI analysis, so it could be done by blinded, independent radiologists without collecting or considering new clinical data. Statistical analysis should be performed with the same methods as in the original cohort.”
Please clarify when patients received a spinal cord MRI and how this contributed to eligibility at baseline and the occurrence of the McDonald MS endpoint.
[bookmark: _Toc373928652]Safety
None applicable.
[bookmark: _Toc373928653]Second round evaluation of clinical data submitted in response to questions
The sponsor submitted data in response to the following two questions arising from the first round clinical evaluation:
[bookmark: _Toc373928654]Question 1
The CIS cohort in the pivotal study, defined using McDonald 2005 criteria, appeared to include ~38% of subjects who actually had McDonald 2010 MS, and who would therefore not be diagnosed with CIS by modern criteria. This proportion of McDonald 2010 MS patients (~38%) is approximately double the proportion of patients who had progression to MS prevented by active treatment (22% by 2005 radiological criteria, 17% by clinical criteria). It is not clear whether the McDonald 2010 patients are the patients who benefited from treatment in the pivotal study.
In view of the above, please perform a subgroup analysis of “true CIS” subjects without McDonald 2010 MS or provide justification for why this should not be required. The primary and secondary endpoints of the subgroup analysis should remain the same as in the original pivotal study. As the assignment of subjects to the categories of “true CIS” or “McDonald 2010 MS” depended entirely on MRI analysis, this could be done by blinded, independent radiologists without collecting or considering new clinical data. Statistical analysis should be performed with the same methods as in the original cohort.
[bookmark: _Toc373928655]Question 2
Please clarify when patients received a spinal cord MRI and how this contributed to eligibility at baseline and the occurrence of the McDonald MS endpoint.
The sponsor’s response to both questions was comprehensive and reassuring. The new data is evaluated below: Question 1 and Question 2.
[bookmark: _Ref347406516][bookmark: _Toc348084009][bookmark: _Toc373928656]Sponsor’s response to question 1
The pivotal CIS study (REFLEX) was intended to exclude patients who had MS, because it was already clear from prior studies that Rebif is useful in subjects with MS, and Rebif is already registered for this indication. At the time of recruitment, MS was diagnosed using McDonald 2005 (M2005) criteria. Because definitions of MS have changed in recent years, becoming more inclusive, ~38% of the original cohort recruited to the pivotal CIS study would now be considered to have had MS at the time of recruitment, using McDonald 2010 (M2010) diagnostic criteria. That is, they would not have been considered to have CIS if the study had been designed at the time of the submission and evaluation, and would not be eligible; instead they would be considered to have MS already and would potentially receive Rebif according to existing indications.
The inclusion of these borderline MS subjects raises problems in interpreting the REFLEX study. If the benefit demonstrated in REFLEX was largely due to accidental inclusion of these borderline MS subjects (positive for M2010 MS, but negative for M2005 MS), then this would leave open the possibility that Rebif has a substantially weaker benefit in “true CIS” subjects (negative for both M2010 MS and M2005 MS). In that case, the new CIS indication would not be appropriate.
In response to this concern, the sponsor has submitted a post-hoc subgroup analysis in which the original cohort of M2005-negative CIS subjects was divided into M2010-positive subjects who could, in retrospect, be diagnosed with MS, and M2010-negative subjects who would still be considered to have CIS by modern diagnostic criteria (“true CIS”). Although retrospective, this post-hoc subgroup assignment could be achieved by reassessing MRI data that was obtained prospectively, and it is likely to have been substantially accurate. (One imperfection in the data, impossible to correct in retrospect, was that spinal cord MRIs were only performed in case of spinal symptoms, for purposes of differential diagnosis at baseline. Lesions in the spinal cord can contribute to a diagnosis of M2010 MS, so a few cases of M2010-positive subjects could have been missed. This is very unlikely to have had a substantial impact on the analysis – see the discussion of Question 2).
The sponsor reassessed the primary endpoint (conversion to M2005 MS) and the main secondary endpoint (conversion to CDMS) in this subgroup analysis, using the same statistical methods as in the intent-to-treat (ITT) cohort. Because the analysis was post hoc, it was considered to be exploratory.
The results are shown in the tables below.
In the overall study population, 37.7% of subjects could be retrospectively diagnosed with M2010 MS at baseline. Dissemination of disease in space (as demonstrated by MRI or multifocal presentation) was present at baseline in 83.4% of subjects, and dissemination in time was suggested by a contrasting-enhancing lesions in 41% of subjects, with the M2010-positive subgroup showing both types of dissemination. The incidence of M2010 positivity was broadly similar in the group receiving the standard, proposed dose of Rebif 44 µg TIW (36.3%) as in the placebo group (39.2%) (Table 36).
Table 36: Baseline characteristics leading to retrospective McDonald 2010 MS diagnosis.
[image: Table 36: Baseline characteristics leading to retrospective McDonald 2010 MS diagnosis.]
Baseline disease characteristics in the M2010-positive and M2010-negative subgroups are shown in Table 37. Not surprisingly, the two subgroups show substantial differences for those features leading to the M2010 diagnosis, such as multifocal disease and contrast enhancing lesions.
Table 37: Baseline demographic, disease and magnetic resonance imaging characteristics.
[image: Table 37: Baseline demographic, disease and magnetic resonance imaging characteristics.]
Results for the primary endpoint are in Table 38. Even in M2010-negative (“true CIS”) subjects, there was a substantial risk of converting to M2005 MS after two years, amounting to a 79% cumulative risk in the placebo treated subjects. Active treatment with the proposed 44 µg TIW dose reduced this risk significantly, to 53% over two years, consistent with a HR of 0.49 (95%CI 0.35; 0.69, p<0.001). This HR is the same as estimated in the original cohort of M2010-positive and M2010-negative patients, but with a slightly broader 95% Confidence Interval (CI).
Table 38: Analysis of the time to conversion to McDonald 2005 MS by McDonald 2010 MS status at baseline.a
[image: Table 38: Analysis of the time to conversion to McDonald 2005 MS by McDonald 2010 MS status at baseline.a]
In subjects who already had M2010 MS at baseline, the risk of converting to M2005 MS over two years was very high – 97% in the placebo group – confirming the notion that the new M2010 criteria have high specificity for MS and merely enable earlier diagnosis. Active treatment of M2010-positive patients reduced conversion to M2005 MS over two years, but a clear majority of these patients (79%) converted anyway. From one perspective, it appears disappointing that only 18% of these subjects (97%-79%) managed to avoid M2005 MS through active treatment, but from another perspective they were “converting” to a disease that they already had, and were merely crossing a subtle diagnostic threshold from one set of diagnostic criteria to another. The HR in this subgroup was favourable, at 0.54, with clear statistical significance (95%CI 0.37; 0.78. p=0.001).
For the main secondary endpoint of CDMS, broadly similar results were obtained, though this endpoint was reached less commonly and the analysis had less statistical power (Table 39). The two year risk of CDMS in placebo recipients was 38% overall, with a somewhat lower risk (32%) in M2010-negative subjects and a higher risk (46%) in M2010-positive subjects. Active treatment with Rebif 44 µg TIW significantly reduced the risk of CDMS in both M2010-negative and M2010-positive subjects, even though the study was not originally powered for such an analysis. In the M2010-negative subgroup, conversion to CDMS was reduced to 19% with active treatment, consistent with an attributable reduction of 13% and a HR of 0.53 (95%CI 0.30; 0.93, p<0.028). In the higher risk M2010-positive subgroup, conversion was reduced to 24%, consistent with an attributable reduction of 22% and a HR of 0.44 (95%CI 0.23; 0.83, p=0.011).
Table 39: Analysis of the time to conversion to CDMS by McDonald 2010 MS status at baseline.a
[image: Table 39: Analysis of the time to conversion to CDMS by McDonald 2010 MS status at baseline.a]
As part of their response to this question, the sponsor included a poster presented at the 5th Joint Triennial Congress of the European and Americas Committees for Treatment and Research in Multiple Sclerosis (ECTRIMS/ACTRIMS) in 2011; this poster was entitled “Efficacy of subcutaneous interferon-beta-1a in patients with a first clinical demyelinating event: the REbif FLEXible dosing in early multiple sclerosis (REFLEX) study – outcomes in patients stratified by the 2010 McDonald criteria” essentially presented the same analysis requested in the first round evaluation, though the analysis was performed independently of the evaluation process. Figures from that poster are reproduced below and illustrate that both M2010-negative and M2010-negative patients in the REFLEX study showed a significant benefit with active treatment, though the absolute risk of progression was higher, as expected, in M2010-positive patients.
Figure 4: Conversion to McDonald 2005 MS by McDonald 2010 MS criteria status at baseline.
[image: Figure 4: Conversion to McDonald 2005 MS by McDonald 2010 MS criteria status at baseline.]
Figure 5: Time to McDonald 2005 MS by McDonald 2010 MS status at baseline: Kaplan-Meier cumulative incidence curves.a
[image: Figure 5: Time to McDonald 2005 MS by McDonald 2010 MS status at baseline: Kaplan-Meier cumulative incidence curves.a]
Figure 6: Conversion to CDMS by McDonald 2010 MS criteria status at baseline.
[image: Figure 6: Conversion to CDMS by McDonald 2010 MS criteria status at baseline]
Figure 7: Time to CDMS by McDonald 2010 MS status at baseline: Kaplan-Meier cumulative incidence curves.a
[image: Figure 7: Time to CDMS by McDonald 2010 MS status at baseline: Kaplan-Meier cumulative incidence curves.a]
Overall, the sponsor’s post hoc analysis is reassuring. It confirms that the purported benefits in CIS patients can be achieved in subjects who are M2010-negative or M2010-positive, and that the proposed CIS indication identifies a group of subjects who can benefit from Rebif, regardless of which MS criteria are applied in defining CIS.
The results must be interpreted with one important caveat: subjects in the REFLEX study were required to have at least two cerebral MRI lesions at baseline, and were therefore at higher risk than CIS subjects with a lighter MRI lesion load. The M2010-negative patients in the study were not, therefore, representative of the broader M2010-negative CIS population encountered in clinical practice, some of whom would be expected to have only one or no cerebral MRI lesions. There is still no evidence that these single lesion or zero lesion CIS subjects can obtain benefit from Rebif. Thus, Rebif is indicated for CIS subjects at high risk of conversion to MS, but not in subjects at low risk.
The first round evaluation pointed out that the definition of high risk MS, in particular the requirement for at least two cerebral lesions, needs to be included in the PI. This new data does not change the need for such a definition.
[bookmark: _Ref347406315][bookmark: _Toc348084010][bookmark: _Toc373928657]Sponsor’s response to question 2
In the initial submission, it was somewhat unclear when spinal MRIs were performed. The sponsor has now indicated that spinal MRI scans were not performed routinely in all subjects at baseline, and not performed routinely in monitoring for conversion to M2005 MS. Instead, subjects with symptoms suggestive of spinal cord disease (that is, paraparesis, a transverse sensory level, or bladder dysfunction) received an MRI at baseline to exclude alternative diagnoses and subjects developing such symptoms during the study were scanned as needed. 
This suggests that a small number of study patients may have had asymptomatic spinal cord lesions that were missed, but this is very unlikely to have significantly modified the study’s results. Firstly, the spinal cord is a region in which plaques are highly likely to become symptomatic. Secondly, the same MRI approach was used in the active and placebo groups, with no likely source of bias. Thirdly, it is common clinical practice amongst neurologists to perform cerebral MRIs to monitor disease activity, and spinal MRIs only when prompted by symptoms, so the use of MRIs in the REFLEX study is fairly typical of the expected use of MRI in the target population of CIS subjects. This indicates that the results of the REFLEX study are likely to translate well into clinical practice.
[bookmark: _Toc373928658]Second round benefit-risk assessment
The second round benefit risk assessment is essentially unchanged compared to the first round assessment. The new data provides extra reassurance in that benefit has been demonstrated even in those subjects with “true CIS”, in whom a diagnosis of MS cannot be made with McDonald 2010 criteria. HRs in the M2010-positive and M2010-negative subgroups were broadly similar.
[bookmark: _Toc373928659]Second round recommendation regarding authorisation
Following the recommended revisions to the proposed PI, the sponsor’s application to register Rebif 44 µg tiw for treatment of subjects with CIS and at least two cerebral MRI lesions should be approved.
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Original McDonald Criterion

2005 Revisions

1. If a first scan occurs 3 months or more after the onset of the clinical
event, the presence of a gadolinium-enhancing lesion is sufficient to dem-
onstrate dissemination in time, provided that it is not at the site implicated
in the original clinical event. If there is no enhancing lesion at this time, a
follow-up scan is required. The timing of this follow-up scan is not crucial,
but 3 months is recommended. A new T2- or gadolinium-enhancing lesion
at this time then fulfills the criterion for dissemination in time.

2. If the first scan is performed less than 3 months after the onset of the clin-
ical event, a second scan done 3 months or longer after the clinical event
showing a new gadolinium-enhancing lesion provides sufficient evidence for
dissemination in time. However, if no enhancing lesion is seen at this sec-
ond scan, a further scan not less than 3 months after the first scan that
shows a new T2 lesion or an enhancing lesion will suffice.

1. There are two ways to show dissemination
in time using imaging:
a. Detection of gadolinium enhancement
at least 3 months after the onset of the
initial clinical event, if not at the site cor-
responding to the initial event
b. Detection of a new T2 lesion if it ap-
pears at any time compared with a refer-
ence scan done at least 30 days afcer the
onset of the initial clinical event
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Original McDonald Criteria 2005 Revisions

Three of the following: Three of the following:
1. At least one gadolinium- 1. At least one gadolinium-enhancing lesion or nine T2 hyperintense lesions if there is
enhancing lesion or nine T2 no gadolinium enhancing lesion
hyperintense lesions if there is 2. At least one infratentorial lesion
no gadolinium-enhancing le- 3. At least one juxtacortical lesion
sion 4. At least three periventricular lesions
2. At least one infratentorial
lesion
3. At least one juxtacortical
lesion
4. At least three periventricu-
lar lesions
NOTE: One spinal cord lesion NOTE: A spinal cord lesion can be considered equivalent to a brain infratentorial lesion:
can substitute for one brain an enhancing spinal cord lesion is considered to be equivalent to an enhancing brain
lesion/ lesion, and individual spinal cord lesions can contribute together with individual brain

lesions to reach the required number of T2 lesions.

Polman et al: 2005 Revisions MS Diagnostic
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DIS Can Be Demonstrated by >1 T2 Lesion® in at
Least 2 of 4 Areas of the CNS:

Periventricular
Juxtacortical
Infratentorial
Spinal cord®

Based on Swanton et al 2006, 2007.2>%

*Gadolinium enhancement of lesions is not required for
DIS.

PIf a subject has a brainstem or spinal cord syndrome, the
symptomatic lesions are excluded from the Criteria and do
not contribute t lesion count.

MRI = magnetic resonance imaging; DIS = lesion dissemi-
nation in space; CNS = central nervous system.

DIT Can Be Demonstrated by:

1. A new T2 and/or gadolinium-enhancing lesion(s)
on follow-up MRI, with reference to a baseline scan,
irrespective of the timing of the baseline MRI

2. Simultaneous presence of asymptomatic
gadolinium-enhancing and nonenhancing
lesions at any time

Based on Montalban et al 2010.%*
MRI = magnetic resonance imaging; DIT = lesion dissemi-
nation in time.
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RNF RNF
44 mcq 44 mcq
Placebo ow tiw
(n=171)  (n=175)  (n=171)
Exclusion from the PP Population n (%) n (%) n (%)

Total for Exclusion 17(99)  23(13.1)  19(11.1)
Inclusion Criterion Deviations. 6(3.5) 4(23) 4(23)
Inclusion Criterion 1 5(29) 4(23) 2(12)
Inclusion Criterion 4 1(06) 0(00) 2(12)
Exclusion Criterion Deviations 3(18) 4(23) 0(00)
Exclusion Criterion 6 1(06) 4(23) 0(00)
Alternative Diagnosis to CIS Became Apparent During the Study 2(12) 0(0.0) 0(0.0)
Deviations Related to Study Drug Administration 3(1.8) 7(4.0) 4(23)
No Study Treatment Injection Received 1(06)  1(06) 1(0.6)
DB Treatment Kit Received not Corresponding to Kit Allocated by IVRS 0(0.0) 3(17) 0(0.0)
Treatment Compliance ® <80% 2(12)  3(17) 3(18)
Deviations Related to Concomitant Medications/Procedures Restrictions 0(0.0) 1(0.6) 1(06)
Use of Prohibited Concomitant Medications 0(00) 1(06) 1(0.6)
Deviations Related to Lack of Compliance to Study Procedures 6(3.5) 9(5.1) 11(6.4)
Missing MRI (Before Conversion to McDonald MS) 6(35  9(51) 10(58)
Subject not Withdrawn from Study Treatment Despite Pregnancy 0(0.0) 0(0.0) 1(0.6)

(a) At least one study treatment injection received up to last double-blind study treatment injection or up to conversion
to McDonald MS whichever comes first, not corresponding to the treatment allocated by the IVRS.

(b) Treatment compliance was defined as the ratio, expressed in %, of the number of study treatment injections
received up to the last double-blind study treatment injection or up to conversion to McDonald MS whichever occurred
first, over the theoretical number of three study treatment injections weekly up to the last double-blind study treatment

injection or up to conversion to McDonald MS whichever occurred first.
Subjects could have more than one reason to be excluded.

The following criteria were considered for the definition of major protocol violations: Inclusion criteria 1, 2, 3 and 4;
exclusion criteria 1, 2, 3, 4, 6, 15, 16, 17, 19 and 20, Use of Prohibited Concomitant Procedures.
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(n=171) (n=175) (n=171)
Female - % (n) 65.5% (112) 60.6% (108) 66.7% (114)
Age - median (quartiles) 29 (25-37) 30 (25-37) 29 (24-36)
Monofocal Onset* - % (n) 53.2% (91) 51.4% (90) 56.1% (96)
Steroid treatment - % (n) 70.8% (121) 70.3% (123) 70.8% (121)
>=9 T, Lesions - % (n) 71.3% (122) 72.0% (126) 75.4% (129)
At least 1 Gd+ Lesion - % (n) 42.7% (73) 41.1% (72) 39.8% (68)

* As classified by the Independent Adjudication Committee (IAC)
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Time to Parameter P
Conversion to Estimate _Point value
McDonald MS  Covariate Covariate Levels (SE) Estimate  [95% CI] ©
Adjusted Model for RNF 44 mcg tiw versus Placebo
Treatment RNF 44 meg tiw/ Placebo 071(013) 049  [0.38,064] <0.001
Age <30 years / >=30 years 0200043 123 [095158 0.113
Classification of First Clinical Demyelinating Event  Monofocal / Multifocal 034(013) 071 [055092] 0008
Steroid Use at First Clinical Demyelinating Event Yes /No 0.06 (0.14) 1.06 [0.80;1.40] 0678
Presence of Gd Enhancing Lesions at Baseline _Yes /No 057(013) 176 [1.36227] <0.001
Adjusted Model for RNF 44 mcg ow versus Placebo
Treatment RNF 44 mcg ow / Placebo 037(012) 069  [054,087] 0002
Age <30 years / >=30 years 027(012) 131  [103168 0027
Classification of First Ciinical Demyelinating Event  Monofocal / Multfocal 048(012) 062  [049,0.79 <0.001
Steroid Use at First Clinical Demyelinating Event  Yes /No 000(0.13) 100  [077:1.30] 0991
Presence of Gd Enhancing Lesions at Baseline __Yes /No 055(0.12) 173 [1.36:221] <0.001
Adjusted Model for RNF 44 meg tiw versus RNF 44 mcg ow
Treatment RNF44megtiw/RNF44megow  035(013) 071  [054091] 0.008
Age <30 years / >=30 years 022(013) 125  [096163] 0.094
Classification of First Clinical Demyelinating Event  Monofocal / Multfocal 041(013) 066  [051,086] 0002
Steroid Use at First Clinical Demyelinating Event  Yes /No 010(015) 110  [083;147] 0513
Presence of Gd Enhancing Lesions at Baseline  Yes /No 054(013) 171 [1.31:223] <0.001

(a) Two-sided Wald test.

(b) Muttivariate Cox's proportional hazards model with treatment and randomization stratfication factors  as covariates

(¢) Randomization stratification factors: age (<30 years, >=30 years), ciassification of first clinical demyelinating event (monofocal, multifocal), steroid use at first
clinical demyelinating event (yes, no), and presence of Gd enhancing lesions at baseline (yes, no).
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Number of Time to Conversion to CDMS
Subjects at risk:
Placebo 171 159 153 132 119 108 102 97 73
RNF44mcgow 175 168 158 150 145 141 134 130 103
RNF44 megtiw171 162 156 149 141 139 131 125 108
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* Obtained by Log-rank test
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RNF RNF

Placebo 44 mcg ow 44 mcg tiw
Characteristic Statistics © (@=171) (W=175) (@=171)
Mean Number of CUA  pgint Estimate ® (SE) 2.58 (0.30) 0.95(0.11)  0.50 (0.06)
Lesions per Subject per
Scan 95% CI 2.06:3.24 0.77:1.19 0.39: 0.63
Treatment Group Comparison Ratio 95% CI p-value
RNF 44 mcg tiw vs. Placebo 0.19 [0.14:0.26] <0.001
RNF 44 mcg ow vs. Placebo 0.37 [0.27:0.50] <0.001
RNF 44 mcg tiw vs. RNF 44 mcg ow 0.52 [0.38:0.71] <0.001

(a) Negative binomial model with treatment and randomization stratification factors as covariates and log number of
scans as an offset variable.

(b) Least Square Means Point Estimate
(c) Least Square Means Ratio
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RNF 44 RNF 44
Placebo mcg ow mcg tiw
@=171) @=175)  (@=171)
Characteristic Statistics n (%) n (%) n (%)
Qualifying n (missing) 171 (0) 175 (0) 171 (0)
relapse-free
subjects at 12
Months Yes 121(70.8) 144(82.3) 141(825)
No 37(21.6) 18(103) 19 (11.1)
Censored Subjects @ 13(76) 13(74) 11(64)
Exact 95% CI for proportion of Relapse-free subjects 63.3:77.5 75.8:87.6 759:87.8
Qualifying n (missing) 171 (0) 175 (0) 171 (0)
relapse-free
subjects at 24
Months Yes 92(53.8) 124(709) 120(70.2)
No 60(35.1) 35(200) 32(18.7)
Censored Subjects @ 19(11.1)  16(91)  19(1L1)
Exact 95% CI for proportion of Relapse-free subjects 46.0:614 63.5:77.5 62.7;76.9
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RNF RNF

Placebo 44 mcg ow 44 mcg tiw

Characteristic Statistics (0=171) (n=175) (n=171)

Number of relapses n (missing) 171 (0) 175 (0) 171(0)
Mean (SD) 04(0.7) 0.2(0.5) 0.2(0.6)
Median 0.0 0.0 0.0
QL1: Q3 0.0; 1.0 0.0:0.0 0.0;0.0
Min; Max 0:4 0:3 0:4

7 ®

Anmualizgl iehperle™  ppdas 0220 0115 0.118
95% CI 0.171;0.281  0.083;0.159  0.086; 0.164
Treatment Group Comparison % Reduction p-value
RNF 44 mcg tiw vs. Placebo 46.12% 0.001
RNF 44 mcg ow vs. Placebo 47.72% <0.001
RNF 44 meg tiw vs. RNF 44 meg ow 3.06% 0.892

(a) Poisson model with treatment and randomization stratification factors as covariates.
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RNF RNF
Placebo 44 mcg ow 44 mcg tiw
Characteristic _ Statistics (n=171) (0=175) (n=171)
Change in
EDSS Score 1 (missing) 169 (2) 171 (4) 170 (1)
atLov Mean (SD) 0.14 (0.95) 0.01(0.97) -0.09 (0.84)
Median 0.00 0.00 0.00
QL:Q3 0.00; 0.50 -0.50; 0.50 -0.50; 0.00
Min; Max -3.5;25 2.0;3.5 -3.0;25
Least Square Means (SEM) ® 0.177 (0.070) 0.052(0.069)  -0.054 (0.070)
95% C1® [0.040:0.313] [-0.084;0.187]  [-0.190:0.083]
Treatment Group Comparison Point estimate (SE) ®  05% C1® p-value ©
- RNF 44 mcg tiw vs. Placebo -0.230 (0.095) [-0.417:-0.044] 0.011
- RNF 44 mcg ow vs. Placebo -0.125 (0.095) [-0.311;0.061] 0.106
- RNF 44 mcg tiw vs. RNF 44 mcg ow -0.105 (0.095) [-0.291:0.080] 0.356

TAREBIF\27025\MONTH24\TABLES\PGM\T_14_2_4_07.SAS 040CT2010
(a) LOV: Last observed value during the DB period is the EDSS score at the time the subject converted to CDMS or

completed the Month 24 visit whichever occurred first.

(b) LSM point estimate (SE) of the treatment difference and 95% CI was estimated using a parametric ANCOVA
model on raw data with fixed effects for treatment group, randomization stratification factors ' and baseline EDSS

score.

(c) p-values were estimated using a non-parametric ANCOVA model on ranked data with effects for treatment group,

randomization stratification factors “ and baseline EDSS score.

(d) Randomization stratification factors: age, monofocal/multifocal, steroid use, Gd+ lesions
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Placebo  RNF 44 mcgow  RNF 44 meg tiw

Characteristic Statistics (=171) (0=175) (»=171)
Cumulative Number of New T2 Lesions

n (missing) 162 (9) 168 (7) 162 (9)

Mean (SD) 6.7(11.2) 344D 27(4.6)

Median 30 20 10

QL Q3 1.0;7.0 0.0;5.0 0.0;3.0

Min; Max 0;103 0;33 0;29

0 Lesion, n (%) 32(19.8) 46Q74) 65(40.1)

1 Lesion, n (%) 18(1L.1) 26 (15.5) 27(16.0

2 Lesions, n (%) 20(123) 28(16.7) 21(13.0)

3 Lesions, n (%) 17(10.5) 13(1D 10( 6.2)

4 Lesions, n (%) 8(49) 10( 6.0) 8( 49

5-8 Lesions, n (%) 3410 26 (15.5) 17(10.5)

>=9 Lesions, n (%) 3304) 19(13) 14( 86)
Mean Number of New T2 Lesions per Subject per Scan

n (missing) 162 (9) 168 () 162 (9)

Mean (SD) 14Q7 0827 0.5(0.8)

Median 06 03 0.1

QL: Q3 0115 0.0;0.8 0.0;0.5

Min; Max 0;25 0;33 0;7

Treatment Group Comparizon, p-value *'

- RNF 44 mcg tiw versus Placebo <0.001

- RNF 44 mcg ow versus Placebo <0.001

- RNF 44 mcg tiw versus RNF 44 meg ow 0.012

T:REBIF\27025\MONTH24\TABLES\PGM\T_14_2_3_16.SAS 040CT2010

() p-values were estimated using a 2 sided stratified non-parametric ANCOVA model on ranked data with effects
for treatment group and the randomization stratification factors * and number of T2 lesions at baseline.

(b) Randomuzation stratification factors:
- age (<30 years, >=30 years),

- classification of first clinical demyelinating event (monofocal, multifocal),

- steroid use at first clinical demyelinating event (yes, no),
- and presence of Gd enhancing lesions at baseline (yes, no).
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RNF RNF

Placebo 44 meg ow 44 meg tiw

Characteristic Statistics (=171) (0=17%) (0=171)
Cumulative Number of New T1 Hypotensive Lesions

o (missing) 162 (9) 168 (7) 162 (9)

Mean (SD) 40(6.8) 27(@3.5) 2032

Median 20 10 10

QL Q3 10;40 00;4.0 0.0;3.0

Min; Max 0;54 0:24 0;21

0 Lesion, n (%) 40 Q4.7 45(26.8) 67 (41.9)

1 Lesion, n (%) 31(19.1) 43(25.6) 30(185)

2 Lesions, n (%) 25(154) 19(113) 22(13.6)

3 Lesions, n (%) 17 (10.5) 16( 9.5) 15(93)

4 Lesions, n (%) 10( 6.2) 12( 7D 6(3M

5-8 Lesions, n (%) 21(13.0) 20(11.9) 13(80)

==9 Lesions, n (%) 18QLD 13(77 9(56)
Mean Number of New T1 Hypotensive Lesions per Subject per Scan

n (missing) 1629 168 (7) 162(9

Mean (SD) 0.7(1.1) 0.5(1.6) 0.3(0.6)

Median 03 03 01

QL:Q3 0110 0.0;0.5 00;04

Min; Max 0:8 0;19 0:4

Treatment Group Comparison, p-vahue

- RNF 44 meg tiw versus Placebo <0.001

- RNF 44 meg ow versus Placebo 0.004

- RNF 44 meg tiw versus RNF 44 meg ow 0.008

T:REBIF\27025\MONTH24\TABLES\PGM\T_14_2_3_21.SAS 040CT2010

(3) p-values were estimated using a 2 sided stratified non-parametric ANCOVA model on ranked data with effects
for treatment group and the randomization stratification factors ® and number of T1 hypotensive lesions at baseline.
(b) Randomization stratification factors:

- age (<30 years, >=30 years),

- classification of first clinical demyelinating event (monofocal, multifocal),

- steroid use at first clinical demyelinating event (yes, no),

- and presence of Gd enhancing lesions at baseline (ves, no).
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RNF RNF

Placebo 44 mecg ow 44 meg tiw

Characteristic Statistics (@=171) (=175) (0=171)
Cumulative Number of New Gd Enhancing Lesions

n (missing) 162 (9) 168 (7) 162(9)

Mean (SD) 53(121) 20(3.8) 0837

Median 15 0.5 0.0

QL Q3 0.0;50 0.0;20 00;1.0

Min; Max 0;118 0;33 0:44

0 Lesion, n (%) 49(30.2) 84(50.0) 120 (74.1)

1 Lesion, n (%) 32(19.8) 30(179) 25(154)

2 Lesions, n (%) 193117 14(83) 6(37)

3 Lesions, n (%) 7(43) 8(48) 5(3D

4 Lesions, n (%) 11( 659) 7(42) 2(12)

5-8 Lesions, n (%) 17 (10.5) 17@10.1) 2(12)

==9 Lesions, n (%) 27(16.7) 8(49 2(12
Mean Number of New Gd Enhancing Lesions per Subject per Scan

n (missing) 162 (9) 168 (7) 162(9)

Mean (SD) 12Q98) 04(16) 0.1(0.5)

Median 03 0.1 0.0

QL Q3 0.0;:1.0 0.0;04 0.0;0.1

Min: Max 0:23 0;19 ;6

Treatment Group Comparison, p-value

- RNF 44 mcg tiw versus Placebo <0.001

- RNF 44 mcg ow versus Placebo <0.001

- RNF 44 mcg tiw versus RNF 44 meg ow <0.001

T:REBIF\27025\MONTH24\TABLES\PGM\T_14_2_3_26.SAS 040CT2010

(a) p-values were estimated using a 2 sided stratified non-parametnic ANCOVA model on ranked data with effects
for treatment group and the randomization stratification factors * and number of Gd enhancing lesions at baseline.
(b) Randomization stratification factors:

- age (<30 years, >=30 years),

- classification of first clinical demyelinating event (monofocal, multifocal),

- steroid use at first clinical demyelinating event (ves, no),

- and presence of Gd enhancing lesions at baseline (yes, no).
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Placebo RNF 44  RNF 44 RNF 44 mcg tiw vs. RNF 44 mcg ow vs.
mcgow  mcg tiw Placebo Placebo

Stratification Factor N N N HR (95% CI) HR (95% CI)
Age

<30 87 86 86 0.52[0.37 :0.74] 0.74[0.53:1.03]

>=30 84 89 85 0.52[0.36 :0.74] 0.69[0.49:097)
Classification of First Clinical Demyelinating Event

Monofocal 9 90 96 0.58[0.40 :0.84] 0.72[0.50 :1.03]

Multifocal 80 85 75 0.45[0.31:0.64] 0.64 [0.47 :0.88]
Steroid Use at First Clinical Demyelinating Event

Yes 121 125 120 0.55[0.41:0.75] 0.71[0.53:0.94]

No 50 50 51 044[027:0.72] 0.72[0.46 :1.12]
Presence of Gd Enhancing Lesions at Baseline

Yes 73 72 68 0.66 [ 0.46 :0.93]

No 98 103 103 0.49[0.35:0.70] 0.74[0.53 :1.02]
Other Subgroups
Number of T Lesions at Baseline

<9T;Lesions 49 49 42 0.42[0.22:0.80] 0.51[0.29:0.91]

>=9T) Lesions 122 126 129 0.46[0.35:0.62] 0.71[0.55:0.93]
Gender

Male 59 69 57 0.71[0.46 :1.08] 0.92[0.62:1.37]

Female 2 106 114 044[0.32:061] 0.61[0.45:0.83]
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Placebo RNF44 RNF 44 RNF 44 mcg tiw vs. RNF 44 mcg ow vs.
mcgow  mcg tiw Placebo Placebo

Stratification Factor N N N HR (95% Cl) HR (95% Cl)
Age

<30 87 86 86 0.43[0.24,0.78] 0.56 [0.32,0.98]

>=30 84 89 85 0.55 [0.30; 1.00] 0.50 [0.27,0.92]
Classification of First Clinical Demyelinating Event

Monofocal 91 90 96 0.53[0.29;0.98] 0.50 [0.27;0.93]

Multifocal 80 85 75 0.45[0.25;0.81] 0.54 [0.31;0.94]
Steroid Use at First Clinical Demyelinating Event

Yes 121 125 120 0.54 [0.33,0.87] 0.50[0.31,0.81]

No 50 50 51 0.33[0.13;0.83) 0.60 [0.28;1.27]
Presence of Gd Enhancing Lesions at Baseline

Yes 73 72 68 0.42[0.23,0.78] 0.37 [0.20;0.68]

No 98 103 103 0.55[0.31;1.00] 0.72 [0.41;1.26]
Other Subgroups
Number of T, Lesions at Baseline

<97, Lesions 49 49 2 0.43[0.17;1.11] 0.39[0.15:1.01]

>=9T) Lesions 122 126 129 0.49 [0.30,0.78] 0.56 [0.350.88]
Gender

Male 59 69 57 0.53[0.27;1.07] 0.61[0.32,1.17]

Female 12 106 114 0.46 [0.27,0.78] 0.48 [0.28,0.82]
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Populatlon Placebo RNF 44 mcg ow RNF 44 mcg tiw Overall
DB Safety Population ®) 171 173 171 515

- Randomized to Placebo ) 170 (99.4) 0(0.0) 0(0.0)

- Randomized to RNF 44 mcg ow © 0(0.0) 173 (100.0) 1(0.6)

- Randomized to RNF 44 mcg tiw © 0(0.0) 0(0.0) 170 (99.4)

- Non-randomized © 1(0.6) 0(0.0) 0(0.0)

OL Safety Population ) © € 59 (34.5) 30 (17.3) 31(18.1) 120 (23.3)

(b) According to the treatment actually received during the DB period.
(c) All these subjects received RNF 44 mcg tiw during the OL period.
(e) Percentages are calculated as a proportion of the DB safety population.




image23.jpeg
RNF 44 mcg

Placebo ow RNF 44 mcg tiw

Characteristic Statistics (n=171) (n=173) (n=171)
Time on Treatment during the DB
Period n (missing) 171 (0) 173 (0) 171 (0)
(Days) @ Mean (SD) 533.1(2362) 609.5(213.2)  604.0 (212.5)

Median 714.0 719.0 720.0

Q1; Q3 283.0;722.0 648.0;724.0 569.0; 724.0

Min; Max 10; 745 1,743 21,746

(a) Time on treatment during the DB period is defined as the date of the last DB study treatment injection minus the
date of the first DB study treatment injection plus one.
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Characteristics Statistics Initial Placebo/ Initial RNF 44 mcg Initial RNF 44 mcg

OL RNF 44 mcg tiw ow/ tiw/
(n=59) OLRNF 44 mcg tiw  OL RNF 44 mcg tiw
(n=30) (n=31)
Time on Treatment
during the OL n (missing) 59 (0) 30 (0) 31(0)
Period (Days) (a) Mean (SD) 365.6 (174.7) 356.1(190.0) 338.5 (224.0)
Median 379.0 354.0 389.0
Q1; Q3 234.0;494.0 176.0; 512.0 95.0; 524.0
Min; Max 33; 704 20; 650 1; 699

(a) Time on treatment during the RNF 44 mcg tiw OL period is defined as the date of the last RNF 44 mcg tiw OL
study treatment injection minus the date of the first RNF 44 mcg tiw OL study treatment injection plus one.
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Placebo  RNF44mcgow  RNF 44 meg tiw overall

Characteristic Statistics (n=171) (n=173) (n=171) (n=515)

Age (yr) n (missing) 171(0) 173 (0) 171(0) 515(0)
Mean (SD) 307 (7.9) 308 (8.2) 306 (85) 307 (82)

Median 290 300 290 290

Q1,3 250;37.0 250,370 240,360 240370

Min; Max 18,51 18; 50 17,51 17,51

Age Group, n (%) n (missing) 171(0) 173(0) 171(0) 515(0)
<30 Years 88 (51.5) 85(49.1) 86(50.3) 259 (50.3)
>=30Years 83 (485) 88 (50.9) 85(49.7) 256 (49.7)

Sex, n (%) n (missing) 171(0) 173 (0) 171(0) 515(0)
Male 58 (33.9) 68(39.3) 57(33.3) 183 (35.5)
Female 113 (66.1) 105 (60.7) 114 (66.7) 332 (64.5)

Race, n (%) n (missing) 171(0) 173 (0) 171(0) 515(0)
White 171 (100.0) 172(99.4) 171 (100.0) 514 (99.8)

Black 0(0.0) 1(06) 0(0.0) 102

Asian 0(0.0) 0(0.0) 0(0.0) 0(00)

Other 0(0.0) 0(00) 0(0.0) 0(00)
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Placebo  RNF44mcgow  RNF 44 meg tiw
(n=171) (n=173) (n=171)
Characteristic n (%) n (%) n (%)
Any TEAE® 134 (78.4) 158 (91.3) 149 (87.1)
Any drug-related TEAE®® 74 (433) 141 (815) 133 (77.8)
Any TEAE® of severe intensity 9(5.3) 8(4.6) 11(6.4)
Any serious TEAE® 12(7.0) 8(4.6) 6(3.5)
Any TEAE® leading to death 2(1.2) 0(0.0) 0(0.0)
Any TEAE® leading to study treatment discontinuation 6(3.5) 4(23) 5(2.9)
TEAE = Treatment-Emergent Adverse Event.
(a) During the DB treatment period.

(b) Probable or possible relationship with study treatment according to investigator.




image27.jpeg
Initial Initial RNF Initial RNF
Placebo/ 44 meg ow/ 44 mcg tiw/
OLRNF OL RNF OL RNF
44 mcg tiw 44 meg tiw 44 meg tiw
(n=59) (n=30) (n=31)
Characteristic n (%) n (%) n (%)
Any TEAE® 47 (79.7) 20 (66.7) 20 (64.5)
Any drug-related TEAE®!®) 37 (62.7) 14 (46.7) 18 (58.1)
Any TEAE® of severe intensity 1(1.7) 2(67) 3(9.7)
Any serious TEAE® 1(1.7) 0(0.0) 1(32)
Any TEAE® leading to death 0(0.0) 0(0.0) 0(0.0)
Any TEAE™ leading to study treatment discontinuation 1(1.7) 1(33) 2(6.5)
TEAE = Treatment-Emergent Adverse Event.
(a) During the OL treatment period.

(b) Probable or possible relationship with study treatment according to investigator.
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Placebo RNF 44 meg ow RNF 44 meg tiw
(n=171) (n=173) (n=171)
Preferred Term n (%) n (%) n (%)
Subjects with most common events
Influenza like iliness 34 (19.9) 122 (70.5) 93 (54.4)
Headache 46 (26.9) a7 (21.4) 46 (26.9)
Injection site erythema 3(1.8) 34 (19.7) 50 (29.2)
Nasopharyngitis 22(129) 23(133) 17 (9.9)
Upper respiratory tract infection 20 (11.7) 13(7.5) 17 (9.9)
Pyrexia 9(5.3) 22(127) 6(3.5)

MedDRA dictionary version 13.0.
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Initial Placebo/ Initial RNF 44 mcg ow/  Initial RNF 44 mcg tiw/
OLRNF44mecgtiw  OLRNF44megtiw  OL RNF 44 meg tiw
(n=59) (n=30) (n=31)
Preferred Term n (%) n (%) n (%)
Subjects with most common events

Influenza like illness 24 (40.7) 3(10.0) 8(258)
Injection site erythema 13 (22.0) 3(10.0) 4(12.9)
Alanine aminotransferase increased 3(5.1) 3(10.0) 3(9.7)
Leukopenia 2(34) 3(10.0) 3(9.7)
Fatigue 2(34) 1(33) 4(12.9)
Thrombocytopenia 1017) 3(10.0) 1(32)
Hypertension 1(1.7) 3(10.0) 0(0.0)

MedDRA dictionary version 13.0.
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Placebo  RNF44mogow  RNF 44 mentiw
Pre-Specified Group (n=171) (n=173) (n=171)
Preferred Tem n(%) n (%) n (%)
‘Subjects with pre-specfied events 58 (304) 137 (792) 127 743)
Cytopenia 423 962 (11
Haematocri decreased 0000 000 108)
Leukopenia 2012 4@y 76
Lymphocyte count decreased 000 108) 000
Lymphopena 1(08) 1(08) 318
Monocyte count decreased 0009 108) 000
Monocytopenia 0000 000) 108)
Neuropenia 108) 8@5) 1378
Pancytopenia 0000 0(00) 108
Red blood cell count decreased 0000 0(00) 108)
Thrombocytopenia 1008) 0000) 529
Wnte blood cell count decreased 0000 000) 108)
Depression and Suicdal Ideaton (82 1164 E2)
Depressed mood 2012 202 0000
Depression 10(58) 9(52) 1“@E2)
Dysthymic disorder 108) 0(00) 0(00)
Memory impairment 0009 108) 108)
Mood tered 108) 0000) 000
Fiu Like Syndrome 34(199) 122(705) W3 (544)
Infuenza ke iiness. 34(199) 122(705) 93(544)
Hepati Disorders B 1602) w9
Alanine aminotransterase increased 5(29) 11(84) #(82)
Aspartate aminotansferase increased 3018 952) 10(58)
Blood alkaline phosphatase increased 0000 108) 0(00)
Blood biliubin increased 0(00) 108) 0(00)
Gamma-ghtamyiransferase increased 0(00) 108) 108)
Hepatic enzyme increased 108) 108) 3019
Hepatcpan 0(00) 108) 0(00)
Hyperbiirubinaema 0000 0(00) 108)
Liver disorder 0(00) 0(00) 108)
Transaminases increased 108) 1008) 0(0.0)
Hypersensitviy Reactons. 164) 10(58) 16(04)
Allergic cough 108) 0(00) 0(00)
Adlergic pharyngits. 108) 0(00) 0(00)
Asthma 0(00) 0(00) 108)
Bronchospasm 108) 0(00) 0(00)
Dermatits atergic 108 108) 202)
Erythema. 1(08) 00 529
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Pre-Specified Group (n=59) (n=30) (n=31)
Preferred Term n (%) n (%) n (%)

Subjects with pre-specified events 36 (61.0) 10 (33.3) 14 (45.2)
Cytopenia 5(8.5) 5(16.7) 4(129)
Leukopenia 2(34) 3(10.0) 3@7)
Lymphopenia 2(34) 1(33) 132)
Neutopenia 3(5.1) 2(67) 0(0.0)
Thrombocytopenia 1(1.7) 3(10.0) 132)
Depression and Suicidal ideation 3(5.1) 0(0.0) 1(32)
Depressed mood 101.7) 0(0.0) 0(0.0)
Depression 2(34) 0(0.0) 132)
Flu Like Syndrome 24 (40.7) 3(10.0) 8(258)
Influenza like illness 24(40.7) 3(10.0) 8(25.8)
Hepatic Disorders 5(8.5) 4(133) 3(97)
Alanine aminotransferase increased 3(5.1) 3(10.0) 3@7)

Aspartate aminotransferase

increased 4(8.8) 133) 3(07)
Hepatic enzyme increased 101.7) 133) 0(0.0)
Hypersensitivity Reactions 101.7) 0(0.0) 0(0.0)
Asthma 101.7) 0(0.0) 0(0.0)
Drug hypersensitivity 11.7) 0(0.0) 0(0.0)
Injection Site Reaction (ISR) 15(25.4) 3(10.0) 4(129)
Injection site erythema 13(22.0) 3(10.0) 4(129)
Injection site pain 0(0.0) 0(0.0) 2(65)
Injection site pruritus 10.7) 0(0.0) 0(0.0)
Injection site reaction 1(1.7) 0(0.0) 0(0.0)
Skin Rashes. 1(1.7) 0(0.0) 132)
Dermattis contact 0(0.0) 0(0.0) 132)
Drug hypersensitivity 1(1.7) 0(0.0) 0(0.0)
Thyroid Disorders 2(34) 0(0.0) 1(32)
Goitre 101.7) 0(0.0) 0(0.0)
Thyroxine increased 101.7) 0(0.0) 132)
Tri-iodothyronine increased 1(1.7) 0(0.0) 0(0.0)

‘MedDRA dictionary version 13.0.
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Gastrointestinal disorders
‘Pancreatic necrosis

Injury. poisoning and procedural complications
Post procedural haematoma

0.4 (1/249.58)

04(1/249.66)

0.0(0/288.68)

0.0(0/288.68)

0.0(0/282.76)

0.0(0/282.76)
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Laboratory (@®=171) (2=173) (2=171)
Parameter Statistics (%) (%) n(%)
TotlBilimbin 1 (missing) 169 ) 1703) 1710
(UMOLIL) Out of Range 0(0.0) 0(00) 0 0.0)
Grade 0 153 (90.5) 160 (94.1) 162 (94.7)
Grade 1 15( 89) 7¢41) 8(47)
Grade 2 1006 3(189) 1(06)
Grade 3 0(0.0) 0(0.0) 0( 0.0
Grade 4 0( 0.0) 0( 0.0) 0( 0.0
AST (SGOT) P 169 ) 170 3) 1710
vy Out of Range 000 0 00) 0( 0.0)
Grade 0 145 (85.8) 135 (79.4) 86(503)
Grade 1 21324 30017.6) 70409)
Grade 2 3(18) 5(29) 13(7.6)
Grade 3 0( 0.0) 0(0.0) 2(12)
Grade 4 0(0.0) 0(00) 0(00)
ALT (SGPT) & (missing) 169 ) 170 3) 171 0)
@UL) Out of Range 0(0.0) 0(00) 0 00)
Grade 0 130 (76.9) 111(65.3) 65(38.0)
Grade 1 31(183) 43053) 7@
Grade 2 7¢4D) 10( 59 2029
Grade 3 1(06) 6(35) 11( 64)
Grade 4 0( 0.0) 0( 0.0) 1€ 0.6)
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Laboratory Parameter Baseline Value Status @=17) @=173) (@=171)
T3 (NMOLL) ‘Post Baseline Value Available (missing) 1160 134G9) 13368
Aay Stars @ 18062) 20048) 1LY
<LIN® 0/1000) or0(NA) 0/0(NA)
LIN<ULN® 157106 (142) 17125036 25/130092)
SULN® 3/4050) 3/9(333) 3/301000)
Missing 0/0(N4) o/o0uA) 0/005A)
T4 (\MOLL) ‘Post Baseline Value Available (missing) 1160 134G9) 133 G8)
Aay Starus @ 1nE9) 18034 018
<LIN® 0/0(N4) 1/10000) 0/1000)
LIN<ULN® 7/106(6.6) 17/133(12.8) 25/128(19.5)
>ULN® 4/5(800) 0/0(NA) 47401000
Missing * 0/0(NA) 0/0@NA) 0/0QNA)
Thyrotropin (MIUL) ‘Post Baseline Value Available (missing) 111(60) 13439 133 38)
Aay Stamus @ 100.0) 1307 16020
<uN® 2/2(100.0) 3/6(500) 2/2(100.0)
LIN<ULN® 5/106(47) 10/12808) 13/1280102)
>UIN® 3/3(1000) 0/00uA) 173633
Missing 0/0NA) 0/0MA) 0/0(NA)
Thyroid Peroxidase (UML) ‘Post Baseline Value Availsble (missing) 108 (83) 133 30) 128683)
Aay Starus @ 2@y 19043) 25095)
<LIN® 0/0QNA) 0/0(NA) 0/0(NA)
LIN<ULN® 319562 61119 (5.0) 2/11062)
>ULN® 9/10900) 13713 1000) 16718 389)
Missing ® 0/3(00) 0/100.0) 0/0MNA)

REBIF27025 MONTH2A TABLES PGMT_14_3_2_03 SAS T1JAN201T

LLN = Lower Limit of Normal. ULN = Upper Limit of Normal

Note: Outside safefy range = value < LLN or value > ULN.

(@) Denominator = sumber of subjects with at least one post baselie value during the DB treament period.

(%) Denominator = number of subjects with baseline stams under consideration and with at least one post baseline value during the DB weatment period.
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Characteristic Statistics (n=171) (n=173) (n=171)

BAb Status at Month

24L0V.n (%) n (missing) 182(2) 188(5) 182(2)
Negative 155 (91.7) 128 (762) 138 (80.5)
Positive 14(83) 40(238) 33(105)
Exact 95% CI 46:135 17.6:31.0 138:263

'NAD Stats at Month

24L0V.n (%) n (missing) 182 (2) 188 (5) 182 (2)
Negative 163 (06.4) 140(83.3) 144 (852)
Positive 6(36) 28(167) 25(14.8)
Exact 95% CI 13:76 114:232 958:211

NAb Category at

Month 24 LOV. n (%)  n (missing) 182 2) 168 (5) 189 (2)
Negative (BAb-) 155 (91.7) 128(762) 136 (80.5)
Negative (BAb +) ™ 7(40) 8(48) 5(30)
Negative (1-<20) 1(086) 4(24) 3(18)
20-<100 1(086) 8(38) T(40)
100- <500 1(08) 12(7.9) 4(24)
500 - <1000 2(12) 0(09) 0( 00)
>=1000 2(12) 10( 60) 14(83)

‘Anyime NAD

Positve'®. n (%) n (missing) 169 (2) 168 (5) 189 (2)
Yes 8(47) 31(185) 26(154)
No 161(95.3) 137 (81.5) 143 (84.6)

Sero-Reversion ¥, n

(%) n (missing) 1692) 168 (5) 1602)
Yes 2(12) 3(18) 1(08)
No 167 (28.8) 165 (982) 168 (20.4)

Persistent Positve

n(%) n (missing) 182 (2) 188 (5) 169 (2)
Yes 3(18) 2(13.1) 19(112)
No 166 (98.2) 148 (86.9) 150 (88.8)

(3) BAb negative therefore NAD testing was not performed.
(b) BAb posiive but NAD tter is below detection so therefore not recorded.
() NAb postive results at any of the post-baseline visits up 1o the end of the Whole study period.

(d) NAD positive result at any post-baseline visit but NAD results reverted to negative at the last testing point.
(e) Positive result at both the second last and last visit of the whole study period.
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Placebo IFN B-1a, Overall

(n=171) 44 ug sc tiw (including 44
(n=171) Hg sc qw)
(n=517)

21 Gd+ lesions at baseline 72 (42.1) 68 (39.8) 212 (41.0)

21 T2 lesions in 2 of 3 locations (periventricular,

juxtacortical or infratentorial)* and/or multifocal 139 (81.3) 144 (84.2) 431 (83.4)
presentation (by adjudication committee)

R Sea
Fulfilling McDonald 2010 MS criteria® (both of 67 (39.2) 62 (36.3) 195 (37.7)

the above)

Data are presented as n (%).

*The McDonald 2010 MS criteria specify 21 T2 lesions in 22 of 4 MS-typical regions of the central nervous
system; the REFLEX study did not assess spinal cord location.

Gd+, gadolinium-enhancing; IFN, interferon; MS, multiple sclerosis; qw, once weekly; sc, subcutaneously;
SD, standard deviation; tiw, three times weekly.
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McDonald 2010

MS negative McDonald 2010
Intent-to-treat (“true CIS”) MS positive
Characteristic (n=517) (n=322) (n=195)
Age, mean (SD), years 30.7 (8.2) 31.8(8.3) 289 (7.6)
Women 332 (64.2) 205 (63.7) 127 (65.1)
Time since first demyelinating event, ~ 57.6 (3.8) 57.7(3.7) 57.5(4.0)
mean (SD), days
Classification of first clinical 300 (58.0) 204 (63.4) 96 (49.2)
demyelinating event as monofocal®
Steroid use at first clinical 365 (70.6) 239 (74.2) 126 (64.6)
demyelinating event
Number of T1 Gd+ lesions, mean 13(29) 0.1(0.8) 33(39)
(SD)
Presence of Gd+ lesions at baseline 213 (41.2) 18 (5.6) 195 (100)
Number of T2 lesions, mean (SD) 22.3(20.0) 17.6 (15.7) 29.8(234)
Presence of 29 T2 lesions at baseline 377 (72.9) 201 (63.0) 174 (89.2)

Data are presented as n (%) unless indicated otherwise.

®According to the investigator.

Gd+, gadolinium-enhancing; MS, multiple sclerosis; SD, standard deviation.
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Cumulative probability at

Treatment effect

2 years (%)
Baseline IFN B-1a, Placebo Hazard ratio p-value"
McDonald 44 g sc (95% CI)
2010 status tiw
All patients® 63 86 tiw vs placebo  0.49 [0.38, 0.64] <0.001
Negative® 53 79 tiw vs placebo  0.49 [0.35;0.69] <0.001
Positive® 79 97 tiw vs placebo  0.54 [0.37;0.78] 0.001

“Data for patients treated with 44 mcg sc qw are not presented.
“p-value calculated by a Cox proportional hazards model, with treatment and MS status (McDonald or

CDMS: yes or no) as covariates.

Cl, confidence interval; IFN, interferon; MS, multiple sclerosis; sc, subcutaneously; tiw, three times weekly.
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Cumulative probability at Treatment effect

2 years (%)
Baseline IFN B-1a, Placebo Hazard ratio (95% p-value®
McDonald 44 pg sc (1))
2010 status tiw
All patients 21 38 tiw vs placebo 0.48[0.31,0.73] <0.001
Negative 19 32 tiw vs placebo 0.53[0.30;0.93] 0.028
Positive 24 46 tiw vs placebo 0.44[0.23:0.83] 0.011

2 Data for patients treated with 44 mcg sc qw are not presented.

bp-value calculated by a Cox proportional hazards model, with treatment and MS status (McDonald or
CDMS: yes or no) as covariates.

CDMS, clinically definite multiple sclerosis; IFN, interferon; MS, multiple sclerosis;sc, subcutaneously; tiw,
three times weekly.
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Cumulative probability at 2 years (%)

Baseline IFNB-1a, IFNB-1a, Placebo Treatment effect (hazard ratio, 35% CI) p-value®
McDonald d4ug 44pg
2010 status ~ sctiw scqw

Al patients 63 7% 8 tiw vs placebo —-_— <0.001
qw vs placebo — 0.002

tiw vs qw —— 0.008

Negative 83 67 L] tiw vs placebo —.— <0.001
qw vs placebo —— 0040

tiw vs qw —— 0040

Positive ] 90 97 tiw vs placebo —— 0.001
qw vs placebo —— 0023

tiw vs QW —— 0232

r + + +

00 05 10 15 20

Covariate effect* <0.001.
*p-value calculated by a Cox proportional hazards model with treatment and MS status (McDonald or CDMS: yes or no) as

covariates.
Cl, confidence interval; HR, hazard ratio; IFN, interferon; MS, multiple sclerosis; qw, once weekly; sc, subcutaneous; tiw, three
times weekly.
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Modified ITT population — McDonald 2010 MS positive at baseline
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Time to conversation to McDonald 2005 MS

*For cumulative incidence curves for the full ITT population, see Poster P911 in this session.
D. Day: IFN. interferon: ITT. intent-to-treat: MS. multiple sclerosis: qw, once weekly: sc. subcutaneous: tiw, three times weekly.
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Time to conversion to COMS

*For cumulative incidence curves for the full ITT population, please see Poster P911 in this session.
CDMS, clinically definite multiple sclerosis; D, Day; IFN, interferon; ITT, intent-to-treat; MS, multiple sclerosis; qw, once weekly;
sc, subcutaneous; tiw, three times weekly.
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