Therapeutic Goods Administration



	20 December 2013


	AusPAR Attachment 2

	Extract from the Clinical Evaluation Report for Peginterferon beta 1a (rch)

	Proprietary Product Name: Plegridy

	Sponsor: Biogen Idec Australia Pty Ltd




About the Therapeutic Goods Administration (TGA)
· The Therapeutic Goods Administration (TGA) is part of the Australian Government Department of Health, and is responsible for regulating medicines and medical devices.
· The TGA administers the Therapeutic Goods Act 1989 (the Act), applying a risk management approach designed to ensure therapeutic goods supplied in Australia meet acceptable standards of quality, safety and efficacy (performance), when necessary.
· The work of the TGA is based on applying scientific and clinical expertise to decision-making, to ensure that the benefits to consumers outweigh any risks associated with the use of medicines and medical devices.
· The TGA relies on the public, healthcare professionals and industry to report problems with medicines or medical devices. TGA investigates reports received by it to determine any necessary regulatory action.
· To report a problem with a medicine or medical device, please see the information on the TGA website <http://www.tga.gov.au>.
About the Extract from the Clinical Evaluation Report
This document provides a more detailed evaluation of the clinical findings, extracted from the Clinical Evaluation Report (CER) prepared by the TGA. This extract does not include sections from the CER regarding product documentation or post market activities.
The words [Information redacted], where they appear in this document, indicate that confidential information has been deleted.
For the most recent Product Information (PI), please refer to the TGA website <https://www.tga.gov.au/product-information-pi>.
Copyright
© Commonwealth of Australia 2013
This work is copyright. You may reproduce the whole or part of this work in unaltered form for your own personal use or, if you are part of an organisation, for internal use within your organisation, but only if you or your organisation do not use the reproduction for any commercial purpose and retain this copyright notice and all disclaimer notices as part of that reproduction. Apart from rights to use as permitted by the Copyright Act 1968 or allowed by this copyright notice, all other rights are reserved and you are not allowed to reproduce the whole or any part of this work in any way (electronic or otherwise) without first being given specific written permission from the Commonwealth to do so. Requests and inquiries concerning reproduction and rights are to be sent to the TGA Copyright Officer, Therapeutic Goods Administration, PO Box 100, Woden ACT 2606 or emailed to <tga.copyright@tga.gov.au>.
[image: ]

Therapeutic Goods Administration

	Submission PM-2013-02425-1-1 Extract from the Clinical Evaluation Report for Peginterferon beta 1a (rch) Plegridy
	Page 5 of 122



Contents
List of commonly used abbreviations	5
1.	Clinical rationale	7
2.	Contents of the clinical dossier	9
2.1.	Scope of the clinical dossier	9
2.2.	Paediatric data	9
2.3.	Good clinical practice	9
3.	Pharmacokinetics	9
3.1.	Studies providing pharmacokinetic data	9
3.2.	Summary of pharmacokinetics	10
3.3.	Pharmacokinetics in healthy subjects	12
3.4.	Pharmacokinetics in the target population	19
3.5.	Pharmacokinetics in other special populations	19
3.6.	Pharmacokinetic interactions	23
3.7.	Evaluator’s overall conclusions on pharmacokinetics	24
4.	Pharmacodynamics	25
4.1.	Studies providing pharmacodynamic data	25
4.2.	Summary of pharmacodynamics	26
4.3.	Evaluator’s overall conclusions on pharmacodynamics	33
5.	Dosage selection for the pivotal studies	34
5.1.	Dose equivalence with Avonex	34
5.2.	Accumulation between doses	35
5.3.	Frequent versus infrequent interferon beta 1a treatment in MS	36
5.4.	Single-dose tolerability	38
5.5.	Multi-dose tolerability	39
5.6.	Overall conclusions on the appropriateness of dose selection	41
6.	Clinical efficacy	41
6.1.	Pivotal efficacy study, 105MS301 (Study 301, n=1512)	42
6.2.	Extension study, 105MS302	68
6.3.	Analyses performed across trials	74
6.4.	Supportive evidence from related beta-interferon studies	74
6.5.	Sponsor’s justification for performing a single pivotal efficacy study	76
6.6.	Evaluator’s conclusions on clinical efficacy	77
7.	Clinical safety	78
7.1.	Studies providing evaluable safety data	78
7.2.	Patient exposure	80
7.3.	Adverse events	83
7.4.	Laboratory tests	97
8.	Post-marketing experience	109
8.1.	Safety issues with the potential for major regulatory impact	110
8.2.	Other safety issues	113
8.3.	Evaluator’s overall conclusions on clinical safety	114
9.	First round benefit-risk assessment	115
9.1.	First round assessment of benefits	115
9.2.	First round assessment of risks	116
9.3.	First round assessment of benefit-risk balance	116
10.	First round recommendation regarding authorisation	116
11.	Clinical questions	117
11.1.	Pharmacokinetics	117
11.2.	Pharmacodynamics	117
11.3.	Efficacy	117
11.4.	Safety	117
12.	Second round evaluation of clinical data submitted in response to questions	117
13.	References	118

[bookmark: _Toc351716269][bookmark: _Toc351718881][bookmark: _Toc355338616]

[bookmark: _Toc413843665]List of commonly used abbreviations
	Abbreviation
	Meaning

	9HPT
	9-hole peg test

	Ab 
	antibody

	AE
	adverse event

	ARR
	annualised relapse rate

	AUC
	area under the curve

	AUC0-168, AUC0-240
	AUC up to 168 h post-dose, 240 h post-dose

	AUC0-inf
	area under the time-concentration curve from time zero to infinity

	BAb
	binding antibody

	BIIB017
	peginterferon beta-1a

	BMI
	body mass index

	CHMP
	Committee for Medicinal Products for Human Use

	CI
	confidence interval

	CL/F
	apparent total body clearance

	Cmax
	maximum serum concentration

	CNS
	central nervous system

	CPE
	cytopathic effect

	CSR
	clinical study report

	CV
	coefficient of variation

	DMT
	disease-modifying treatment

	EAUCt
	area under the effect-time curve partial

	EDSS
	Expanded Disability Status Scale

	eGFR
	estimated glomerular filtration rate

	ELISA
	enzyme-linked immunosorbent assay

	Emax
	peak concentration observed minus baseline concentration

	EQ-5D
	EuroQoL (quality of life) questionnaire consisting of 5 domains

	ESRD
	end stage renal disease

	Gd
	gadolinium

	HV
	healthy volunteers

	IFN β
	interferon beta

	IFN β-1a
	interferon beta-1a

	IM
	intramuscular

	INEC
	Independent Neurology Evaluation Committee

	ITT
	intent-to-treat

	IXRS
	Interactive Voice/Web Response System

	kDa
	kiloDalton

	MDRD
	Modification of Diet in Renal Disease

	MIU
	million international units

	MRI
	magnetic resonance imaging

	mRNA
	messenger ribonucleic acid

	MS
	multiple sclerosis

	MSIS
	Multiple Sclerosis Impact Scale

	MSFC
	MS Functional Composite

	N/A
	not applicable

	NAb
	neutralising antibody

	NC
	not calculated

	NCA
	non-compartmental analysis

	OAS,  OAS 2’,5’
	oligoadenylate synthetase

	PASAT
	Paced Auditory Serial Addition Test

	PD
	pharmacodynamic

	PEG
	polyethylene glycol

	PFP
	prefilled pen

	PFS
	prefilled syringe

	PI
	Product Information

	PK
	pharmacokinetic

	PP
	per-protocol

	PPMS
	primary progressive multiple sclerosis

	Q2W
	every 2 weeks

	Q4W
	every 4 weeks

	qPCR
	real-time (quantitative) PCR

	RI
	renal impairment

	RNA
	ribonucleic acid

	RRMS
	relapsing remitting multiple sclerosis

	SAE
	serious adverse event

	SC
	subcutaneous

	SCE
	Summary of Clinical Efficacy

	SD
	standard deviation

	SF-12
	12-Item Short Form Health Survey

	t½
	terminal half-life

	TEAE
	treatment-emergent adverse event

	Tmax
	time to peak concentration


[bookmark: _Toc351718900][bookmark: _Toc355338635][bookmark: _Toc413843666]Clinical rationale
Multiple sclerosis (MS) is the most common chronic neurological disease of young adults. It is an inflammatory disease of the central nervous system (CNS), with characteristic plaques of demyelination, which represent sites of myelin destruction. Plaques are most common in the white matter of the CNS but may also affect the grey matter.
MS may show a number of different temporal patterns. In the most common form, relapsing and remitting MS (RRMS), patients experience bouts of inflammation (“relapses”) followed by complete or partial recovery (“remissions”). The symptoms of each relapse depend on which part of the CNS is affected, and may involve focal weakness, incoordination, sensory loss, visual disturbance or bladder and bowel dysfunction.
Most subjects with RRMS eventually show sustained progression of disability, arising from a combination of incomplete recovery from discrete relapses, the cumulative effect of poorly defined or subclinical relapses, and background progression of disease between relapses.. This phase is known as secondary progressive MS. It is usually subdivided according to whether identifiable relapses are still occurring.
In the less common form of the disease, primary progressive MS (PPMS), patients show progressive disease from the onset of the disease, without ever exhibiting identifiable relapses. Such patients generally show a poor response to immune-modifying treatments.
The aetiology of MS remains unclear despite decades of research, but it is widely considered to be an autoimmune disease. Active plaques show lymphocytic infiltration of the brain parenchyma, the cerebrospinal fluid shows bands of antibodies on electrophoresis, and immunosuppressive treatments including steroids can suppress disease activity.
The treatment of MS usually involves a combination of symptomatic treatments (such as antispasm agents or analgesia), corticosteroids for acute relapses, and disease-modifying agents that seek to alter the course of the disease. The beta interferons (Avonex, Rebif and Betaferon) have been used for many years as disease-modifying agents in the treatment of RRMS. Along with glatiramer acetate (Copaxone), these injectable agents have been considered first-line treatments, capable of reducing relapse rate and slowing progression of disease.
More recently, several oral therapies have been developed, and monoclonal antibodies such as natalizumab have been employed, directed at various targets in the immune system. None of the treatments is capable of suppressing all disease activity, though some patients achieve lasting states of remission. Natalizumab is particularly effective, but its use is associated with a risk of progressive multifocal leukoencephalopathy (PML), a very serious cerebral disease caused by opportunistic infection with the JC virus. The oral treatments are associated with some safety concerns. Fingolimod may cause macular swelling with visual loss, as well as first-dose bradycardia that has at least once been fatal. Teriflunomide has some nuisance side effects, and exhibits only moderate efficacy compared to the interferons. Dimethyl fumarate appears to be reasonably safe, but can cause flushing and diarrhoea. Cladribine is no longer marketed because of safety issues. The chemotherapy agent mitoxantrone has been used as a second-line MS agent, but it causes cumulative cardiac toxicity that limits its use.
The traditional first-line injectable agents, including Avonex, also have a number of side effects, but most of these represent tolerability issues rather than safety concerns. The interferons can cause flu-like malaise, mood changes, fatigue, an increase in spasm, and derangements of liver and thyroid function tests. Subjects can develop antibodies to the injected treatment, which is usually considered an efficacy concern rather than a safety issue, because the antibodies may neutralise the desired pharmacological effects of the interferon. Glatiramer acetate is often better tolerated but may cause flushing. All of the injectable treatments can cause injection-site reactions. Patients may also develop “injection fatigue”, characterised as an increasing reluctance to inject, increasing problems with compliance, and eventual abandonment of the treatment.
Peginterferon does not offer a new mechanism of action, and its side effects are expected to be similar to existing interferons, but the proposed dosing regimen. with injections every two weeks, is likely to be welcomed by patients. Existing injectable treatments require injection every day, in the case of glatiramer acetate, 3-4 times per week, in the case of Betaferon and Rebif, or once per week, in the case of Avonex. If peginterferon delivered the same efficacy as these existing treatments, but with less injections, this would reduce the overall burden of treatment. There could be resulting improvements with compliance, though this has not been directly demonstrated.
[bookmark: _Toc413843667]Contents of the clinical dossier
[bookmark: _Toc413843668]Scope of the clinical dossier
The submission contained the following clinical information:
Module 5
4 clinical pharmacology studies, all of which provided pharmacokinetic and 3 of which provided pharmacodynamic data.
1 population pharmacokinetic analysis based on the pivotal efficacy study.
1 pivotal efficacy/safety study, with its dose-blinded extension.
[bookmark: _Toc413843669]Paediatric data
The submission did not include paediatric data. The draft PI includes the comment:
“The safety and efficacy of PLEGRIDY in patients below 18 years of age has not been studied.”
[bookmark: _Toc413843670]Good clinical practice
The clinical summaries and individual study reports contained assurances that the studies were performed in accordance with Good Clinical Practice (GCP), and the studies described appear to have been conducted in a professional and ethical manner.
[bookmark: _Toc355338639][bookmark: _Toc413843671]Pharmacokinetics
[bookmark: _Ref271017296][bookmark: _Ref271018924][bookmark: _Ref271018934][bookmark: _Toc272414614][bookmark: _Toc290846238][bookmark: _Toc375835776][bookmark: _Toc413843672]Studies providing pharmacokinetic data
The sponsor submitted four Phase 1 PK studies, as well as a PK/PD substudy based on intensive sampling of a small group of subjects from the pivotal efficacy study, and a population-PK report based on sparse sampling of all subjects in the pivotal efficacy study. Table 1, below, shows the studies relating to each pharmacokinetic topic.
None of the pharmacokinetic studies had deficiencies that excluded their results from consideration.
[bookmark: _Ref272426277][bookmark: _Toc375835777][bookmark: _Toc375835939]Table 1. Submitted pharmacokinetic studies.
	PK topic
	Subtopic
	Study ID
	*

	PK in healthy adults
	General PK	- Single dose
	105HV101
	*

	
		- Multi-dose
	105HV102
	*

	
	Bioequivalence of different routes of administration - Single dose, SC vs IM
	105HV101
	

	
		- Single dose, PFP vs AI
	105HV103
	*

	
		- Multi-dose
	n/a
	

	
	Food effect
	n/a
	

	PK in special populations
	Target population §- Single dose
	n/a
	

	
		- Multi-dose
	Intensive PK substudy of 105MS301
	

	
	Hepatic impairment
	n/a
	

	
	Renal impairment
	105RI101
	*

	
	Neonates/infants/children/adolescents
	n/a
	

	
	Elderly
	n/a
	

	Genetic/gender-related PK
	Males vs. females
	Pop-PK analysis of 105MS301
	

	PK interactions
	Multiple drugs
	Pop-PK analysis of 105MS301
	

	Population PK analyses
	Healthy subjects
	n/a
	

	
	Target population
	105MS301
	


* Indicates the primary aim of the study.
§ Subjects who would be eligible to receive the drug if approved for the proposed indication.
PFP – pre-filled pen, AI – auto-injector
Erratum: Comparative pharmacokinetic studies 105HV101 and 105HV103.
[bookmark: _Ref269118175][bookmark: _Toc272414616][bookmark: _Toc290846239][bookmark: _Toc375835778][bookmark: _Toc413843673]Summary of pharmacokinetics
The information in the following summary is derived from conventional pharmacokinetic studies unless otherwise stated.
Table 2. Summary of pharmacokinetics in healthy volunteers, renal impairment subjects and MS subjects
[image: ]
Table 2 continued. Summary of pharmacokinetics in healthy volunteers, renal impairment subjects and MS subjects
[image: ]
[bookmark: _Ref271189106][bookmark: _Ref271189143][bookmark: _Toc272414618][bookmark: _Toc290846241][bookmark: _Toc375835780][bookmark: _Toc413843674]Pharmacokinetics in healthy subjects
[bookmark: _Toc272414619][bookmark: _Toc290846242][bookmark: _Toc375835781]Absorption
[bookmark: _Ref374347307]Sites and mechanisms of absorption
As a complex protein, peginterferon is not expected to be effective orally, because it would face degradation by digestive processes in the gut. Instead, like other interferons including non-pegylated interferon beta-1a, it must be administered subcutaneously (SC) or intramuscularly (IM). The sponsor has proposed the SC route.
Following SC injection, peginterferon reaches a peak concentration in 1-1.5 days post-dose, as shown in the following table and figure from the main single-dose Phase 1 PK study, 105MS101. This study compared the PK of three different doses of peginterferon (63mcg, 125mcg and 188mcg), administered by the SC or IM route, with that of non-pegylated interferon beta 1-a (Avonex, 30mcg) administered via the IM route. Note that, although the dose of Avonex used in this study was lower than the peginterferon doses when measured in micrograms, it was equivalent in terms of international units of interferon beta, as quantified by a cyopathic effect (CPE) assay. This partly reflects the fact that each molecule of peginterferon is almost twice as heavy as a non-pegylated interferon molecule.
The median Tmax for IM and SC peginterferon ranged from 30-36 hours, compared to 12 hours with IM Avonex.
The median Cmax for peginterferon was approximately 2-fold higher with peginterferon 63mcg  (6MIU) than with Avonex 30mcg (also 6MIU), reaching 41.6 IU/mL via the IM route and 38.9 IU/mL via the SC route, compared to 20.8 IU/mL with IM Avonex. Higher doses of peginterferon (125mcg/12MIU and 188mcg/18MIU) produced proportionately higher Cmax values, with a similar Tmax. The AUC for peginterferon was also increased, but this partly reflects delayed clearance, rather than differences in absorption.
Table 3. Median (range) pharmacokinetic parameters based in CPE assay (Study 105HV101).
[image: ]
Figure 1. Pharmacokinetic profiles of BIIB017 SC administration at a dose of 63 mcg, 125 mcg or 188 mcg and of IFN beta-1a following a dose of 30 mcg IM (Study 105HV101)
[image: ]
[bookmark: _Toc241374287][bookmark: _Toc272414620][bookmark: _Toc290846243][bookmark: _Toc375835782]Bioavailability
Considerations of oral bioavailability do not apply to this drug, but the availability of peginterferon from sites of injection appears to be incomplete in some subjects, given the high degree of inter-individual variability in exposure that was observed after SC or IM injection of standardised amounts in the Phase 1 studies. This is discussed further in Section Intra- and inter-individual variability of pharmacokinetics.
The sponsor did not compare the bioavailability of peginterferon via the IM or SC route to the theoretically complete exposure achieved with intravenous injection, so the extent of absorption via these routes remains unclear.
The sponsor did compare the IM and SC route, however, finding no substantial differences in bioavailability. Study 105HV101 compared the PK of three different doses of peginterferon (63mcg, 125mcg and 188mcg), administered by the SC or IM route, with that of non-pegylated interferon beta 1-a (Avonex, 30mcg) administered via the IM route. There were no substantial or consistent differences between the IM and SC routes, when matched for dose (see the table above).
The sponsor also performed a small study comparing absorption after injection with a pre-filled syringe (PFS) or an auto-injector (AI), also known as a pre-filled pen (PFP). Although this study was unblinded and descriptive in nature, no substantial differences were seen with the two devices (see the figure below).
Figure 2. Median serum concentrations of peginterferon beta-1a
[image: ]
[bookmark: _Toc241374288][bookmark: _Toc272414621][bookmark: _Toc290846244][bookmark: _Toc375835783]Distribution
Volume of distribution
According to the sponsor’s draft Product Information (PI) sheet, peginterferon is distributed with a volume of distribution of 481 ± 105 L (mean±SE). This value appears to be derived from the Week 24 dose in the intensive PK subgroup of the pivotal study, in subjects receiving peginterferon at the proposed dose (125mcg) and frequency (Q2W).
Results in the 125mcg Q4W group of the same study were substantially different (mean volume of distribution 726 L), and the range across subjects was large (minimum 84L; maximum 2399 L), suggesting that the volume of distribution is itself highly variable or that variation in absorption from injection sites has led to errors in calculating this value.
Plasma protein binding
Plasma protein binding was not discussed by the sponsor. As peginterferon is itself a large protein, it is not expected to be bound significantly to plasma proteins.
Erythrocyte distribution
Erythrocyte distribution was not discussed by the sponsor, but is not expected to be significant given that peginterferon is a large protein.
[bookmark: _Ref370720736]Tissue distribution
Tissue distribution was not addressed in any clinical (human) studies, but was the subject of a preclinical study in guinea pigs. The sponsor summarises this preclinical evidence as follows (emphasis added):
It was important to evaluate the effects of pegylation on the distribution of interferon beta-1a and to determine if the distribution profile of the protein had been modified by pegylation. Thus, a single dose study in guinea pigs (Study P017-10-01) was conducted comparing the tissue distribution of 125I-labeled BIIB017 and 125I-labeled interferon beta-1a (2.6.4 Pharmacokinetics Written Summary, Section 4.1). Based on the Q2W or the Q4W dosing frequencies used in the pivotal Phase 3 study and the half-life of BIIB017 in humans of 36-60 h [Hu 2012], BIIB017 is not anticipated to accumulate following repeat doses, thus a single dose was selected. The tissue distribution of BIIB017 and interferon beta-1a was similar with highest exposure in the kidney, spleen, liver, and lung; and lower exposure in brain and spinal cord. However, due to the larger molecular size of BIIB017, BIIB017 distribution was more restricted to serum and less distributed to tissues as compared to interferon beta-1a. This is consistent with the low volume of distribution observed in PK studies in rats [Baker 2006] and rhesus monkeys (Study P017-06-01). The estimated half-life of BIIB017 in highly-distributed tissues was similar to that of BIIB017 in serum, indicating similar elimination rates of BIIB017 in these tissues, as compared to the elimination rate in serum. Similar to interferon beta-1a, renal clearance was the major clearance route of BIIB017. The majority of the radioactivity was recovered in urine, 84.5 and 63.6% recovered for BIIB017 and interferon beta-1a, respectively.
The radioactivity present in urine was primarily associated with molecules with molecular weights less than 12.3 kDa, with no intact BIIB017 detected. In contrast, SDS-PAGE indicated that radioactivity present in serum (up to 72 h post-dose), in spleen and kidney (up to 24 h postdose), and liver (up to 6 h post-dose) was primarily associated with the intact pegylated interferon beta-1a. In summary, the tissue distribution study demonstrated that BIIB017 had a similar tissue distribution as interferon beta-1a, but was more restricted to serum and less distributed to tissues. The similar distribution profile for BIIB017 and interferon beta-1a is consistent with the toxicology data where no new toxicology findings were observed for BIIB017. (Section 3.4, Non-clinical Overview, p25 of 45).
A critical assessment of these claims is beyond the scope of this clinical evaluation report.
[bookmark: _Toc272414622][bookmark: _Toc290846245][bookmark: _Toc375835784]Metabolism
Interconversion between enantiomers
Not applicable.
Sites of metabolism and mechanisms / enzyme systems involved
The sponsor did not perform any human studies exploring the sites of metabolism of peginterferon. According to the draft PI, the sponsor postulates that renal elimination is a major excretory pathway for peginterferon, but the extent of extra-renal metabolism was not directly addressed. Indirect estimations of non-renal clearance were derived from a clinical study in subjects with renal impairment, using a linear regression model in which renal clearance accounted for 47% of clearance, leaving 53% of clearance (95%CI 33-77%) to be accounted for by non-renal mechanisms.
As a large, complex protein, peginterferon would be expected to undergo proteolysis, and the preclinical mass-balance study in guinea pigs, cited above, includes the observation that “The radioactivity present in urine was primarily associated with molecules with molecular weights less than 12.3 kDa, with no intact BIIB017 detected.” This indicates substantial pre-renal proteolysis, at least in guinea pigs, followed by renal elimination.
Neither the PI for Avonex nor the proposed PI for peginterferon contains a detailed discussion of the mechanisms of the metabolism or clearance of interferon beta-1a. This is appropriate for Avonex, which is essentially identical to a native human immune protein, but some clarification of the metabolism of the PEG moiety would be appropriate in the case of peginterferon.
Metabolites identified in humans
Not applicable.
Consequences of genetic polymorphism
There are no known genetic polymorphisms affecting the PK of peginterferon.
[bookmark: _Toc241374289][bookmark: _Toc272414623][bookmark: _Toc290846246][bookmark: _Toc375835785]Excretion
Routes and mechanisms of excretion
The sponsor proposes that renal elimination is a major excretory pathway for peginterferon. The PEG moiety of peginterferon is partially cleared by non-renal routes, but the relative contribution of the various routes of excretion was not directly assessed in any clinical study, and was not discussed in the proposed PI.
A clinical PK study in subjects with renal impairment showed that variations in renal function accounted for a substantial part of the variation in clearance. Based on a linear regression model, renal clearance was estimated to account for 47% of the total clearance of peginterferon, with non-renal clearance accounting for the other 53%. This data is indirect, and may reflect renal contributions to variations in clearance more accurately than the true renal contribution to clearance.
The sponsor’s Summary of Clinical Pharmacology refers to preclinical data and the published literature:
With regard to free PEG, the exposure/toxicity relationship in animals and humans has been thoroughly investigated and the metabolism and excretion is also well understood. Based on the literature data, gastrointestinal organs, liver, and kidney were the major tissues in which 20 kDa free PEG was distributed [Fruijtier-Pölloth 2005; Webster 2007; Webster 2009]. Urinary clearance predominates for PEG, and hepatic metabolism and biliary excretion serve as a minor route for clearance. Specifically, in the case of 20 kDa PEG, approximately 42% of the administered dose was recovered from the urine of mice at 4 hours after intravenous (IV) dosing, indicating that the renal clearance of 20 kDa PEG might be rapid in humans [Yamaoka 1994].
It would be appropriate for the PI to contain a brief summary of this information.
The addition of a PEG moiety by covalent binding is thought to slow pre-renal proteolysis as well as reduce renal clearance, thereby extending the half-life of the circulating protein compound. In keeping with this, the half-life (t½) of peginterferon was about twice that of non-pegylated interferon beta-1a, when both were administered at a dose of 6MIU IM to healthy volunteers in the major Phase 1 single-dose PK study (t½ for peginterferon 63mcg SC, 48.4hrs; IM, 45.4 hrs; t½ for Avonex, 24.3hrs).
As with many other PK parameters derived from the submitted studies, the t½ showed significant variability between individuals and across studies. In the intensive PK cohort of the pivotal MS study, 105MS301, the t½ of peginterferon was estimated to be 78±15 hrs at steady state (at Week 24) in subjects receiving peginterferon the proposed dose (125mcg) and frequency (Q2W). In the single-dose healthy volunteer study, by contrast, the t½ for peginterferon 125mcg SC was 39.2 hrs. The sponsor did not provide any explanation for these differences. The draft PI cites the t½ derived from MS patients, which is reasonable, but omits any mention of the different results in other studies.
The mean steady-state clearance of peginterferon, as estimated in MS patients receiving the proposed dose and frequency, is 4.1 ± 0.4L/hr (mean ± SE), according to the proposed PI. This figure was derived from the PK substudy of the pivotal efficacy trial.
Mass balance studies
No mass balance studies were performed in humans. See Tissue distribution above for a brief description of a mass balance study in guinea pigs.
Renal clearance
Renal clearance is postulated as a major excretory pathway for peginterferon, a notion that is supported by preclinical studies in animals. Linear regression analysis suggests that renal clearance may account for 47% of the total clearance of peginterferon.
Renal function was not found to be a significant factor in determining the PK of subjects with MS in the pivotal efficacy study, but this is likely to reflect the exclusion of subjects with significant renal disease at baseline.
[bookmark: _Toc241374291][bookmark: _Toc272414624][bookmark: _Toc290846247][bookmark: _Ref370718263][bookmark: _Ref370718267][bookmark: _Ref370730139][bookmark: _Ref370730144][bookmark: _Toc375835786]Intra- and inter-individual variability of pharmacokinetics
In the intensive PK cohort of Study 105MS301, high inter-individual variability was observed in all PK parameters for both the Week 4 and Week 24 doses. The %CV ranges for the major parameters were as follows:
AUCtau – 41% to 68%
Cmax – 74% to 89%
t½ – 45% to 93%.
For two key measures of exposure, AUC and Cmax, an estimate of inter-individual variability across all studies can be inferred from the figure below, in which each box represents the 25th to 75th percentile, and the outer limits of the plots represent the minimum and maximum values. Despite large differences between the minimum and maximum values, the middle 50% of values cover a relatively small range.
Figure 3. AUC and Cmax comparison between healthy volunteers versus MS patients
[image: ]
Intra-individual variability was not directly assessed in any study.
[bookmark: _Toc241374292][bookmark: _Ref271189131][bookmark: _Ref271189136][bookmark: _Toc272414625][bookmark: _Toc290846248][bookmark: _Toc375835787][bookmark: _Toc413843675]Pharmacokinetics in the target population
Pharmacokinetics in the target population were studied in two ways.
Firstly, ~5% of the study population in the pivotal study (105MS301) entered an intensive PK/PD sampling cohort. Unfortunately, only a small number of patients in each active group (Q2W, n=12; Q4W, n=13) had sufficient samples for this intensive PK and PD analysis.
Secondly, all patients in the pivotal study provided samples for PK and PD analysis according to a sparsely monitored timetable, and these results were incorporated into a population-PK/PD analysis.
The pharmacokinetics of peginterferon in patients with MS are broadly similar to those demonstrated in healthy volunteers.  The figure above, in the previous section  shows the spread of AUC and Cmax values for peginterferon in all submitted studies, including the intensive PK cohort of the pivotal study. There are no systematic differences between MS subjects and healthy volunteers, with the ranges for AUC and Cmax showing substantial overlap across studies. Similarly, the multi-page table in Summary of Pharmacokinetics summarises the key PK findings in all of the submitted studies, with the results in MS subjects at the end of the table.
The population-PK analysis found that most demographic variables did not affect the PK of peginterferon, but BMI was found to have a significant influence on exposure. The range of BMIs found in the MS population are similar to those found in the general population, so this is not likely to create a systematic difference in exposure between the target population and healthy volunteers. The other major factor affecting exposure, renal function, is normal in most subjects with MS.
Overall, there is no reason to suspect that the PK of peginterferon in the target population is substantially different to that of healthy volunteers in the Phase 1 studies.
[bookmark: _Toc241374293][bookmark: _Toc272414626][bookmark: _Toc290846249][bookmark: _Toc375835788][bookmark: _Toc413843676]Pharmacokinetics in other special populations
[bookmark: _Toc272414627][bookmark: _Toc290846250][bookmark: _Toc375835789]Pharmacokinetics in subjects with impaired hepatic function
No studies were submitted that addressed the PK of peginterferon in subjects with impaired hepatic function. Previous experience with non-pegylated interferon beta has not suggested that dosage adjustment is necessary in the setting of moderate hepatic impairment. Metabolism of the PEG moiety could be altered by hepatic disease, but this moiety is pharmacologically inactive.
[bookmark: _Toc272414628][bookmark: _Toc290846251][bookmark: _Toc375835790]Pharmacokinetics in subjects with impaired renal function
The sponsor performed a Phase 1 study specifically addressing the PK of peginterferon in the setting of renal impairment (Study 105RI101). Thirty-five subjects were classified into normal, mild renal impairment, moderate renal impairment, severe renal impairment and end-stage renal disease (ESRD) groups, based on the estimated creatinine clearance (eCRCL) using the Cockcroft-Gault equation (FDA 1998). Patient numbers in each group were low. Three subjects in the mild renal function group and 2 subjects in the severe renal function group received peginterferon 63 mcg SC, and 6 subjects each in the normal, mild, moderate, severe, and ESRD groups were dosed with the proposed dose of peginterferon, 125mcg.
Increasing degrees of renal impairment resulted in increasing exposure to peginterferon. Subjects with mild, moderate, and severe renal impairment had a 30%, 40%, and 53% increase in mean AUC336h and a 27%, 26%, and 42% increase in Cmax, respectively, compared with subjects with normal renal function. The geometric mean t½ of peginterferon was longer (77.8 hours) in the severe renal impairment group, but was similar among other renal function groups (44.2 to 52.4 hours).
Based on a linear regression model, renal clearance was estimated to account for 47% of the total clearance of peginterferon, with non-renal clearance accounting for the other 53% (90% CI, 33%, 77%).
For subjects with ESRD, the situation was different. Each haemodialysis session reduced the pre-dialysis concentration of peginterferon by ~24%. As a result, haemodialysis sessions at the usual frequency of 3 times weekly led to AUC336h and Cmax values that were similar to the normal renal function group.
In the population-PK analysis of sparsely monitored subjects from the pivotal efficacy study, 105MS301, renal function was not shown to be a major determinant of exposure, probably because subjects with significant renal disease were excluded at baseline.
In a theoretical PK model derived from the population-PK analysis, but incorporating the effect of renal clearance deduced from the renal-impairment study, severe renal impairment was associated with increased exposure, as shown in the figure below.
Figure 4. Simulated steady state PK profiles of BIIB017 (125 µg; once every other week) for MS subjects with normal renal function versus MS subjects with severe renal impairment.
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Although exposure is increased in the setting of severe renal impairment, there is substantial overlap between normal subjects and subjects with renal disease, and the main effect of renal disease is to prolong the elimination phase rather than to create high peak levels. Also, tolerability studies in healthy volunteers (such as 105HV101) showed that doses of 188mcg (18MIU), which is 50% higher than the proposed dose of 125mcg (12MIU), were well tolerated. Given that pegylation of interferon beta-1a was performed with the aim of slowing elimination, and that the two-weekly injection interval is largely based on patient convenience rather than on any need to wash out the drug between doses, the slower elimination of peginterferon in subjects with renal impairment is not expected to produce major safety concerns. Delayed elimination might even be expected to improve efficacy, though this has not been demonstrated directly.
On balance, there does not appear to be a need for dose adjustment in the setting of renal impairment. The draft PI reports the increased exposure in this population without making a recommendation about dose adjustment:
“A single-dose study in healthy subjects and subjects with various degree of renal impairment showed a fractional increase in AUC (30-53%) and Cmax (26-42%) in subjects with mild (creatinine clearance 50 to ≤ 80 mL/minute), moderate (creatinine clearance 30 to <50 mL/minute), and severe (creatinine clearance <30 mL/minute) renal impairment, compared to subjects with normal renal function (creatinine clearance >80 mL/minute). Subjects with end stage renal disease requiring haemodialysis 2-3 times weekly showed similar AUC and Cmax as compared to subjects with normal renal function. Each haemodialysis reduced peginterferon beta-1a concentration by approximately 24%, suggesting that haemodialysis partially removes peginterferon beta-1a from systemic circulation.” (Draft PI).
This wording seems appropriate on the basis of the available evidence.
[bookmark: _Toc272414629][bookmark: _Toc290846252][bookmark: _Toc375835791]Pharmacokinetics according to age
The population-PK analysis did not suggest that age played a significant role in the PK of peginterferon. To the extent that older subjects are more likely to have renal impairment, exposure in older subjects could be increased.
[bookmark: _Toc272414630][bookmark: _Toc290846253][bookmark: _Toc375835792]Pharmacokinetics related to genetic factors
There are no known genetic factors influencing the PK of peginterferon. Race and gender were not significant factors in the population-PK analysis.
[bookmark: _Ref374440471][bookmark: _Toc375835793]Pharmacokinetics related to anti-interferon and anti-PEG antibodies
Antibodies to peginterferon were assessed in the pivotal study, and the incidence is summarised in the tables below. Three types of antibodies need to be distinguished: antibodies that bind to interferon (binding antibodies, BAbs); antibodies that bind to interferon and neutralise its biological effects (neutralising antibodies, NAbs); and antibodies to the PEG moiety (anti-PEG Abs).
In general, there was no evidence of a clinically relevant PK effect from antibodies to peginterferon, but the rarity of sustained antibody responses and lack of intensive PK monitoring across all subjects makes it difficult to draw any firm conclusions.  In the intensive PK substudy of the pivotal study, 105MS301, serum concentration of peginterferon was reduced in two subjects with detectable levels of BAbs. Neither of these subjects developed NAbs, and in both subjects the PD effect on neopterin responses was maintained, suggesting that the BAbs produced technical interference with the ELISA quantification method rather than inducing true changes in the PK of peginterferon.
The impact of anti-PEG antibodies was evaluated in the healthy-volunteer study 105HV103, as well as the pivotal efficacy study. In Study 105HV103, 5 subjects developed anti-PEG antibodies after peginterferon, but four of these subjects had antibodies at only one sampling time point. The fifth subject developed a high titre of anti-PEG Abs (3200), and peginterferon serum concentration was reduced below the limit of quantitation (BLQ) on day 22. This study did not include PD monitoring that would allow inferences to be made about whether peginterferon was still present, or whether the assay itself had been compromised. In Study 105MS301, two intensive PK sub study subjects developed anti-PEG antibodies on treatment, but they showed no reduction in peginterferon levels or PD effects.
The population PK and PD model, derived from sparse sampling in all subjects from the pivotal study, showed no PK impact of anti-PEG antibodies.
Table 4. Incidence and categorization of antibodies against IFN β 1a in MS subjects over 48 weeks.
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Table 5. Incidence and categorization of anti-PEG antibodies in MS subjects over 48 weeks
[image: ]
[bookmark: _Toc241374294][bookmark: _Toc272414632][bookmark: _Toc290846255][bookmark: _Toc375835794][bookmark: _Toc413843677]Pharmacokinetic interactions
[bookmark: _Toc272414633][bookmark: _Toc290846256][bookmark: _Toc375835795]Pharmacokinetic interactions demonstrated in human studies
No formal drug interaction studies were submitted.
A population-PK analysis based on subjects in the pivotal efficacy study, 105MS301, did not find that any concomitant medications were significant factors. Among the drugs tested were a number of agents commonly used in this population, such as paracetamol, ibuprofen, methylprednisolone, naproxen, modafinil, gabapentin, and baclofen. Although this is broadly reassuring, it is important to note the pivotal study was not specifically powered to address such interactions, and the sponsor did not provide confidence intervals for the possible effects of such interactions. Concomitant drug use was non-randomised and ad hoc, with sparse and inconsistent use of the drugs across the study population. Furthermore, the wide inter-subject variability in the PK of peginterferon could have masked the effects of any potential interactions. The absence of a significant finding does not, therefore, provide robust evidence of the lack of such an effect – “absence of proof” is not “proof of absence”.
On the other hand, for the non-pegylated versions of interferon beta, including interferon beta-1a, significant pharmacokinetic drug interactions have not been identified after many years of use (Avonex SmPC ; Betaferon SmPC; Rebif SmPC), so it seems relatively unlikely that pharmacokinetic drug interactions will be clinically important in the use of peginterferon. Also, peginterferon, like non-pegylated interferon beta-1a, appears to be a drug with a relatively broad therapeutic window, so the possibility of minor PK interactions does not raise significant clinical concerns.
[bookmark: _Toc272414634][bookmark: _Toc290846257][bookmark: _Toc375835796]Clinical implications of in vitro findings
The non-clinical study program did not directly address the potential for drug interactions. The sponsor defended this with the following comment:
“There is limited value in the qualitative and quantitative projection of clinical interactions between therapeutic proteins and drug metabolizing enzymes from in vitro or in vivo nonclinical drug interaction studies [Morgan 2009; Morgan 2008]. Furthermore, there has been a lack of drug-drug interactions reported for interferon beta products in the clinical and commercial settings [Avonex® SmPC; Betaseron® SmPC; Rebif® SmPC]. Thus, no preclinical drug interaction studies were conducted and consequently, no study reports are included in Module 4.2.2.6.” Non-clinical Overview, p27 of 45.
The cited references, Morgan 2008 and Morgan 2009, do not argue that drug interactions with immunomodulatory proteins do not occur, but simply that they are difficult to predict on the basis on nonclinical studies.  In fact, Morgan (2009) includes the following comment:
“Interferons (IFN) and proinflammatory cytokines can down-regulate P450 expression in vivo and in hepatocyte cultures, and these mediators are thought to be the main cause ofP450 down-regulation in inflammatory states. IFNs and IL-2 are used in the therapy of various cancers, and therefore they have the potential to cause drug-drug interactions. Several studies have found that therapy with IFNα or IFNβ was associated with decreased P450-dependent drug clearance (Mahmood I, Green MD. Drug interaction studies of therapeutic proteins or monoclonal antibodies. J. Clin. Pharmacol. 2007; 47:1540–54. [PubMed: 17962422]). Overall, different IFNα or β preparations tended to consistently reduce CYP1A2 activities and clearances, whereas effects on other P450s were more variable.”
Despite this comment, which suggests that the interferons could modify hepatic metabolism of other drugs, the effect of interferons on P450 expression appears to be limited. The sponsor notes the historical observation that, as a class, interferon beta has only minimal effects on hepatic enzyme systems: it is only a weak inhibitor of CYP1A2, shows no effect on CP2C19 and CYP2D6, and has not been reported to have effects on other CYP enzymes (Hellman 2003, Okuno 1993).
Overall, despite some indications in the literature that there might be a potential for drug interactions between interferons and drugs metabolised by hepatic P450 enzymes, there is no strong in vitro evidence that this is significant, and the issue was not further explored by the sponsor. Given the lack of evidence of clinically significant drug interactions with a variety of commercial interferon beta products already used in the treatment of multiple sclerosis, including non-pegylated interferon beta-1a, this omission seems acceptable.
[bookmark: _Toc241374296][bookmark: _Ref269982040][bookmark: _Ref271018704][bookmark: _Ref271018755][bookmark: _Toc272414635][bookmark: _Toc290846258][bookmark: _Toc375835797][bookmark: _Toc413843678]Evaluator’s overall conclusions on pharmacokinetics
The pharmacokinetics of peginterferon show substantial inter-individual variability, with exposure in some subjects greatly reduced compared to the median exposure in a cohort of healthy subjects, as illustrated in the figure below from the intensive PK cohort of the pivotal MS study.
With this limitation in mind, the overall PK of peginterferon has been adequately characterised by the sponsor. When administered subcutaneously, at the proposed dose of 125mcg, the serum levels of peginterferon peak in 1 to 1.5 days, and then decline over the course of a week to ten days. Thus, the drug is not expected to maintain significantly elevated levels throughout the proposed two-week dose cycle.
The drug is associated with an apparent volume of distribution of 481 ± 105 L (mean±SE). It undergoes proteolysis and renal clearance, with renal clearance accounting for about half (~47%) of the elimination of the drug. The elimination half-life is approximately 78±15 hrs at steady state, but varies considerably between subjects and across studies. In healthy volunteers, the elimination half-life of peginterferon was approximately double that of non-pegylated interferon beta-1a (Avonex), when both were administered as 6MIU, and the AUC and Cmax were also increased with the pegylated form.
Exposure is increased in subjects with renal impairment, and in those with a low BMI, but exposure does not appear to be affected by race or gender. The effect of hepatic impairment has not been studied. A population-PK analysis did not find that concomitant drugs had a major effect on the PK of peginterferon, but the power of this analysis is unclear. Historically, beta interferons have not been associated with clinically significant pharmacokinetic drug interactions, and this is expected to be true of peginterferon as well, but the question has not been directly addressed.
The PK details provided in the draft PI are consistent with the submitted evidence. The PI does not discuss the metabolism or excretion of peginterferon and some additional comments would be appropriate.
Figure 5. Medians and ranges of serum BIIB017 concentration from ELISA by treatment group and time-evaluable subjects in Intensive PK population
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[bookmark: _Toc413843679]Pharmacodynamics
[bookmark: _Toc272414637][bookmark: _Toc290846260][bookmark: _Toc375835799][bookmark: _Toc413843680]Studies providing pharmacodynamic data
All submitted clinical studies except 105HV103 included a PD assessment using established surrogate biomarkers for the immunomodulatory actions of beta-interferon, such as neopterin and OAS (2',5'-oligoadenylate synthetase, 2’, 5’-OAS).
Table 6 below, shows the studies relating to each pharmacodynamic topic and the location of each study summary.
[bookmark: _Ref269985397][bookmark: _Toc375835800][bookmark: _Toc375835940]Table6. Submitted pharmacodynamic studies.
	PD Topic
	Subtopic
	Study ID
	*

	Primary Pharmacology
	N/a – primary mechanism of action for beta-interferon in MS remains unclear
	
	

	Secondary Pharmacology
(surrogate markers)
	Effect on neopterin & OAS
	101HV101
	

	
	
	101HV102
	

	Gender, other Genetic and Age-Related Differences in PD Response
	Effect of gender
	see Pop-PK/PD analysis
	

	
	Effect of renal impairment
	105RI101
	

	
	Effect of BMI
	see Pop-PK/PD analysis
	

	
	Effect of age
	see Pop-PK/PD analysis
	

	PD Interactions
	Multiple concomitant drugs
	Pop-PK/PD analysis
	

	Population PD and PK-PD analyses
	Healthy subjects
	N/a
	

	
	Target population §
	105MS301, Report CPP-12-016-BIIB017
	


* Indicates the primary aim of the study. § Subjects who would be eligible to receive the drug if approved for the proposed indication. N/a – not applicable.
None of the pharmacodynamic studies had deficiencies that excluded their results from consideration.
[bookmark: _Ref269119989][bookmark: _Toc272414639][bookmark: _Toc290846261][bookmark: _Toc375835801][bookmark: _Toc413843681]Summary of pharmacodynamics
The information in the following summary is derived from conventional pharmacodynamic studies in humans unless otherwise stated.
[bookmark: _Toc241374299][bookmark: _Toc272414640][bookmark: _Toc290846262][bookmark: _Toc375835802]Mechanism of action
Human interferon beta is a member of the type I interferon family, and as such it is a type of cytokine. It is a naturally occurring glycoprotein, produced by fibroblasts and other cells, that exhibits a range of immunomodulatory, antiviral and antiproliferative effects (Baron 1991), including the regulation of other cytokines such as interleukins (IL).
Interferon beta is usually considered to play an immunomodulatory role in MS, rather than exhibiting a straightforward anti-inflammatory or immunosuppressive action. It does not appear to suppress active MS plaques, but it reduces the rate of clinical relapses, slows the accumulation of physical disability, and reduces the development of brain MRI lesions. These clinical effects are common to all commercially available interferon beta preparations [Jacobs 1996; PRISMS Study Group 1998; Simon 1998; The IFNB Multiple Sclerosis Study Group 1993].
The currently available interferon beta therapies, including Avonex (interferon beta-1a), Rebif (interferon beta-1a) and Betaferon (interferon beta-1b) were initially shown to provide an approximate 30% reduction in the annualised relapse rate (Mikol 2008). (The benefit obtained in these early studies may not reflect the potential efficacy in newly diagnosed patients, because there has been a trend over many years towards earlier diagnosis and treatment of MS, and patients at an earlier stage of their disease are likely to be more responsive to treatment.)
Interferon beta therapies have been used in the treatment of multiple sclerosis for over 15 years, and many distinct immunomodulatory actions have been identified, without a clear consensus emerging as to which of these actions are most important in mediating the beneficial effects of interferon beta. It is known, however, that the immunomodulatory properties of interferon beta are mediated through its interactions with specific cell receptors (interferon receptors) found on the surface of a number of human cells, particularly in immune tissues. The binding of interferon beta to these receptors induces the expression of several gene products that are, in turn, believed to mediate of the biological actions of interferon beta. Interferon beta has an action that is antagonistic to the pro-inflammatory cytokine, interferon gamma; it both decreases the binding affinity of interferon gamma and enhances the degradation of the interferon-gamma receptor. Interferon beta also enhances the suppressor activity of peripheral blood mononuclear cells.
According to the sponsor’s draft Product Information (PI) sheet, potential mechanisms of action for interferon beta include up-regulation of anti-inflammatory cytokines (e.g. IL-4, IL-10, IL-27), down-regulation of pro-inflammatory cytokines (e.g. IL-2, IL-12, interferon-γ, Tumour Necrosis Factor-α [TNF-α]) and inhibition of the migration of activated T cells across the blood brain barrier. Insight into these mechanisms has come from pre-clinical studies of peginterferon, as well as  decades of study of non-pegylated interferons. Clinical PD studies with peginterferon beta 1-a have been based on surrogate biomarkers and have not been directed at clarifying the mechanism of action.
[bookmark: _Toc241374300][bookmark: _Toc272414641][bookmark: _Toc290846263][bookmark: _Toc375835803]Pharmacodynamic effects
[bookmark: _Toc272414642][bookmark: _Toc290846264][bookmark: _Toc375835804]Primary pharmacodynamic effects
Data on the primary pharmacodynamic effects of peginterferon are limited. In vitro studies, performed as part of the nonclinical study program, suggest that it binds to the type 1 interferon receptor, which is composed of the IFNAR1 and IFNAR2 chains. Binding affinities to the IFNAR2 chain appeared to be unaffected by pegylation, but in vitro activity measured with antiviral and proliferative assays appeared to be compromised by pegylation, suggesting reduced transmission of the interferon signal to intracellular mediators. A critical evaluation of this nonclinical work is beyond the scope of this clinical evaluation, but the sponsor summarised the data as follows (emphasis added):
There was no apparent difference in the affinity of either interferon beta-1a or BIIB017 for IFNAR2 (2.6.2 Pharmacology Written Summary, Section 2.1.1) indicating that in solution, the 20 kDa mPEG moiety did not interfere with receptor binding. However, the observation that BIIB017 showed a modest 2-fold reduction of in vitro antiviral and antiproliferative activity compared to interferon beta-1a (2.6.2 Pharmacology Written Summary, Section 3.1) suggests that the affinity for the type I interferon receptor, composed of the full-length IFNAR1 and IFNAR2 chains expressed on the cell surface, may be affected by the attached 20 kDa mPEG. Moreover, the observation that interferon beta-1a modified at the N-terminus with 20, 15, 10, 5, and 2 kDa mPEG shows successively higher in vitro antiviral potencies indicates a sizedependent effect of the mPEG moiety [Baker 2010].
Note that, to some extent, the 2-fold reduction in vitro activity mentioned here is already factored in when referring to interferon beta doses via international units (IU), which use a standardised in vitro functional assay (the cytopathic effect assay, or CPE assay).
The pre-clinical program did not include any in vivo animal studies of the primary PD effect of peginterferon, largely because the precise mechanism of action in humans is unknown and no entirely suitable animal models of MS exist.
The sponsor comments as follows:
“Primary in vivo pharmacodynamic studies utilizing animal models of MS were not carried out as part of the nonclinical evaluation of BIIB017. While mouse and rat experimental autoimmune encephalomyelitis (EAE) models have been developed that reflect certain aspects of the pathophysiology of MS, the fact that mice and rats do not respond to human interferon beta-1a precluded such studies. Correspondingly, testing of mouse or rat interferon beta modified with 20 kDa mPEG-O-2-methylpropionaldehyde in EAE models was not considered relevant as the data would not necessarily reflect the pharmacology of BIIB017 in humans. Moreover, as interferon beta-1a has already been demonstrated to be effective in MS, data on the efficacy of BIIB017 in a preclinical animal model did not seem necessary.”
The clinical program did not include any direct clinical studies of the primary PD effect of peginterferon in humans, which is understandable given the complex and largely unconfirmed mechanisms of action thought to mediate its clinical benefit. Previous interferon beta preparations used in the treatment of MS have suffered a similar lack of primary PD data in humans, and have instead relied on surrogate biomarkers known to be induced by interferon beta.
[bookmark: _Toc272414643][bookmark: _Toc290846265][bookmark: _Ref370744052][bookmark: _Ref375830431][bookmark: _Ref375830435][bookmark: _Ref375832822][bookmark: _Ref375832826][bookmark: _Toc375835805]Secondary pharmacodynamic effects
The sponsor used neopterin as a surrogate biomarker to detect the biological action of interferon beta. This is a standard approach in the study of interferon beta in MS. Neopterin is also known as D-erythro-1, 2, 3,-trihydroxypropylpterin, and it is a product of the interferon-inducible enzyme, GTP-cyclohydrolase I.  It is a catabolic product of guanosine triphosphate (GTP), a purine nucleotide, and belongs to the chemical group known as pteridines. It is synthesised by macrophages upon stimulation with the cytokine interferon-gamma and is usually considered indicative of a pro-inflammatory immune status, but levels also increase under the immunomodulatory actions of interferon beta. This is a counter-intuitive situation, with neopterin acting as a biomarker of pro-inflammatory activity and also as a marker of treatment with interferons intended to prevent inflammatory episodes. The apparent contradiction reflects the fact that interferon beta has complex actions, inducing a relative shift in various components of immune responses rather than merely suppressing immune responses.
The sponsor also used OAS (2',5'-oligoadenylate synthetase, 2’, 5’-OAS) as an additional biomarker in some studies. OAS is an antiviral enzyme that counteracts viral infections by degrading viral RNA, and levels increase in response to beta interferons.
Using neopterin concentration as the primary measure of interferon effect, the sponsor defined Emax as the maximum baseline-subtracted neopterin concentration reached, EAUC as the area under the baseline-subtracted neopterin concentration time curve and ETmax as the time taken to reach maximum neopterin concentration.
The results in all submitted studies are summarised in the multi-page table starting over the page. In MS subjects receiving peginterferon at the proposed dose and frequency, the mean Emax was 11.3 to 11.4 ng/mL, but the standard deviations were large. Emax results in healthy volunteers receiving single or multiple 125mcg doses of peginterferon were similar to those seen in MS subjects. For healthy subjects receiving doses lower (63mcg) and higher (188mcg) than the proposed dose (125mcg), a less than proportional increase in Emax was observed with increasing doses. In many studies, the peak neopterin response to 188mcg was similar to or lower than that seen with 125mcg, possibly indicating a saturation effect (see the table below). The EAUC was consistently greater with 188mcg than with 125mcg, however, and the EAUC with 63mcg was lower than with 125mcg, partly reflecting the longer period of above-baseline peginterferon concentrations with higher doses.
The peak neopterin response to peginterferon was similar to that seen with non-pegylated interferon beta-1a (Avonex), when doses were matched in terms of international units (interferon beta-1a 30mcg = 6MIU; peginterferon 63mcg = 6MIU), as shown below.
Figure 6. Pharmacodynamic profiles of neopterin following SC administration of BIIB017 at a dose of 63 mcg, 215 mcg or 188 mcg or following IM administration of IFN beta-1a at a dose of 30 mcg (Study 105HV101)
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Table 7. Summary of neopterin PD parameters in healthy volunteers, renal impairment subjects and MS subjects.
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Table 7 continued. Summary of neopterin PD parameters in healthy volunteers, renal impairment subjects and MS subjects.
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The results with OAS as a secondary marker were qualitatively similar to those seen with neopterin, as shown in the summaries of individual PK/PD studies.
[bookmark: _Toc272414644][bookmark: _Toc290846266][bookmark: _Toc375835806]Time course of pharmacodynamic effects
The time course of primary pharmacodynamic effects was not addressed in any submitted study.
The time course of expression of the secondary biomarker neopterin, following injection with peginterferon, was compared to that seen with non-pegylated interferon beta-1a (Avonex), in study 105HV101, as shown in the figure in the section above.  The pegylated form of interferon beta produced a similar peak, when dose-matched with Avonex, but the peak was delayed and the overall duration of the neopterin response was prolonged.
The median time to maximum neopterin concentration (ETmax) is listed for each dose and each study in the table above, and ranged from 48-72 hrs in subjects with normal renal function. In subjects with impaired renal function, peak neopterin response was somewhat delayed, though the effect was variable (mild renal impairment 72 hrs; moderate 84 hrs; severe 60 hrs).
The duration of the neopterin response was longer than the concentration-time profile of peginterferon itself, indicating lingering effects from induced genes. Whereas peginterferon peaked in 1-1.5 days and reduced to low levels between 7 and 10 days, neopterin peaked in ~3 days and returned to baseline after >10 days.
For the intensive PK/PD cohort of the pivotal study, the neopterin profile is shown in the figure below. At ten days (240 hours), median levels had not fallen to baseline.
Figure 7. Median and range of neopterin concentrations (ng/mL) by treatment group-intensive PD population
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As shown in the figure, there was no difference between the two-weekly (Q2W) dose group and the four-weekly (Q4W) dose group when they were assessed early in the study (week 4, top curves). The response was slightly blunted 20 weeks later (bottom curves); this effect was slightly more pronounced in the Q2W group (who had received a greater number of active doses) but there was substantial overlap between the curves due to high inter-individual variability. It seems unlikely that this represents a clinically important effect. Although it is theoretically possible that the PD effect of peginterferon wanes over multiple doses, the curves above suggest that the peak PD effect as estimated by neopterin response is still considerable after 24 weeks of treatment. Even if there were some loss of efficacy due to tachyphylaxis, this would be expected to be at least partially accounted for in the efficacy results, given that placebo-controlled treatment continued for a year (and dose-frequency-controlled treatment continued for up to one more year after that). Of more concern is the fact that neopterin levels during the last four days of the two-week dose cycle were not studied, which represents a serious deficiency of the PD monitoring program.
In Studies 105HV101 and 105HV102, samples were taken for neopterin levels at Day 7 and Day 14 post-dose, but not between these times. By Day 14, neopterin levels were low in both studies, so it is unclear when levels fell to baseline. In Study 105HV103, PD was not assessed. In Study 105RI101, the remaining PK/PD study, samples were taken after Day 10, and this provides the only reasonable estimate of PD response in the last part of the proposed two-week dose cycle. In subjects with normal renal function, the last sample that showed substantial neopterin induction was taken on Day 10 (240 hrs), with fluctuating but low levels thereafter.
Figure 8. Median serum concentrations of neopterin on a logarithmic scale
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Overall, it seems likely that neopterin induction in the last four days of a two-week cycle is substantially less than that achieved for the first week of the cycle, and the sponsor provided no evidence to show that the low levels associated with the last few days of the cycle are adequate to suppress disease activity in MS.
[bookmark: _Toc272414645][bookmark: _Toc290846267][bookmark: _Toc375835807]Relationship between drug concentration and PD effects
The sponsor did not directly assess the relationship between peginterferon concentration and its pharmacodynamic effect. Also, the sponsor did not perform any studies relating drug concentration to efficacy, or exploring the link between biomarkers and efficacy.
Visual comparison of the concentration-time curves for peginterferon and neopterin suggests that onset of the pharmacodynamic effect of peginterferon is delayed, relative to the rise of peginterferon levels in the serum, and also outlasts the subsequent decline of peginterferon levels, presumably reflecting the delay in turning response genes on and then off as the interferon level rises and falls.
The interrelation between dose, pharmacokinetics, secondary biomarkers and efficacy for peginterferon and other interferon betas is considered in Section Efficacy.
[bookmark: _Toc241374304][bookmark: _Toc272414646][bookmark: _Toc290846268][bookmark: _Toc375835808]Genetic-, gender- and age-related differences in pharmacodynamics
No PD studies directly addressed the effects of genes, gender and age on the PD profile of peginterferon, but a population-PD analysis was performed on subjects in the pivotal study, and no demographic factor appeared to make a substantial difference in the regression analysis.
[bookmark: _Toc375835809]Differences in pharmacodynamic response related to renal impairment
Renal impairment increases exposure to peginterferon but the study in subjects with renal impairment (105RI 101) suggests that, in addition to this, the AUC for neopterin is even more significantly affected by renal impairment. This suggests that neopterin itself has delayed clearance in the setting of renal impairment. Whether the same applies to other mediators of the interferon beta effect, and whether this has a substantial overall effect on the primary pharmacodynamic response to interferon beta remains unclear. The relatively long duration of the neopterin response in subjects with renal impairment might be expected to reflect a prolonged PD response and improved efficacy, but this remains speculative. Subjects with significant renal disease were not included in the pivotal efficacy study, so the efficacy of peginterferon in this population cannot be assessed with the current evidence.
[bookmark: _Toc241374303][bookmark: _Toc272414647][bookmark: _Toc290846269][bookmark: _Toc375835810]Pharmacodynamic interactions
No specific PD interaction studies were performed. Given the known side-effect profile of non-pegylated interferon beta, and the submitted safety data that suggests peginterferon has a similar side-effect profile to other interferon betas, it might be expected that some drugs could have synergistic effects with peginterferon in producing some side effects. This issue is discussed further in the Safety section.
The safety of combining interferon beta with other immunomodulatory agents is unknown, and combination therapy with disease-modifying agents in MS is rarely attempted because of fears that synergistic immune suppression might result. One exception is the use of intravenous and oral corticosteroids (methylprednisolone and prednisolone), which are widely used to treat acute relapses in MS regardless of whether subjects are on disease-modifying agents. Steroids were used as needed in the pivotal study in this submission, in line with standard clinical practice for subjects receiving interferon beta. There was no evidence of any significant pharmacodynamic interaction between steroids and peginterferon, as discussed further in the Safety section, but this evidence is indirect.
[bookmark: _Toc375835811]Pharmacodynamic effects of anti-interferon and anti-PEG antibodies
There was no evidence of a significant reduction in neopterin response in the setting of antibodies to interferon or PEG, even in subjects that appeared to have reduced levels of peginterferon in association with antibodies. The preservation of the PD response, in the setting of apparently low peginterferon levels, is likely to reflect that peginterferon levels were higher than measured, and that the antibodies interfered with the drug assay, as discussed in Section Pharmacokinetics related to anti-interferon and anti-PEG antibodies.
[bookmark: _Ref269983272][bookmark: _Toc272414648][bookmark: _Toc290846270][bookmark: _Toc375835812][bookmark: _Toc413843682]Evaluator’s overall conclusions on pharmacodynamics
The primary PD effects of peginterferon were not studied, but the primary effects of interferon betas are complex and poorly understood. Using the secondary biomarker neopterin, the sponsor has demonstrated that the peak PD response to peginterferon is slightly delayed relative to non-pegylated interferon, but also more prolonged. Neopterin levels fall to baseline after about 10 days, but this part of the proposed two-week dose cycle was not adequately studied. It seems likely that neopterin levels are low for the last few days of each dose-cycle, and it is unclear if this compromises efficacy. Based on the interferon literature, discussed below, it seems likely that the waning of PD response after 10 days would compromise efficacy, but this has not been directly addressed.
[bookmark: _Toc413843683]Dosage selection for the pivotal studies
The sponsor reports that the following issues were considered when choosing the 125mcg (12MIU) two-weekly regimen for further study:
the single-dose and multiple-dose PK and PD (neopterin) responses
the comparison with non-pegylated interferon beta-1a PK and PD
the likelihood of accumulation with repeated dosing
in vitro biological activity
the safety and tolerability data from Phase 1 studies
The guiding principle in dose selection appears to have been matching the approved dose of Avonex while aiming for the lowest feasible dosing frequency. It is not clear that this approach has led to the sponsor choosing the most efficacious regimen. Low dosing frequency is likely to represent a major marketing advantage for peginterferon, but indirect evidence suggests that it may compromise efficacy.
[bookmark: _Toc375835814][bookmark: _Toc413843684]Dose equivalence with Avonex
There are multiple different ways of expressing dose equivalence, as shown in the table below. The proposed dose for peginterferon treatment, 125mcg two-weekly, matches the approved dose for non-pegylated interferon beta-1a (Avonex) in terms of international units administered per month. Avonex 30mcg is equivalent to 6MIU using in vitro cytopathic effect assays; when administered weekly this provides 24MIU per 4-week period. Peginterferon 125mcg is equivalent to 12MIU in CPE assays; when administered two-weekly this also provides 24MIU per 4-week period.
Table 8. PK, PD and biological activity considerations for dose selection.
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Note that these basic calculations refer to the in vitro biological activity of isolated quantities of interferon. Because of delayed clearance of the pegylated form, the cumulative AUC for peginterferon 6MIU is higher than for a single dose of Avonex 6MIU (5.7 vs 3.1x103h*IU/mL). Over 4 weeks at the proposed dose, the AUC for peginterferon (14.3 x103h*IU/mL) is considerably higher than that achieved with Avonex (3.1x103h*IU/mL) even though both amount to the same total administered activity (24MIU). In this sense, the proposed dose of peginterferon could be considered to be higher than the approved Avonex dose.
On the other hand, the cumulative AUC for neopterin , a surrogate PD biomarker, more closely reflects the total administered dose, in MIU, rather than the interferon AUC, in h*IU/mL; the estimated EAUC per 4 week period is very similar for Avonex 4x6MIU (2128 h*ng/mL) and peginterferon 2x12MIU (2140 h*ng/mL). Thus, despite differences in exposure as reflected in interferon AUC, the proposed dose for peginterferon is matched to the approved Avonex dose in terms of administered in vitro activity and in vivo pharmacodynamic response, with the effects of delayed clearance and less frequent dosing with the pegylated version approximately cancelling out in terms of the cumulative neopterin response.
The discrepancy between the interferon AUC and the neopterin AUC partly indicates that the biological effects of interferon beta persist for 3 days or more after gene induction has occurred. They also reflect the non-linear saturable neopterin response to increasing interferon doses: peginterferon at a dose of 6MIU two-weekly provides substantially more than half of the neopterin response achieved with 12MIU at the same frequency (1790 vs 2140 h*ng/mL).  On the other hand, a peginterferon regimen of 6MIU every two weeks provides the same administered activity as 12MIU Q4W (12MIU/month), but the neopterin response for the infrequent dosing regimen is much less (1070 vs 1790 h*ng/mL), indicating that neopterin induction increases in a less than proportional fashion to higher doses, and drops away between the infrequent doses, so that higher doses cannot fully compensate for low-frequency dosing.
[bookmark: _Toc375835815][bookmark: _Toc413843685]Accumulation between doses
The sponsor suggests that one benefit of the proposed dose (125mcg Q2W) is that it is not associated with evidence of accumulation between doses. It is unclear, though, if this is a point in favour of the proposed dosing regimen.
Most drugs are administered at a frequency that prevents them from being completely eliminated between doses; that is, some degree of accumulation from one dose to the next is usually considered desirable because it produces a smooth and sustained pharmacodynamic response with some efficacy maintained through the trough of each dose cycle. Usually, accumulation is only considered a problem if a stable and safe steady-state cannot be achieved, or if some tissue susceptible to toxicity needs an intermittent reprieve from the drug. There is no evidence that this is the case for peginterferon.
Figure 9. Pharmacokinetic profiles of BIIB017 following SC administration at a dose of 63 mcg, 125 mcg or 188 mcg; and IFN beta-1a following a dose of 30 mcg IM Study 105HV101
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Peginterferon levels reach baseline ~7-10 days after dosing, , as shown in the figure above (from 105HV101), but with considerable inter-individual variability. If peginterferon were to be administered weekly, rather than two-weekly, some residual peginterferon would be present at the start of each dose cycle, from the previous dose, but it would be a small proportion of the total interferon beta in circulation post-dose and it would be eliminated almost completely as the new dose also fell to its trough level over the subsequent 7 days. The result would probably be a sustained induction of neopterin and other immunomodulatory mediators, rather than a pulsatile induction with neopterin levels falling away between doses, some time between 7 and 14 days. The actual PD response to this hypothetical treatment regimen is unfortunately not known, because the sponsor never tested it.
In this context, it should be noted that the submitted PK/PD studies did not monitor neopterin levels between 7 and 14 days, so the duration of the PD effect of peginterferon is not well characterised. The straight line drawn from Day 7 to Day 14 in the figure below (from 105HV101) is almost certainly a misrepresentation of the true neopterin curve, which falls rapidly from Day 6 to Day 7 and would therefore be expected to continue to fall rapidly from Day 7 to Day 8 rather than switch to a slow linear decline as illustrated.
Figure 10. Pharmacodynamic properties of neopterin following SC administration of BIIB017 at a dose of 63 mcg, 125 mcg or 188 mcg; and IFN beta-1a following a dose of 30 mcg IM Study 105HV101
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The sponsor has not mounted any argument demonstrating that “accumulation” of peginterferon – that is, persistence of some drug across dose cycles – would be undesirable. In fact, the literature on the use of interferon beta in multiple sclerosis strongly suggests that high-dose, high-frequency treatment may be more effective than infrequent, pulsatile treatment, as discussed below.
[bookmark: _Ref370912495][bookmark: _Toc375835816][bookmark: _Toc413843686]Frequent versus infrequent interferon beta 1a treatment in MS
There are two commercial forms of (nonpegylated) interferon beta-1a available, Rebif and Avonex, which are almost identical products, sharing the same amino acid sequence and undergoing a similar glycosylation process during manufacture. Evidence related to the dose-response relationship and dose-frequency-response relationship for these non-pegylated products provides insights into the likely optimal regimen for peginterferon. This is particularly important because proper dose-response efficacy studies have not been performed with peginterferon, and the limited pharmacodynamic information suggests that the proposed regimen of peginterferon does not achieve a sustained pharmacodynamic response throughout the two-week dose cycle.  Also, the proposed dose regimen for peginterferon has been based on the approved dose regimen for Avonex (as discussed above), so if there is evidence that the Avonex regimen is suboptimal then this would imply that the proposed peginterferon regimen may also be suboptimal.
Rebif and Avonex were compared in a head-to-head study known as the EVIDENCE trial (EVidence of Interferon Dose-response: European North American Comparative Efficacy, Panitch et al 2002). This was a randomised, active-controlled, assessor-blinded, parallel-group study of 677 patients with RRMS that appeared to show superior efficacy of IFN β 1-a 44 μg s.c. t.i.w. (Rebif ) compared to IFN β 1a 30 mcg IM weekly (Avonex). In this study, patients with RRMS and at least 2 exacerbations of MS in the prior 2 years, and EDSS scores of 0–5.5, were enrolled at multiple centres. A total of 338 patients received IFN β 1a IM at the dose of 30 mcg weekly and 339 received IFN β 1a at the dose of 44 mcg SC three times weekly (t.i.w). Treatment was continued for 48 weeks. Because the study was not completely double-blind, it was potentially susceptible to bias, but it is the only study directly comparing Avonex once-weekly to more frequent regimens. The primary endpoint was the proportion of patients remaining relapse-free.
Manfredonia et al (2008[footnoteRef:1]*) summarise the results as follows: [1: *Francesco Manfredonia, Livia Pasquali, [...], and Fabio Monzani. Review of the clinical evidence for interferon β 1a (Rebif®) in the treatment of multiple sclerosis.  Neuropsychiatr Dis Treat 2008 April: 4(2): 321—338.] 

“The results over the initial 24 weeks of treatment showed that 75% of patients in the 44 μg s.c. t.i.w. group and 63% of those in the 30 μg i.m. q.w. group remained relapse free. The odds ratio (OR), adjusted for center, was 1.9 (p < 0.0005), indicating a relative increase of 90% in the odds of remaining relapse free during the first 24 weeks of therapy for patients receiving 44 μg s.c. t.i.w. compared with those receiving 30 μg i.m. q.w. The response was maintained over 48 weeks of treatment albeit less marked, as 62% of patients in the 44 μg s.c. t.i.w. group and 52% of those in the 30 μg i.m. q.w. group remained relapse free. The OR, adjusted for center, was 1.5 (p < 0.009), indicating a relative increase of 50% in the odds of remaining relapse free for patients receiving 44 μg s.c. t.i.w. compared with those given 30 μg i.m. q.w.”
Positive findings in favour of Rebif were also found for radiological endpoints This study suggests that the Avonex dose of 30mcg IM weekly is not optimal, and that higher, more frequent doses of interferon beta-1a are able to produce a more pronounced clinical effect.
The original pivotal study for Rebif, the PRISMS study (PRISMS Study Group 1998), assessed regimens of 22mcg SC tiw (total 66mcg per week) and 44mcg SC tiw (total 132 mcg per week), finding superior efficacy of the higher dose, which has since become the standard approved regimen for Rebif. On the basis of total weekly dose, the currently approved Avonex dose is less than half the dose of Rebif administered in the low-dose group of the PRISMS study, and less than one quarter of the standard Rebif dose, suggesting that higher total weekly doses of Avonex could be more effective.
By contrast, in another dose-response study of interferon beta-1a, Avonex 30mcg IM weekly was compared with Avonex 60mcg IM weekly, and this study found no additional benefit of the higher dose[footnoteRef:2]** (Clanet 2002). The study did not address the possibility that more frequent dosing with Avonex (such as 30mcg two or three times weekly) could be more effective than the standard once-weekly dose, but instead showed that increasing the dose of Avonex did not improve efficacy if the dose frequency was kept at one week. [2: **Clanet M, Radue EW, Kappos L, Hartung HP, Hohlfeld R, Sandberg-Wollheim M, Kooijmans-Coutinho MF, Tsao EC, Sandrock AW; European IFNbeta-1a (Avonex) Dose-Comparison Study Investigators. A randomized, double-blind, dose-comparison study of weekly interferon beta-1a in relapsing MS. Neurology, 2002 Nov 26;59(10):1507-17.] 

In combination with the EVIDENCE and PRISMS studies, this Avonex dose-response study suggests that the efficacy of Avonex 30mcg IM once weekly may be limited by the low dose frequency, rather than by the low total dose. This is consistent with observations of biomarkers such as neopterin, which show a response to standard-dose Avonex that does not persist throughout the dose cycle. The approved PI for Avonex claims a pharmacodynamic response for “at least 4 days”, implying that a substantial proportion of treated subjects have near-baseline levels of response markers for up to 3 days per week.
“The biological effects of AVONEX are sustained beyond the period in which levels are measurable in blood. Biological response markers (e.g. neopterin and β2-microglobulin) increase within 12 hours of dosing and remain elevated for at least 4 days. Peak biological response markers are typically observed 48 hours after dosing. ”(Avonex PI).
In one study of healthy volunteers, it was shown that the biological response to Rebif was increased when a weekly dose of 66mcg was divided into three separate smaller doses of 22mcg rather than administered once-weekly. (Rothuizen et al, 1999)[footnoteRef:3]**. [3: ** Rothuizen LE, Buclin T, Spertini F, et al. Influence of interferon β-1a dose frequency on PBMC cytokine secretion and biological effect markers. J Neuroimmunol. 1999;99:131–41. <http://www.ncbi.nlm.nih.gov/pubmed/10496186>.] 

There is a clear parallel with the proposed peginterferon regimen, which also does not appear to produce a sustained pharmacodynamic response (see Section Evaluator’s overall conclusions on pharmacodynamics). By matching the peginterferon dose to Avonex, the sponsor has matched to the lowest-dose interferon regimen in the marketplace, and one for which there is already reasonable evidence of suboptimal dosing.
[bookmark: _Ref370983975][bookmark: _Toc375835817][bookmark: _Toc413843687]Single-dose tolerability
In study 105HV101, the PK, PD and tolerability of peginterferon at three doses (6MIU, 12MIU and 18MIU) and via two routes (IM and SC) was compared to Avonex 30mcg (6MIU). The proportion of subjects with an adverse event was high, and similar in each treatment group: one individual receiving Avonex and one individual receiving peginterferon 125mcg IM did not report an AE; everyone else did (58 subjects). A better indication of the relative tolerability of the different doses is the incidence of specific side effects known to be associated with interferon beta treatment: headache, chills and myalgia. These increased with increasing doses of peginterferon, as shown in the table below.
Pooling SC and IM results, headache was reported by 9, 10 and 13 of 16 subjects in the 63mcg, 125mcg and 188mcg dose groups, respectively; chills were reported by 6, 3 and 13 of 16 subjects, respectively; myalgia was reported by 3, 8 and 11 subjects, respectively. These side effects were reported by Avonex subjects with a broadly similar incidence as in the 125mcg SC peginterferon group, and both the 188mcg groups (SC and IM) showed a higher incidence of these dose-related side effects than was reported in the Avonex group. Thus, overall, single doses of peginterferon 125mcg offered a similar tolerability profile to single administrations of the approved dose of Avonex, whereas higher peginterferon doses appeared to produce more systemic side effects than either peginterferon 125mcg or Avonex 30mcg, particularly within the broad spectrum of flu-like symptoms. Peginterferon 63mcg produced less systemic side effects than Avonex, but this dose is expected to have inadequate efficacy on pharmacodynamic grounds.
On this basis, the selection of 125mcg for each single dose of peginterferon appears appropriate, but the tolerability of more frequent regimens was not assessed.
Table 9. Treatment emergent adverse events by preferred term with an incidence of 10% or more.
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[bookmark: _Ref370983977][bookmark: _Toc375835818][bookmark: _Toc413843688]Multi-dose tolerability
The multi-dose PK study, 105HV102, also compared 3 dose regimens of peginterferon, but it differed from 105HV101 in that it involved multiple doses and also in that it had a placebo control group instead of  an Avonex control group. Most subjects reported an AE, but only in the highest dose groups were AEs reported in 100% of subjects. There was an overall dose trend showing a higher incidence of moderate and severe events with increasing dose, as shown in the table below.
Unlike the previous study, there was no clear trend showing a higher incidence of headache, chills and myalgias with 188mcg compared to 125mcg. In subjects receiving two-weekly injections, headaches occurred at the same incidence with the two doses, myalgia was more common at 188mcg and chills were more common at 125mcg. Both chills and myalgias were less common with 63mcg than with higher doses. In subjects receiving four-weekly injections, there was a clearer excess of typical flu-like side effects at 188mcg than at 125mcg.
Thus, on balance, this study provides some additional support for the notion that 125mcg is better tolerated than 188mcg. Coupled with the results of the single-dose study discussed above, it suggests that 188mcg would have unacceptable tolerability, with more side effects than observed with Avonex treatment.
Table 10. Summary analysis of treatment emergent adverse events
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Table 11. Treatment emergent adverse events by preferred term with an incidence of 10% of more
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[bookmark: _Toc375835819][bookmark: _Toc413843689]Overall conclusions on the appropriateness of dose selection
On balance, the sponsor has provided good evidence that peginterferon 125mcg two-weekly (the proposed dose) provides a broadly similar pharmacodynamic effect as Avonex 30mcg weekly (the approved dose), as indicated by total dose administered per 4-week period (24MIU) and the resulting cumulative AUC for the biomarker neopterin. They have also shown that 125mcg is likely to be better tolerated than 188mcg, and to have similar tolerability to Avonex 30mcg. The sponsor therefore selected the dose of 125mcg two-weekly for further study, and also assessed a less frequent dosing regimen (125mcg four-weekly) on the grounds that, if effective, this would provide greater convenience to patients.
What the sponsor has not done, however, is test a dosing regimen likely to give a continuous pharmacodynamic response throughout the dose cycle, such as 125mcg weekly. Firstly, the PK/PD studies did not assess the PD response in detail between 7 and 14 days, so it remains unclear when neopterin levels fall to baseline over the course of a two-week dose cycle, and thus how long patients are effectively left untreated by the proposed two-weekly regimen. Secondly, the sponsor did not include a treatment arm in the pivotal studies assessing the safety and efficacy of 125mcg weekly.
The limited evidence from head-to-head studies of Avonex against its competitors suggests that infrequent interferon beta dosing, although more convenient for patients, is less effective than more frequent dosing. Avonex treatment produces a pharmacodynamic response that does not last through the weekly dose cycle, and this appears to compromise efficacy. Pegylation could have been adopted as a means of addressing the deficiencies of a once-weekly Avonex regimen, but this opportunity has not been pursued. Instead, the sponsor has used pegylation to find a dosing regimen even lower in frequency than is the case with Avonex, and which still leaves some patients with a weak or nonexistent pharmacodynamic response for the last part of each dose cycle.
The proposed peginterferon regimen is likely to have market appeal with patients, because of its convenience, but it is probably not the most effective possible regimen. This represents the single biggest deficiency in the sponsor’s submission.
[bookmark: _Toc413843690]Clinical efficacy
The submission rests on the first year of a single, pivotal efficacy study, 101MS301[footnoteRef:4] (Study 301). The study was designed to follow patients for two years, but only the first year was placebo-controlled, so the second-year data is merely supportive. [4:  Erratum: 105MS301] 

Patients completing the second year were invited to join a follow-up study, 101MS302 (Study 302) but this study was ongoing at the time of submission, and very few patients had completed an additional year of follow-up. The follow-up study also lacks a placebo control group. Thus, in its current incomplete form, Study 302 should be rejected as an efficacy study, though it does provide useful safety data.
These were the only two clinical studies performed in MS patients. The sponsor wrote a justification of their decision to perform just one adequate efficacy study, and this is considered in Section Sponsor’s justification for performing a single pivotal efficacy study.
The study conforms to recommendations on the conduct of studies in MS. Although the European Guidelines for the conduct of MS studies generally recommend a two-year duration of placebo-controlled treatment, an accepted alternative explicitly discussed in the Guidelines is a one-year placebo-controlled efficacy phase followed by a switch to active treatment.
A significant deficiency in the study program was the sponsor’s failure to perform a study assessing the efficacy and safety of more frequent dosing regimens of peginterferon, such as 125mcg weekly, in comparison to peginterferon 125mcg Q2W.
[bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274][bookmark: _Toc375835821][bookmark: _Toc413843691]Pivotal efficacy study, 105MS301 (Study 301, n=1512)
[bookmark: _Toc375835822]Title
A Multicenter, Randomized, Double-Blind, Parallel-Group, Placebo-Controlled Study to Evaluate the Efficacy and Safety of PEGylated Interferon Beta-1a (BIIB017) in Subjects with Relapsing Multiple Sclerosis.
[bookmark: _Toc375835823]Design
[bookmark: _Toc375835824]Study design, objectives, locations and dates
Study 301 was a “two-year” (96 weeks) study with two distinct stages. In the first “year” (first 48 weeks), it used a randomised, placebo-controlled, double-blind design to assess the efficacy of peginterferon beta-1a (hereafter, peginterferon) at two dosing frequencies (125mcg two-weekly, Q2W, or 125mcg four-weekly, Q4W) in comparison with placebo, in subjects with relapsing and remitting MS.
In the second “year” (second 48 weeks), subjects initially randomised to placebo were reassigned to active treatment and received peginterferon 125mcg at either of the two dosing frequencies (Q2W or Q4W). Subjects initially randomised to active treatment continued active treatment at their original dosing frequency. All subjects in the second year ostensibly remained blinded to dosing frequency and to their original treatment allocation.
The submission was finalised with a data cut-off at the end of the first 48 weeks (24 October, 2012), which can be considered the pivotal stage of the study. Ongoing follow-up in the second 48 weeks is of interest, but does not provide robust evidence of efficacy given the lack of a placebo control group and the incomplete follow-up; only 46% of subjects entering Year 2 had completed it at the time of data cut-off.
The study was conducted in multiple centres, from 26 countries: Belgium, Bulgaria, Canada, Chile, Colombia, Croatia, the Czech Republic, Estonia, France, Georgia, Germany, Greece, India, Latvia, Mexico, the Netherlands, New Zealand, Peru, Poland, Romania, the Russian Federation, Serbia, Spain, the Ukraine, the United Kingdom (UK), and the United States (US). The study commenced on 5th June, 2009. The submitted study report had a data cut-off of 24th October 2012, but the study was ongoing at the time of submission.
[bookmark: _Toc375835825]Inclusion and exclusion criteria
Subjects were potentially eligible if they had RRMS, as defined by McDonald 2005 criteria (Polman 2005). The McDonald criteria have since been modified further, but the 2005 criteria were the most appropriate to use at the time that the study was initiated. The McDonald criteria represent the diagnostic consensus amongst MS specialists and are subject to regular revision; most MS treatment studies have employed whichever iteration of the McDonald criteria was available at the time of recruitment.
Inclusion criteria also sought to define a population with active relapsing disease in the early-to-middle stages of MS. In particular, subjects required:
An EDSS score between 0.0 and 5.0;
At least 2 documented relapses within the last 3 years, at least 1 of which was within the past 12 months;
Age 18 to 65 years.
Subjects with progressive disease (primary progressive, secondary progressive or progressive relapsing MS) were excluded, even if ongoing relapses were present. Progression was defined as continuous clinical disease worsening over a period of at least 3 months, without a clinically stable period or phase of clinical improvement.
To avoid confounding effects of previous treatments, the following exclusion criteria applied:
Prior treatment with IFN could not exceed 4 weeks, and subjects had to have discontinued IFN treatment 6 months prior to Baseline.
Prior treatment with agents expected to produce long-lasting immunosuppression was prohibited, including total lymphoid radiation, fingolimod, cladribine, T cell or T-cell receptor vaccine, or any therapeutic monoclonal antibodies, such as rituximab, natalizumab, or alemtuzumab.
Prior treatment with other immune-modifying agents was allowed, but specific washout periods were required as defined by the protocol, depending on the agents involved (cytoxan, mitoxantrone, azathioprine, methotrexate, systemic corticosteroids, glatiramer acetate).
Patients with other major neurological or systemic illnesses were also excluded, to minimise confounding variables. Female subjects were required to take measures to avoid pregnancy.
[bookmark: _Toc375835826]Study treatments
In Year 1 (Weeks 0 to 48) of the study, subjects were randomised to receive placebo, peginterferon 125 mcg SC every 2 weeks (Q2W), or peginterferon 125 mcg SC every 4 weeks (Q4W).
In Year 2 (Weeks 48 to 96), placebo-treated subjects were re-randomised to peginterferon every 2 or 4 weeks while subjects on active treatment remained on their assigned dosing regimen.
Placebo injections were used as necessary to ensure that all subjects received an injection every two weeks, regardless of treatment group, in both years of the study.
[bookmark: _Toc375835827]Efficacy variables and outcomes
The two main clinical efficacy variables in Study 301 were relapses, with each potential relapse assessed by an independent neurological committee (INEC), and disability, as measured by the EDSS.
According to the sponsor, relapses were defined as “new or recurrent neurologic symptoms not associated with fever or infection, lasting at least 24 hours, and accompanied by new objective neurological findings upon examination.” This definition is consistent with criteria outlined in the revisions to the McDonald Criteria for MS (Polman 2011a; Polman 2011b; Polman 2005).
The sponsor defined a clear pathway for the assessment of potential relapses. Subjects who experienced new neurological symptoms were instructed to contact their treating neurologist within 48 hours of symptom onset. If a relapse was suspected, they were evaluated in person by their treating neurologist within 72 hours of the onset of the potential relapse. Subjects then underwent a detailed neurological examination, including EDSS assessment, by an examining neurologist, whose role was independent of the treating neurologist. If new, objective findings were found by the examining neurologist, a suspected protocol-defined relapse was recorded; all such protocol-defined objective relapses were subsequently reviewed by a treatment-blinded INEC. This process, utilising two neurologists, is fairly standard for modern MS studies. The requirement for new neurological signs to be confirmed by a neurologist not involved in the patient’s care increases the objectivity of this definition, which is important given the potential for unblinding of the treating neurologist by treatment side effects. It should be noted, though, that the objectivity comes at the expense of reduced sensitivity, and some genuine relapses would not count as INEC-confirmed relapses by this process. A mild sensory relapse, for instance, would be missed by this process if it primarily caused subjective sensory changes rather than objective signs. (More inclusive definitions of relapse should therefore be considered in sensitivity analyses, as was done in this case.)
The EDSS was used to define the initial target population and to monitor subjects for disease progression. The EDSS is a standard disability scale that has been used in MS for decades. It uses an ordinal scale ranging from 0 (no disability) to 10 (death due to MS), with 7 representing severe disability (wheelchair-bound), as described by Kurtzke (1983). The EDSS has been widely validated in terms of inter-rater reliability, and it has become the gold standard for defining disability in MS trials, but it has been criticised for having poor sensitivity to minor changes in function, and for typically progressing in a non-linear fashion. Overall, it is still the most appropriate measure to use in a study of this nature, largely because it is so well known and characterised. In a study with only a single year of placebo-controlled treatment, it would be expected to be a fairly insensitive measure, with few subjects showing sustained disability progression.  (The progression rate in the placebo group was ~10%).
The sponsor defined disease progression as an increase in EDSS sustained for 12 weeks, which is a more inclusive definition than many other MS studies, which require a 24-week sustained increase in EDSS. Given the relatively short period of placebo-controlled treatment, this is appropriate. At Week 48, only progression beginning in the first 24 weeks of treatment has had the potential to be confirmed 24 weeks after onset. A sensitivity analysis using a 24-week definition produced similar results.
In addition to relapses and EDSS, several radiological markers of disease were used as supportive efficacy variables:
Number of new or newly enlarging T2 hyperintense lesions at 1 year
Number of gadolinium-enhancing (Gd-enhancing, Gd+) lesions at 1 year
Number of new T1 hypointense lesions at 1 year
The number of T2 hyperintensities is a marker of the number of “plaques”, or areas of inflammation in the brain. Lesions appearing between scans indicate new areas of inflammation, whereas enlarging lesions reflect new activity at old sites of inflammation. Gd-enhancing lesions represent an acute subset of the T2 hyperintense lesions, with enhancement indicating ongoing compromise of the blood-brain barrier at the time of the scan. T1 hypointense lesions represent areas of low density, usually because of axonal loss, and are thought to correlate with areas of permanent damage and hence the accumulation of disability. All three radiological measures are standard outcomes used in most modern MS studies and have been widely validated as a sensitive marker of disease activity. Compared to clinical relapses, radiological changes are known to occur with much higher frequency in MS subjects, so that the clinically overt relapses are a small subset of the overall level of disease activity; thus MRI endpoints are generally more sensitive than clinical endpoints for most MS treatments. MRI endpoints are not suitable as primary endpoints, however, because imunomodulatory agents could reduce the radiological markers of inflammation in an MS plaque, such as oedema, without necessarily reducing the actual damage; thus, appropriately, the sponsor has treated these as secondary and tertiary variables, as is common practice with MS studies.
Minor efficacy variables included:
Annualised rate of relapse requiring IV steroids
Annualised rate of MS-related hospitalisation
Multiple Sclerosis Functional Composite (MSFC), a composite score based on 
Timed 25-Foot Walk
Nine-Hole Peg Test [9HPT] with both upper extremities
3 Second Paced Auditory Serial Addition Test [PASAT 3]
Visual Function Test as measured by low-contrast Sloan letter charts
Symbol Digit Modality Test
Quality of Life as assessed using SF-12, EQ-5D, and MSIS-29 scales.
Where necessary, these scales are explained in more detail with the relevant results.
The primary efficacy endpoint in Study 301 was the annualised relapse rate (ARR) in the placebo-controlled first year of the study. This is a standard efficacy measure used in MS studies. Reducing relapses is a worthwhile clinical goal in its own right, because relapses are associated with morbidity and disability during the relapse. Also, because relapses are often associated with incomplete recovery, preventing relapses may prevent the accumulation of disability. (Previous observational studies have suggested that 42% to 57% of relapses are associated with residual neurological deficits; Hirst 2008; Lublin 2003.) Most agents on the market for MS have been approved on the basis that they reduce the incidence of relapses; to a variable extent this reduction in relapse rate has been associated with a delay in the progression of disability.  Ultimately, patients and clinicians are more concerned about the accumulation of disability than the frequency of relapses, but the disability is generally a less sensitive endpoint, requiring longer follow-up, and is therefore treated as a secondary endpoint in most MS studies.
Secondary and key tertiary efficacy endpoints are shown in the table below, listed in rank order. The rank was used to determine statistical significance in the setting of multiple endpoints, with lower ranking endpoints only considered significant if higher ranking endpoints had already achieved significance.
Table 12. Study 301 primary, secondary and key tertiary efficacy endpoints
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[bookmark: _Toc375835828]Randomisation and blinding methods
Subjects were randomised to receive peginterferon 125mcg SC every 2 or 4 weeks or placebo in a 1:1:1 ratio, using a centralized Interactive Voice/Web Response System (IXRS), stratified by site. At randomisation, the IXRS assigned a unique 6-digit subject identification number to each subject, which was used on each subject’s case report forms (CRFs). A unique treatment number was also assigned to each subject, providing the link between a subject’s CRF and blinded treatment assignment. At the completion of Year 1 (Week 48), placebo subjects were re-randomised to active treatment (125mcg Q2W or Q4W) through IXRS.
Given the potential for unblinding through flu-like side effects, all subjects receiving active treatment started with a low dose (63mcg) and increased every 2 weeks to the target dose of 125 μg, as illustrated in the figure below. This titration was performed in a blinded fashion. All subjects injected study treatment every 2 weeks, using placebo for every second dose in the Q4W group, to maintain blinding. On the initiation of active treatment in placebo subjects at the end of Year 1, a similar blinded titration schedule was used.
Figure 11. Dose titration scheme
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The study also employed the use of separate personnel for the treatment of patients and assessment of their neurological signs and radiology, so that any potential unblinding in the treating physician would be expected to have reduced impact on the major efficacy variables.
The adequacy of these measures is unclear. The extent of unblinding could have been assessed by asking clinicians and patients to guess what treatment had been assigned, but this was not done. Instead, the sponsor performed post-hoc subgroup analyses in patients with flu-like symptoms and patients with injection site reactions, to see if they showed similar efficacy to those without such telltale side effects. The results are discussed in Section Subgroup analyses based on methodological concerns. There was no strong suggestion that unblinding played a major role in determining the outcome of the study, but some unblinding is almost certain.
[bookmark: _Toc375835829]Analysis populations
All efficacy endpoints were evaluated in the intent-to-treat (ITT) population, defined as all subjects who were randomised and received at least 1 dose of study treatment (peginterferon or placebo).
In addition, the primary and secondary efficacy endpoints (but not minor endpoints) were evaluated in the per-protocol (PP) population, defined as subjects from the ITT population without any major protocol deviations.
Analyses performed on the ITT population were considered primary, and analyses based on the PP population were considered supportive.
The sponsor also defined a PK population, which included subjects who received at least 1 dose of peginterferon and who had at least 1 post-baseline measurable drug concentration, and a PD population, which included all subjects who received at least 1 dose of peginterferon or placebo treatment and had at least 1 post-baseline serum neopterin concentration.
[bookmark: _Toc375835830]Sample size
Sample size estimations were based on the primary endpoint, Year 1 annualised relapse rate (ARR). Based on previous experience with non-pegylated interferon beta, it was assumed that peginterferon would produce a ~32% reduction from placebo in ARR. Using a standard type I error rate of 0.05 and assuming a dropout rate of 10%, a sample size of 420 per treatment group was planned initially, which would provide approximately 90%, 87%, or 85% power when the placebo Year 1 ARR was 0.6, 0.55, or 0.5 relapses/year, respectively.
During the study, as specified prospectively in the protocol, the placebo ARR was estimated from the pooled annualised relapse rate, using the assumed treatment effect, and the placebo ARR was found to be lower than initially assumed. The sample size was therefore increased from 420 to 500 subjects per group in later versions of the protocol.
Given that the study easily achieved statistical significance for its major endpoints, the assumptions made during power estimations were broadly vindicated, and the study can be considered to have had adequate power for efficacy endpoints. It was not specifically powered to allow a definitive comparison of the two active regimens.
[bookmark: _Toc375835831]Statistical methods
The main statistical approaches for various endpoints are listed in the table below. For all analyses, the main data set under consideration was the intent-to-treat (ITT) population. Sensitivity analyses were also performed in the per-protocol (PP) population, producing similar results.
For the primary endpoint of annualised relapse rate (ARR), a negative binomial regression model was used. This type of model is generally applicable to a sparsely occurring endpoint, and seems appropriate overall given that most subjects did not experience a relapse. The ARR was adjusted on the basis of age, disease activity (relapse rate in the three years prior) and disease stage (EDSS), which is also broadly appropriate. A standard statistical alpha level of p ≤ 0.05 was considered to indicate a significant result.
Statistical results were not adjusted to account for multiple endpoints. Instead, for secondary and subsequent endpoints, a closed hierarchical method was used, with significance to be inferred only when all higher-ranking endpoints were also statistically significant (p ≤ 0.05). A similar process was used to account for the presence of multiple dose-frequency groups: for the primary endpoint, the Q2W group was compared to placebo; if the difference between the Q2W versus placebo was statistically significant (p ≤ 0.05), the analysis of the Q4W group could be performed and considered statistically significant if p ≤ 0.05, but if significance was not achieved with the Q2W group, the comparison of the Q4W group versus placebo would not be considered statistically significant, regardless of p-value.
For the proportion of subjects relapsed, a Cox proportional hazards model was used, with similar adjustments as used for the primary endpoint, plus an adjustment based on the presence or absence of Gd-enhancing lesions on the baseline MRI. It could be argued that Gd-enhancing lesions might have been useful in the negative binomial regression of the primary endpoint, not just the Cox proportional hazards model of the secondary endpoint, because Gd+ patients had a more pronounced response to treatment and there were group differences in the baseline prevalence of Gd+ scans.
The statistical methods chosen for other endpoints seem broadly appropriate. The baseline value of the variable being assessed (EDSS, number of lesions, and so on) was a term in the model for most analyses.
The sponsor also presented a range of sensitivity analyses using different approaches, suggesting that the choice of statistical method did not play a major role in determining the outcome of the study.
Table 13. Statistical methods used to analyse the clinical and MRI efficacy endpoints in Study 301
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[bookmark: _Toc375835832]Results
[bookmark: _Toc375835833]Participant flow
The ITT cohort includes 1512 subjects who received at least 1 dose of study treatment (placebo n=500, peginterferon Q4W n=500, and peginterferon Q2W n=512).
Most subjects (1332, 88%) completed 48 weeks of treatment; discontinuations in Year 1 were more common in the  peginterferon Q4W group (12%) and Q2W group (14%) than with placebo (9%), largely because of a higher rate of withdrawals due to AEs in the active treatment groups (5% in each active group, compared to 1% in the placebo group).
The slightly higher withdrawal rate in the active groups potentially introduced some withdrawal bias. The sponsor made some attempt to perform a post hoc analysis of the potential for withdrawal bias, which is discussed further in Section Subgroup analyses based on methodological concerns.
Figure 12. Overview of subject disposition Year 1
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All 1332 subjects who completed Year 1 received ≥ 1 dose of study treatment in Year 2. The 456 placebo subjects who completed Year 1 were randomised equally to peginterferon every 4 weeks or every 2 weeks group (n=228 in each placebo-to-active crossover group). Subjects who received active treatment in Year 1 continued the same treatment in Year 2 (n = 438 subjects continuing in each active dose group).
At the date of data cut-off (24 October 2012), 608 subjects (40% of the original cohort, 46% of those completing Year 1) had completed 2 years of treatment and 625 subjects (41% of the original cohort, 47% of those completing Year 1) were continuing dose-blinded treatment in Year 2, as shown in the figure below.
Figure 13. Overview of subject disposition Year 2
[image: ]
[bookmark: _Toc375835834]Major protocol violations/deviations
Major protocol deviations were infrequent, with only 47 subjects (3%) exhibiting a major protocol deviation, leading to their exclusion from the per-protocol population. The most common major violations were use of prohibited concomitant medications (n = 18) and poor study treatment compliance (n = 17), defined as missing more than 2 consecutive doses or more than 4 total doses. Thirteen subjects were excluded due to violation of the inclusion and exclusion criteria. Overall, the incidence of protocol violations was acceptable for a study of this nature, and 3% represents a small proportion of patients relative to the difference in proportions of relapsed patients in each group.
[bookmark: _Toc375835835]Baseline data
The three treatment groups were reasonably well-matched at baseline, as shown in the table below.
This was not a newly diagnosed population: the mean time since the occurrence of the first symptoms of MS was 6.6 years (range 0 to 40 years), and the mean time since MS diagnosis was 3.6 years (range 0 to 40 years).
Of all the factors shown in the table, only the prevalence of Gd-enhancing (Gd+) lesions appears to have shown a notable difference between groups. Recipients of the proposed dose (peginterferon 125mcg Q2W) had slightly fewer Gd+ lesions, on average, than placebo recipients (mean 1.2 vs 1.6 lesions), and both of these groups had fewer Gd+ lesions than the Q4W group (mean 1.8). Recipients of the active Q2W dose were also slightly more likely to be free of Gd+ lesions (65% had no Gd+ lesions) than the other two groups (both 59%). Although this could indicate that recipients of the proposed dose had less active disease, they were slightly more likely to have had >2 clinical relapses in the previous 3 years (39% in the Q2W group, 37% in the placebo group and 35% in the Q4W group). Subgroup analyses showed a numerically favourable treatment effect regardless of Gd+ status, but the treatment effect was only statistically significant in Gd+ subjects. It would be appropriate to perform a reanalysis with Gd+ status in the model.
Table 14. Study 301: Summary of demographics and baseline disease characteristics
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The gender balance (~70% female) and age (~36 years) are typical of the population of MS patients seeking disease-modifying treatment. Most subjects had minimal or mild disability (EDSS<4), which is also typical of the target population.
[bookmark: _Toc375835836]Results for the primary efficacy outcome
Results for the primary efficacy endpoint, annualised relapse rate (ARR), are shown for each treatment group in the table excerpt below. The ARR in the placebo group was ~0.4 relapses per year, and this was reduced by 35.6% with the proposed dose of peginterferon (125mcg Q2W). The difference was highly statistically significant (p=0.0007), making it a robust result unlikely to have been substantially affected by minor methodological issues such as withdrawal bias or slight inhomogeneity of the groups at baseline with respect to Gd+ status. The finding is also consistent with previous studies of non-pegylated beta interferon, which demonstrated a similar reduction in ARR, giving this study some external validity.  Finally, the results were compatible with the expectations of investigators in their power calculations, where it was assumed that peginterferon would produce a ~32% reduction from placebo in ARR.
This treatment effect is modest, but experience with non-pegylated beta-interferons has shown that a reduction in ARR of ≥ 30% is considered clinically worthwhile by most clinicians and patients. Most relapses are considered unpleasant by patients, and many are at least temporarily disabling, so even the modest result of preventing every third relapse, on average, is considered by most patients to be useful. Given that any individual relapse can be associated with incomplete recovery, preventing about one third of relapses would also be expected to lessen the accumulation of disability, though this needs to be demonstrated by considering disability endpoints directly.
Table 15. Study 301 summary of key efficacy results at 1 Year by treatment group.
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Less frequent dosing (peginterferon 125mcg Q4W) was also associated with a significant treatment effect, with a relative reduction in ARR of 27.5%, relative to placebo (p = 0.0114), but the results were less favourable than observed with Q2W treatment.
The primary endpoint was based on INEC-confirmed relapses, but a similar reduction in relapse rate was observed in more loosely defined relapse categories, as shown below. Of note, the INEC confirmed 181/213 relapses (85%) in the placebo group, 125/142 (88%) in the Q4W group, and 116/132 (88%) in the Q2W group.  The similarity of these proportions suggests that unblinding of treating clinicians did not substantially influence the number of potential relapses referred to the examining clinician and then to the INEC.
Table 16. Number of reported relapses at Year 1
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There was a numerical trend suggesting that more frequent dosing (Q2W) was more effective than less frequent dosing (Q4W). The observed difference between the two dosing frequencies, in terms of relative reduction in relapse rates compared to placebo, was 8.1% (35.6% risk reduction with Q2W versus 27.5% reduction with Q4W), which is small but likely to be considered clinically significant by patients and their physicians. Relative to the relapse rate experienced in the Q4W group (0.288 per year), treatment at the higher Q2W frequency would be expected to reduce the ARR by an additional 0.032 relapses (1 relapse every 31 patients over the course of one year), or by 11% of the Q4W annualised relapse rate. Direct comparisons of te two active groups are considered in Section Post hoc comparison of Q2W vs Q4W dosing.
Given that the mechanism of action of peginterferon is expected to be similar to non-pegylated interferon betas, the demonstration of a reduction in ARR that is similar for peginterferon Q2W as was previously demonstrated with other forms of interferon beta suggests that the proposed dose and frequency of peginterferon are broadly appropriate. It should be noted, however, that Phase 2 dose-ranging studies were not performed for peginterferon, and that the pharmacodynamic effects of once-weekly peginterferon were not assessed. This pivotal study suggests that Q2W is more effective than Q4W, but does not address the question of whether weekly peginterferon would be even more effective; nor does it assess the efficacy of doses higher than 125mcg.
The sponsor repeated the analysis of the primary endpoint in the per-protocol population, obtaining similar results, as shown in the table below.
Table 17. Summary of annualised relapse rate (INEC-Confirmed relapses) at 1 Year-Per protocol population
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[bookmark: _Ref371092186][bookmark: _Toc375835837]Subgroup analyses for the primary efficacy outcome
The sponsor performed a number of subgroup analyses based on baseline demographics and disease characteristics, as summarised in the figure and table below. In all subgroups examined, there was a numerical trend in favour of active treatment, though the analysis was often not sufficiently powered to show a statistically significant benefit; in the figure below this is represented by the horizontal line, indicating the 95%CI for the rate ratio, crossing unity for that subgroup.
The groups were reasonably well-matched at baseline, but there were slight differences in the prevalence of Gd+ lesions. The subgroup analysis based on the presence or absence of Gd+ lesions at baseline is reassuring in that it shows a broadly consistent benefit in both subgroups. The treatment effect was not statistically significant in those without Gd+ lesions at baseline, but the trend was favourable in these subjects and there was broad overlap between the two subgroups in terms of the 95%CI for the rate ratios of ARR.
Figure 14. Annualised relapse rate (INEC-confirmed relapses) at 1 Year-Rate ratio and 95% CI by subgroups
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Table 18. Summary of annualised relapse rate (INEC-Confirmed relapse) at 1 Year-ITT population by baseline disease characteristics subgroups.
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Table 18 continued. Summary of annualised relapse rate (INEC-Confirmed relapse) at 1 Year-ITT population by baseline disease characteristics subgroups.
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The effects of antibodies to peginterferon were also assessed but too few patients were affected for meaningful subgroup analysis. This issue is discussed separately in Section Effects of antibodies to peginterferon.
[bookmark: _Ref374631944][bookmark: _Toc375835838]Subgroup analyses based on methodological concerns
The sponsor performed a couple of post hoc subgroup analyses based on potential methodological concerns, including unblinding side effects and withdrawal bias.
Given the characteristic side effects of interferon beta, such as flu-like symptoms (FLS) and injection site reactions (ISR), there is a considerable risk that subjects and clinicians might guess treatment allocations, and hence become unblinded. Accordingly, the sponsor performed a post hoc analysis that assessed the treatment effect in subgroups defined by the presence or absence of these symptoms.
In subjects with potentially unblinding FLS symptoms who received peginterferon, the relapse rate was actually higher than in peginterferon recipients who did not have FLS, as shown in the table below. (If unblinded physicians were reluctant to report relapses in subjects on active treatment, the opposite trend would be expected.) In both subgroups (those with and without FLS), and at both dosing frequencies (Q2W and Q4W), the ARR was lower with active treatment than with placebo, though the difference was not always significant.
In subjects who received the proposed dose of peginterferon (125mcg Q2W), the ARR was very similar in those with ISR and those without, and in both subgroups the ARR was at least numerically superior to that observed with placebo, as shown in the table.
Overall, this suggests that the treatment effect was not strongly influenced by potential unblinding due to telltale side effects.
Table 19. Summary of annualised relapse rate (INEC-Confirmed relapse) at 1 Year-ITT population by special interest AEs (experienced at least one vs none).
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To assess for the possibility of withdrawal bias, the sponsor performed post hoc subgroup analyses in subjects who withdrew during Year 1 and in those who completed Year 1. The results, shown in the table below, reveal that relapse rates were substantially higher in patients who withdrew than in those who continued, regardless of treatment assignment. This effect was most marked in placebo recipients, which is not surprising because these subjects are relatively unlikely to have withdrawn because of side effects, and those withdrawing because of treatment failure would therefore constitute a higher proportion of the total withdrawals. In recipients of active treatment, a higher relapse rate appears to have contributed to withdrawal (given the higher ARR in withdrawing subjects), but the withdrawing subjects had less active disease, on average, than the withdrawing placebo recipients. This could partly reflect on-going efficacy of the discontinued active treatment in withdrawing subjects, but it is also likely that side effects in the active groups modified the willingness of subjects to put up with relapses, leading to withdrawals that were partly due to relapses and partly due to side effects.
Table 20. Summary of annualised relapse rate (INEC-Confirmed relapse) at 1 Year-ITT population by status in Year 1 of Study 301 (withdrawal vs completion).
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The most important comparison to note is between the ARR in withdrawing subjects in the active groups and the overall placebo ARR (reflecting the average natural history of the disease), which is not shown in the table. For the Q2W group, the ARR rate of withdrawing subjects (0.530 relapses/yr) was higher than the overall placebo rate (0.397 relapses/yr), suggesting that the Q2W group was progressively enriched with milder-than-average cases during the withdrawal process. The placebo group was also enriched by withdrawal of worse-than-average cases, but this effect was potentially less marked in the placebo group because the number of withdrawals was less with placebo. The table therefore suggests that a withdrawal effect is possible.
In pre-submission correspondence with the TGA, the sponsor claimed to have done a sensitivity analysis to check for withdrawal bias. This claim is only partially accurate. Apart from noting the treatment effect in completers versus withdrawing subjects, as above, the sponsor did not perform a detailed sensitivity analysis of the potential for withdrawal bias. For instance, the sponsor did not repeat any of their analyses with pessimistic imputation methods to judge the extent to which the results might have been influenced by progressive enrichment of the active groups with patients who were doing well enough in terms of disease control to put up with side effects, and progressive exclusion of patients who were not prepared to put up with the combination of poor efficacy and side effects.
Nonetheless, a simple post hoc calculation by the evaluator suggests that withdrawal bias is unlikely to have played a major role. Taking the worst ARR in the table above (0.648, the rate observed in withdrawing placebo recipients) and assigning it to all withdrawing patients allows a pessimistic estimate of what the ARR might have been in each treatment group if follow-up data were available. This approach is potentially biased against the active treatment group, because it assigns a final ARR to withdrawing subjects that is considerably worse than what had actually been observed in the withdrawing/active subgroup up to the point of withdrawal. If the ARR calculated by this highly pessimistic method still favoured active treatment at the proposed dose over placebo, then it would be unlikely that the positive findings in this study were primarily due to withdrawal bias.
In the placebo group, the mean ARR resulting from this calculation would be [44x0.648 + 456x0.380]/500 = [28.512 + 173.28]/500 = 201.792/500 = 0.403, close to what was estimated in the placebo group in the original primary analysis (0.397, 95%CI 0.328 to 0.481). In the Q2W group, the mean ARR estimated by this pessimistic approach would be [73x0.648 + 439x0.230]/512 = [47.304 +100.97 ]/512 = 148.274/512 = 0.290, which is worse than the results actually achieved in the Q2W group in the primary analysis (0.256 relapses/year 95%CI 0.206 to 0.318), but still outside the estimated 95%CI for the placebo rate (0.328 to 0.481). Note that this quick-estimate approach does not produce 95%CIs for the resulting ARR in the active group, but the shift in ARR would be sufficient to cause overlap between the placebo and active ARR, given that the 95%CIs for the placebo results and Q2W results were separated by only 0.01 (0.318 for the upper bound of the Q2W results vs 0.328 for the lower bound of the placebo results). It seems very likely, then, that the overall results would be insignificant if this pessimistic imputation method were employed, but the trend would still be numerically in favour of active treatment.
A similar pessimistic analysis based on the proportion of subjects relapsed produced broadly similar conclusions, and suggested that withdrawal bias is unlikely to have had a major impact on the results.[footnoteRef:5]* [5: *Another check of the robustness of the results in the face of possible withdrawal bias can be achieved by looking at the proportion of subjects who relapsed (a secondary endpoint), and pessimistically assuming that 0.648 of withdrawing subjects would have had at least one relapse in Year 1. This is pessimistic, because it assumes that the average relapse rate in placebo-withdrawals is assigned to all withdrawing subjects, and then distributed evenly to maximise the number of relapsed subjects. In placebo recipients, the estimated proportion of relapsed subjects was 0.291 (29.1%) and 44/500 (8.8%) subjects withdrew; 8.8% x0.648=5.7%, for an estimated total of 34.8% of subjects who would have relapsed if the withdrawals had been adequately followed. In the Q2W group, the estimated proportion of subjects relapsed was 0.187 (18.7%) and 73/512 (14.3%) subjects withdrew; 14.3%x0.648=9.3%, for a notional total of 23.6% who would have relapsed in the Q2W group. The proportion of relapsing subjects in the Q2W group, by this highly pessimistic method, is considerably better than estimated in the placebo group by the same method (23.6% vs 34.8%), and the relative reduction in notional proportion relapsed is broadly similar to that observed in the original analysis, with a 32% relative reduction in the risk of relapsing (1 - 23.6/34.8 = 1-0.678 = 0.32). Although simplistic, this rough pessimistic calculation suggests that withdrawal bias does not account for the positive findings in this study.] 

[bookmark: _Toc375835839]Results for secondary endpoints
Results for all of the major endpoints, including the primary endpoint just discussed, are shown in the table below. For all of the major endpoints, a statistically significant benefit was demonstrated with the proposed Q2W dose, relative to placebo.  For most endpoints (all of the clinical endpoints, and one of three MRI endpoints), a significant benefit was also demonstrated with Q4W dosing, but for each endpoint the benefit was numerically inferior to the benefit seen with the proposed Q2W dose.
The proportion of subjects relapsed after one year, a key secondary endpoint, broadly followed the results for the primary endpoint. The proportion relapsed is potentially a less sensitive endpoint than ARR, because only first relapses in the period of interest are counted, but a high level of significance was nonetheless demonstrated (p=0.0003).  After adjustment, approximately 29.1% of placebo subjects relapsed after one year, compared to 22.2% of subjects receiving peginterferon Q4W and 18.7% of subjects receiving peginterferon Q2W (see the figure and table below).
Table 21. Summary of key efficacy results at Year 1 by treatment group
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Figure 15. Time to first relapse
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For disability progression, the relative risk reduction compared to placebo was broadly similar to that achieved with other endpoints, but the statistical significance of the result was less marked, reflecting the lower sensitivity of this endpoint. As shown in the table above, an estimated 10.5% of placebo recipients would be expected to progress (after adjustment), compared to 6.8% of the Q2W group and 6.8% of the Q4W group (for this endpoint the two active groups were identical). This represents a 38% relative risk reduction for progression over one year (p=0.038).
The Sponsor performed a post-hoc sensitivity analysis of EDSS progression confirmed at 24 weeks, instead of 12 weeks. This showed that peginterferon reduced the risk of disability progression by 31% (Q4W) and 50% (Q2W) relative to placebo, with statistical significance versus placebo demonstrated for the Q2W group (p=0.0166).
For MRI endpoints, the results strongly favoured peginterferon Q2W over placebo, and more weakly favoured Q4W over placebo. For peginterferon Q2W, the percentage reduction in mean lesion count, compared to placebo, was 67%, 86% and 53% for new/enlarging T2 lesions, Gd+ lesions and new T1 hypointense lesions, respectively, and for all three reductions the effect was highly statistically significant (p<0.0001) . For peginterferon Q4W, the corresponding reductions over placebo were 28%, 36% and 18%, with only the reduction in T2 lesions showing statistical significance (p=0.0008).  These highly significant objective results provide further confirmation that the positive findings for this study are not likely to be due to unblinding or other methodological flaws.
[bookmark: _Toc375835840]Results for tertiary endpoints
Minor efficacy variables included:
Multiple Sclerosis Functional Composite (MSFC), a composite score based on
Timed 25-Foot Walk
Nine-Hole Peg Test [9HPT] with both upper extremities
3 Second Paced Auditory Serial Addition Test [PASAT 3]
Visual Function Test as measured by low-contrast Sloan letter charts
Symbol Digit Modality Test
Quality of Life as assessed using SF-12, EQ-5D, and MSIS-29 scales
The annualised rate of relapse requiring IV steroids was significantly reduced over the 1-year treatment period by active treatment compared with placebo, by 25.6% in the Q4W group (p = 0.0395) and 34.2% in the Q2W group (p = 0.0049).
The annualised rate of MS-related hospitalisations at 1 year was reduced by 16.6% and 44.1% by active treatment in the Q4W and Q2W groups, respectively (p = 0.3926 and p =0.0148).
The MS Functional Composite (MSFC) measures disability by getting a subject to perform functional tasks and expressing all performance measures as Z-scores (proportions of a standard deviation in a reference population). It has been proposed as an alternative to the EDSS (Fischer et al, 1999) but is still considered secondary to the EDSS in importance (EMEA Guidelines), and it fails to capture disability in several neurological domains, such as vision and sensory function. The MSFC consists of 3 components:
Average scores from the 4 trials on the 9-Hole Peg Test, 9HPT (2 trials for each hand are averaged and converted to reciprocals for each hand; then the 2 reciprocals are averaged)
Average scores for the 2 Timed 25 Foot Walks (T25FW)
The number correct on the Paced Auditory Serial Addition Test, version 3 (PASAT 3)
In this study, it proved to be too insensitive to show a significant slowing of disability progression with active treatment. Changes from baseline in the MSFC composite Z-score at 1 year in the active groups were not significantly different (p = 0.1894 and p = 0.2159, respectively) from those of the placebo group, and there were no clear trends, as shown in the figure below. (Positive changes in the composite z-score indicate improvements).
Figure 16. MSFC: Change of z-score from baseline over time-Year 1-ITT population
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Sub-components of the MSFC, including progression of cognitive disability measured on the PASAT3, also failed to show a benefit with active treatment. Similarly, other performance-based tests, including the Symbol Digit Modalities Test (SDMT) and the Visual Function Test (VFT) showed no significant difference between groups. This is likely to reflect the heterogeneous nature of MS, which causes different neurological symptoms in different patients, such that too few patients show disability in any single domain over the course of a year for this to produce a clear signal of efficacy.
Other tertiary endpoints included MRI variables assessed at time intervals other than one year; these were consistent with the one year results. The benefit of treatment was apparent within 24 weeks: significant reductions in the number of new active T2 lesions were observed at the first MRI assessment at Week 24, with reductions of 28% (p = 0.0006) in the Q4W group and 61% (p <0.0001) in the Q2W group. The two-year MRI results were also considered tertiary, but these are discussed separately in the next section.
The final group of tertiary endpoints included a number of quality-of-life (QOL) assessments: the MSIS-29, the SF-12 and EQ-5D. None of these tests showed a significant treatment effect, and in most cases there was little change from baseline, indicating that one year of follow-up was too short a time to show a major change in quality of life in the study population.
These tests are standard QOL instruments, which have been described and validated previously and used in a variety of MS studies. Given the minor role they played in this study, details of their conduct and validation is not repeated here, but they are briefly summarised below.
The MSIS-29 (MS Impact Scale) measures 20 physical items and 9 psychological items addressing the impact of MS from a subject’s perspective. The effect of peginterferon on the change from baseline to Week 48 in the MSIS-29 physical score was analysed using an analysis of covariance (ANCOVA) model, adjusting for the baseline score. The mean MSIS-29 scores decreased across all groups at 1 year, indicating improvement, but no significant differences were observed between the placebo and active groups.
The SF-12 (12-Item Short Form Health Survey) is a non-MS-specific quality of life tool that measure functional health and well-being from the patient’s point of view. It has 8 domains that are grouped into 2 summary scores: the physical and mental component scale (PCS and MCS). Higher scores indicate better function. Changes from baseline were compared between treatment groups using an ANCOVA model, adjusted for baseline SF-12 scores. Mean scores were similar at baseline and the mean changes from baseline were similar across all groups at each time point.
The EQ-5D™ (European Quality-of-life questionnaire consisting of 5 domains) is a subject-rated QOL instrument that includes a descriptive system and a visual analogue scale, the EQ-VAS. The descriptive system provides a profile of the subject’s health state in 5 dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The VAS records the respondent’s self-rated health on a scale of 0 (Worst imaginable health state) to 100 (Best imaginable health state).
At baseline, the mean EQ-5D index and EQ-VAS were similar across all 3 treatment groups. There was no mean change over 1 year for either of the active groups. Scores in the placebo group indicated a slight decreasing trend, indicating deteriorating function, but no significant differences were observed between the placebo and active groups.
[bookmark: _Ref375647527][bookmark: _Ref375647531][bookmark: _Ref375673407][bookmark: _Ref375673410][bookmark: _Toc375835841]Effects of antibodies to peginterferon
A review of ARR according to antibody status did not show a detrimental effect of antibodies upon the efficacy of peginterferon. For binding antibodies (BAbs), subjects who were ever positive had a lower ARR than subjects who were never positive, in both active groups. For neutralising Abs (NAbs), those who were ever positive had a relapse rate of zero, which reflects the low number of patients in this group. For anti-PEG Abs, the ARR was similar in subjects who were ever positive or never positive.
Table 22. Annualised relapse rate at 1 Year by antibody status
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It remains possible that a larger study would reveal that NAbs compromised efficacy, as has been demonstrated with non-pegylated interferon treatments, but the current evidence doses not suggest that this is a particular concern with peginterferon.
[bookmark: _Toc375835842]Results in the non-placebo controlled second year
Only the first year of Study 301 was placebo-controlled. In the second year, subjects initially randomised to placebo were re-randomised to peginterferon 125mcg Q2W or Q4W. A total of 1332 subjects who received at least some peginterferon in Year 2 and, at data cut-off, 608 subjects had completed the entire 2-year study period (205 subjects who switched from placebo and 403 subjects who continued active treatment through both years).
Data from the second year can only be considered supportive, but it is generally reassuring.
For the primary endpoint (ARR), results in the 1332 subjects who had at least some second year data are summarised below. Year 1 results refer to 48 weeks of placebo-controlled treatment, whereas the Year 2 results refer to variable periods of incomplete follow up. The ARR in subjects who initially received placebo improved on switching to active treatment, though this was not statistically significant, as indicated by overlapping 95%CIs. Subjects who continued peginterferon Q4W showed persistence of the same ARR across both years, whereas subjects receiving peginterferon Q2W showed a trend towards further improvement in the second year.
Figure 17. Summary of annualised relapse rate (INEC-Confirmed relapse) by study year -ITT population dosed in Year 2.
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Although not significant in their own right, these observations add to the robustness of the first year results. They also suggest that the superior efficacy of Q2W treatment over Q4W in the first year was not simply due to a slow onset of efficacy in the Q4W group, because the Q4W group still had a higher relapse rate than the Q2W group in the second year.
Relapses were also analysed with a Kaplan-Meier estimate of the time to first relapse over the course of two years. For this analysis, subjects who initially received placebo were pooled, even though they were split into two different active dosing frequencies in the second year. The curve shows that both active groups were similar in the first year of treatment, but separated towards the end of the first year and kept diverging in the second year. Again, this suggests that Q2W treatment shows sustained superiority over Q4W treatment, and the first year results did not simply reflect a delayed onset of benefit in the Q4W group. In both of the continuous active treatment groups, the time to first relapse was significantly delayed compared to subjects who had a year of placebo treatment. On switching to active treatment, the curve for the initial placebo recipients adopted a gradient similar to that of the continuous active treatment groups, but this is difficult to interpret given the lack of a control group; it might reflect regression to the mean or the natural history of multiple sclerosis, which is known to show less frequent relapses as the disease matures.
Figure 18. Time to first relapse (INEC-confirmed relapses) over 2 years-ITT population.
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Kaplan-Meier analysis was also used to assess the third major clinical endpoint, disability progression. As shown in the figure below, disability progression at the end of the first year was more common in subjects on placebo, and even when all subjects received active treatment, the initial placebo recipients remained more likely to have progressed. The group who received peginterferon Q2W continuously were significantly superior to those who began treatment with placebo (p=0.0223), whereas those who received peginterferon Q4W continuously merely showed a trend towards superiority over initial placebo recipients (p=0.0822).
Figure 19. Time to sustained progression of disability as measured by increase in EDSS over 2 years-ITT population.
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For the major radiological measure, number of new or newly enlarging T2 lesions, all groups showed an improvement in the second year of treatment. Without an untreated control group, it is difficult to know to whether this represents a response to treatment or the natural history of the condition. As shown in the figure below, active dosing with peginterferon Q2W in the second year was superior to Q4W dosing; even in subjects that had received placebo in the first year, the number of lesions in the second year was lower in those switching to Q2W treatment than in those who had continued Q4W dosing throughout the study. This strongly suggests that much of the improvement in the second year was a genuine response to treatment, not merely natural improvement, and that  Q2W treatment is more effective than Q4W treatment, even when Q4W treatment has had a more than a year to exert its effects. These results were only presented with descriptive statistics, but the superiority of Q2W dosing over Q4W dosing in suppressing MRI lesions over two years was presented with comparative statistics, discussed below, and the difference was significant.
Figure 20. Number of new or newly enlarging T2 lesions by study year-ITT population dosed in Year 2.
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In general, the two-year results did not show any apparent waning of efficacy, but without an untreated control group, it is not possible to draw firm conclusions.
[bookmark: _Ref375647036][bookmark: _Ref375647057][bookmark: _Toc375835843]Post hoc comparison of Q2W vs Q4W dosing
The study was not designed or powered for direct comparison of the two active doses, but the sponsor performed a post hoc comparison of Q2W and Q4W dosing for all major endpoints. The table below shows the relative treatment effect of Q2W dosing vs Q4W dosing at the end of Year 1 and at the end of Year 2, based on subjects who received continuous active treatment (that is, excluding subjects who switched from placebo treatment).
None of the Q2W/Q4W comparisons based on clinical endpoints achieved statistical significance, but the ARR over two years showed a strong trend (p=0.0590).
For most clinical endpoints, the rate ratio of Q2W to Q4W was in the range 0.79 to 0.89, indicating that Q2W treatment is associated with 80-90% of the disease activity seen with less frequent dosing. This includes disability progression over 2 years, even though disability progression at one year was the same in both active groups.
The radiological endpoints, which are generally more sensitive than clinical endpoints, more strongly favoured Q2W treatment, with the rate ratio for active T2 lesions being 0.46 in the first year and 0.36 over two years, compared to Q4W treatment; this was highly statistically significant (P<0.0001 for both periods).
Table 23. Relative treatment effect of BIIB017 dose regimens in Year 1 and over 2 years in Study 301. Post hoc analysis in the ITT population.
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These comparisons are presented graphically, below.
Figure 21. Summary of comparison between 2 active groups for key clinical endpoints over 2 years-ITT population.
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Overall, this post-hoc analysis strongly suggests that peginterferon 125mcg Q2W is superior to Q4W treatment, and that the benefit of more frequent dosing is maintained or even extended in the second year of treatment.
Unfortunately, this also strongly raises the question of whether weekly treatment would be even more effective than Q2W treatment.
[bookmark: _Toc375835844][bookmark: _Toc413843692]Extension study, 105MS302
[bookmark: _Toc375835845]Title
A Dose-Frequency Blinded, Multicenter, Extension Study to Determine the Long Term Safety and Efficacy of PEGylated Interferon Beta-1a (BIIB017) in Subjects with Relapsing Multiple Sclerosis.
[bookmark: _Toc375835846]Design
[bookmark: _Toc375835847]Objectives, locations and dates
This study was designed as an extension of the pivotal study described above, with the primary objective of gathering long-term safety and tolerability data, and the secondary objective of gathering more efficacy follow-up.
It is still on-going, and is being conducted in the same centres as the parent study, 101MS301.[footnoteRef:6] It began on 11th April, 2011, with a data cut-off at the time of submission of 24th October 2012 [6: Erratum: 105MS301] 

At the time of data cut-off, 517 subjects have been enrolled; 508 subjects have received at least 1 dose; and 407 subjects have received at least 1 dose and attended for a post-baseline safety follow-up.
[bookmark: _Toc375835848]Inclusion and exclusion criteria
The primary eligibility criterion was completion of Study 301. Key exclusion criteria were a period of >6 weeks since completion of the Week 96 Visit of Study 301, or any significant change in medical condition that,  in the opinion of the Investigator, would have excluded the subject from participation in Study 301.
[bookmark: _Toc375835849]Study treatments
Subjects continued to receive their peginterferon 125mcg at the same randomised dosing frequency they had received in the second year of the pivotal study (Q2W or Q4W). This included patients who had received the same regimen from the start of the pivotal study, as well as those who had switched to active treatment from placebo.
[bookmark: _Toc375835850]Efficacy variables and outcomes
The main clinical efficacy variables were:
annualized relapse rate
proportion of subjects relapsed
number of relapses requiring intravenous (IV) steroid use
number of MS-related hospitalizations
progression of disability as measured by the Expanded Disability Status Scale (EDSS)
cognitive changes measured by the Symbol Digit Modalities Test (SDMT)
The radiological endpoints were:
number of new or newly enlarging T2 hyperintense lesions on MRI scans
number of new active lesions on brain MRI scans
number of new T1 hypointense lesions on brain MRI scans
number of Gd-enhancing lesions on brain MRI scans
volume of T2 hyperintense lesions on brain MRI scans
volume of T1 hypointense lesions on brain MRI scans
volume of Gd-enhancing lesions on brain MRI scans
whole brain atrophy
The sponsor did not designate a single efficacy variable as primary, because of the lack of a placebo comparator group. In general, the results were presented descriptively. Given that the initial study used annualised relapse rate (ARR) as the primary efficacy outcome, this should be considered the most important efficacy measure for the extension study.
[bookmark: _Toc375835851]Randomisation and blinding methods
All subjects were already receiving active treatment, with alternate placebo and active injections in the Q4W group, to maintain blinding. This treatment continued in a double-blind fashion through to the extension study.
[bookmark: _Toc375835852]Analysis populations
The analysis population for efficacy was the ITT population, consisting of subjects who received at least one dose in Study 302.
The sponsor identified two treatment groupings and two datasets, based on treatment and observations in Study 302 alone (Study 302 Treatment Grouping and Study 302 Data); and on treatment and observations spanning the subjects’ involvement across both studies, based on their treatment assignment across both years of Study 301 (Combined Treatment Grouping and Combined Data). In the Combined Treatment Grouping, four treatment arms were considered: placebo-peginterferon Q4W; placebo-peginterferon Q2W; continuous peginterferon Q4W; continuous peginterferon Q2W.
All efficacy analyses were conducted using the Study 302 Intent-to-Treat (ITT) Population, based on the Study 302 Treatment Grouping and the Study 302 Data.
Selected efficacy analyses, including annualised relapse rate, proportion of subjects relapsed, and disability progression, used the Study 302 ITT Population with Combined Treatment Grouping and Combined Data.
For safety assessments, the sponsor defined a Safety Population, which included all subjects who received at least 1 dose of study treatment in Study 302 and had any post-baseline safety follow-up, defined as any treatment-emergent AE or any post-baseline laboratory, vital signs, or physical exam assessment in Study 302.
[bookmark: _Toc375835853]Sample size
Sample size was solely determined by the availability of patients exiting the parent study. As the study is on-going, with relatively few patients having received treatment in the study for a year (n=46), the statistical power of the study is severely limited. Because of this, and the lack of a placebo control group, the sponsor did not attempt to perform formal statistical hypothesis testing.
[bookmark: _Toc375835854]Statistical methods
Analyses were descriptive in nature without formal statistical hypothesis testing, and they were based on observed data without imputation for missing values. This is appropriate for an extension study lacking a placebo comparator.
Where appropriate, confidence intervals (CIs) were provided for each treatment group to indicate the estimated variability around efficacy measure, but without a placebo comparator this cannot be used to infer a significant treatment effect.
For the major endpoint of ARR, 95% CI were calculated using a negative binomial regression model, adjusting for baseline EDSS score (<4.0 versus ≥4.0), baseline age (<40 versus ≥40 years old), and baseline relapse rate (based on the 3 years prior to the day of screening of Study 301) as covariates.
The proportion of subjects relapsed was estimated as the probability of relapse from the Kaplan Meier curve of the time to the first relapse (i.e., Kaplan-Meier product-limit estimator). The time to sustained disability progression was also based on Kaplan-Meier curves, as was the estimated proportion of subjects with sustained disability progression at key time-points.
[bookmark: _Toc375835855]Results
[bookmark: _Toc375835856]Participant flow
Subject disposition is summarised in the figure below. A small number of subjects (n=19) have withdrawn from the extension study; most enrolled subjects have received at least one dose (n=508) and remain in the study. Exposure in those subjects is limited; at data cut-off it ranged from 2 weeks to 80 weeks; 46 subjects had completed 1 year of treatment and no subjects had completed the planned 2 years.
Figure 22. Overview of subject disposition
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[bookmark: _Toc375835857]Major protocol violations/deviations
Protocol deviations were not summarised by the sponsor, but were listed in a 38-page table. Most protocol deviations were minor, and most subjects with protocol deviations have continued in the study. Because this was an extension study without formal statistical hypothesis testing, a per-protocol population was not defined.
[bookmark: _Toc375835858]Baseline data
The population of this extension study resembled the original population in the pivotal study: 72% of subjects were women; they ranged in age from 20 to 57 years (mean: 38.1 years). At  the baseline of Study 302, most had EDSS scores of <4.0 (84%). The mean EDSS scores in the Q2W group were slightly lower (2.39) than in the Q4W group (2.51). The baseline MRI characteristics were similar across groups, and typical of a RRMS population with mean values of the pooled population as follows: (Gd-enhancing lesion number [0.4] and volume [0.052 cm3], T2 hyperintense lesion volume [9.977 cm3], and T1 hypointense lesion volume [3.772 cm3]). These values were similar across the two dose-frequency groups.
Overall, there were no important differences.
[bookmark: _Ref370908590][bookmark: _Ref370908594][bookmark: _Toc375835859]Efficacy results
Relapses during the first year of the extension study are shown in the figure below. The number of subjects with 48 weeks of data is very low (at risk n=31), so it is not possible to infer annualised relapse rates or proportion of subjects relapsed with confidence, but the curves suggest that the superiority of Q2W versus Q4W dosing has continued through the third year of treatment.
Figure 23. Time to first relapse (objective relapses). Study 320 ITT population. Study 302 data.
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The following tables attempt to quantify the relapse rates and proportion relapsed. Note that it is not apparent from the tables how few subjects have contributed to the analysis, because the number of subjects cited refers to those who have entered the ITT population, some of whom have only received a single dose. This explains the discrepancy between the number of subjects indicated as having relapsed (5% of the Q2W group) and the projected proportion relapsed (at least 10% by Week 36).
In the pivotal study, the Q2W group had a relapse rate of 0.256 (95%CI 0.206 to 0.318) in the first placebo-controlled year, whereas the first year of the extension study shows a relapse rate of 0.203 (95%CI 0.116 to 0.355) with the same dosing regimen. The Q4W group appears to have done less well; they had a relapse rate of 0.288 (95%CI 0.234 to 0.355) in the first year of the pivotal study, compared to 0.410 (95%CI 0.260 to 0.645) in the extension study. Note that the rate observed with Q4W dosing in Study 302 is actually slightly worse than the placebo ARR in the pivotal study (0.397), but the 95%CIs for the ARR in the two periods of Q4W dosing overlap with each other, and the 95%CI for Q4W treatment in the extension study includes the possibility of a rate as low as 0.260. Potentially, this apparent trend to declining efficacy with Q4W dosing indicates another reason to prefer Q2W dosing.
Table 24. Summary of annualised relapse rate (Objective relapses) at Study 320 Year 1 -ITT population (Study 302 data).
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In the combined dataset across the pivotal study and its extension, the best overall results were seen in subjects who started active treatment with Q2W dosing in the pivotal study and continued it into the extension study, as shown in the figure below. Because patient numbers in the extension study were low, 95%CIs were broad and overlapping, and no firm conclusions can be drawn.
Figure 24.Annualised relapse rate (Objective relapses) by yearly interval-Study 320 -ITT population (Study 301 and 302 data combined).
[image: ]
For the proportion relapsed during Study 302, there was apparent superiority of Q2W dosing over Q4W dosing, as shown below, but the numbers are too low to provide an estimate for the proportion relapsed after one year in Study 302, so this preliminary evidence can only be considered weakly supportive.
Table 25. Summary of proportion of subjects relapsed (objective relapses) at Study 302 Year 1-Study 302 ITT population (Study 302 data)
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Overall, despite the methodological limitations of the study, including the potential for bias arising from the selection of patients willing to enter the extension study, the efficacy data from Study 302 is broadly reassuring. There is, at least, no apparent loss of efficacy with continued use of the Q2W regimen. The limited extension data does suggest, however, that Q4W dosing does not produce sustained efficacy.
Because of the relatively short follow-up available in Study 302, it is too early to have a robust measure of the proportion of subjects showing disability progression within Study 302. Using the criterion of a 24-week sustained EDSS progression, disability progression over 3 years was confirmed for:
4 subjects (5%) in the placebo to peginterferon Q4W group ;
8 subjects (9%) in the placebo to peginterferon Q2W group ;
17 subjects (10%) in the peginterferon Q4W group ;
8 subjects (5%) in the peginterferon Q2W group
Because of the small number of subjects with more than 24 weeks of follow-up in Study 302, the proportion of subjects with 24-week confirmed progression could not be reliably estimated at Week 48. The Kaplan-Meier estimate of the proportion of subjects with 24-week sustained disability progression at the earlier time-point of Week 24 of Study 302 was 0.051 for the placebo to peginterferon Q4W group, 0.093 for the placebo to peginterferon Q2W group, 0.101 for the peginterferon Q4W group, and 0.047 for peginterferon Q2W group. These results suggest that the least treated group (those switching from placebo to Q4W treatment) progressed at about the same rate as the most treated group (those receiving Q2W for 3 years). This conclusion is not consistent with the overall results, and is likely to reflect the low patient numbers reaching this endpoint. Also, in the absence of a placebo control group, no real conclusions can be drawn from this data.
[bookmark: _Toc375835860][bookmark: _Toc413843693]Analyses performed across trials
The only analyses performed across trials were those already considered in which the results of the extension study, Study 302 incorporated data from its pivotal parent study, Study 301, as discussed above.
[bookmark: _Toc375835861][bookmark: _Toc413843694]Supportive evidence from related beta-interferon studies
Several studies have been performed that demonstrate the efficacy of interferon beta in the treatment of RRMS, and a full review of all those studies is beyond the scope of this evaluation. The sponsor provided a table summarising the available data, and an excerpt from that table is reproduced below. Inspection of the table shows that peginterferon 125mcg Q2W has an efficacy that is broadly consistent with other interferon beta treatments, reducing relapse rate by 36%, compared to other interferon beta preparations that reduce the relapse rate by 31-32%. (The ARR reduction with Avonex was only 18% overall, but the study was stopped early and the reduction was 32% in those who completed the study as planned). The efficacy of peginterferon and other interferon beta therapies appears to be inferior to some other available agents, such as natalizumab, which is not shown in the table, but some of the more effective agents in MS come with significant safety concerns.
Table 26. Comparison of MS disease modifying therapies (continued)
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Although studies performed with other interferon beta agents do not directly address the efficacy of peginterferon, they do provide a context in which the affects of pegylation can be judged. Apart from allowing less frequent dosing, pegylation does not appear to have had a major effect on the efficacy of interferon beta -1a, because peginterferon produced a broadly similar reduction in relapse rate and disability progression as achieved with non-pegylated interferon beta-1 (albeit in different populations with different placebo groups).
Cross-study comparisons cannot truly address the relative efficacy of competing products, however, and the few head-to-head studies that have been done in MS suggest that more frequent dosing is usually more effective than infrequent dosing, as discussed previously (Section 5.3, p35). The submitted evidence suggests that Q2W dosing is more effective than Q4W dosing, but pharmacodynamic and literature considerations suggest that it may not be the most effective possible regimen of peginterferon. In the absence of studies specifically addressing the efficacy of weekly peginterferon regimens, such as 125mcg weekly, it is impossible to determine which peginterferon regimen is the most effective, and how peginterferon will ultimately rank in terms of effectiveness relative to its competitors.
[bookmark: _Ref374629714][bookmark: _Ref374629719][bookmark: _Toc375835862][bookmark: _Toc413843695]Sponsor’s justification for performing a single pivotal efficacy study
The sponsor’s Clinical Overview included a section specifically defending the use of a single pivotal study to demonstrate efficacy of peginterferon. Those comments are quoted verbatim below, with bullet points replaced by numbers for ease of reference.
Data are derived from a large, multicenter study in which multiple measures were implemented to ensure blinding and consistent assessment of the primary endpoint and in which no single investigator enrolled >4% of subjects providing data in the study.
The findings on the primary endpoint are statistically very persuasive, particularly for the every 2 weeks regimen for which the difference versus placebo was significant at a level of <0.001, and are further supported by positive results with all pre-specified sensitivity analyses.
Consistent evidence for efficacy is demonstrated across multiple, distinct measures of efficacy including relapse, progression of disability, and well-accepted MRI biomarkers of disease activity.
Consistent trends for efficacy are demonstrated across important study subgroups including those based on age, gender, baseline disease stage and activity.
Negligible concern for bias related to theoretical unblinding as reflected by
the consistent evidence for efficacy reflected by rigorously assessed clinical endpoints and more objective measures (i.e., annualized relapse rate and disability versus MRI)
consistent effects in subgroups with and without reported treatment-related adverse events (influenza-like symptoms or ISR)
Substantial external biologic plausibility of the findings exists given the well-established efficacy of the interferon class in MS and the nonclinical and healthy volunteer data with BIIB017 demonstrating that BIIB017 has the pharmacologic properties anticipated with such a molecule.
Overall, these arguments are reasonable. They are considered in turn below.
1. The submitted study took reasonable measures to prevent unblinding, but the sponsor did not ask subjects to guess their treatment assignment and it seems very likely that telltale side effects did allow some subjects to deduce that they were on active treatment. The potential effect of such unblinding is lessened by the use of an independent examining neurologist, as well as blinded radiologists.
2. The results for the primary endpoint were highly statistically significant, so minor matching imbalances at baseline or other methodological flaws including unforeseen biases would have had to play an implausibly strong role to produce the observed results.
3. All major endpoints including objective MRI measures were broadly concordant, so potential biases affecting one endpoint would not have had the potential to shift the overall weight of the evidence.
4. Subgroup analysis showed the benefit to be broadly consistent in demographic- and disease-defined subgroups, so baseline mismatches cannot account for the results.
5. Unblinding, even if it occurred, appears not to have played a major role in biasing the results, as suggested by positive findings for objective MRI endpoints as well as a lack of interaction between potentially telltale side effects and efficacy.
6. Finally, the single pivotal efficacy study is concordant with other studies of interferon beta, including nonpegylated interferon beta-1a, producing a reduction in relapse rate very close to that predicted on the basis of previous experience. Also PD studies with peginterferon suggest that, at the proposed dose, it produces a similar induction of neopterin over the course of 4 weeks as the approved dose of Avonex.
Thus, given that peginterferon is not a new class of agent, and behaved as expected in pharmacodynamic studies as well as the pivotal efficacy study, it is reasonable to accept the submission of a single well-controlled study.
The downside of this approach is that other dosing regimens have not been explored. A single study that included a Q1W treatment arm as well as Q2W and Q4W arms would have been more appropriate.
[bookmark: _Toc375835863][bookmark: _Toc413843696]Evaluator’s conclusions on clinical efficacy
The efficacy of peginterferon has been established through a single year of placebo-controlled treatment, with some supportive data gathered from a second year of dose-frequency-blinded treatment in the same study, and further dose-frequency-blinded treatment in an extension study. The placebo-controlled phase of the pivotal study had no substantial methodological flaws, reasonable attempts were made to preserve blinding where possible, and the results were robust enough that they do not appear likely to have arisen from any systemic bias.
Relative to placebo, peginterferon at the proposed dose of 125mcg Q2W was associated with a reduction in annualised relapse rate of 35.6% (p=0.0007), a reduction in the proportion relapsed after one year of 39% (p=0.0003) and a reduction in sustained disability progression of 38% (p=0.0383). With respect to MRI endpoints, peginterferon 125mcg Q2W was associated with a reduction in new or newly enlarged T2 lesions of 67% (p<0.0001), a reduction in Gd-enhancing lesions of 86% (p<0.0001) and a reduction in new T1 hypointensities of 53% (p<0.0001).
The pivotal study also assessed a less frequent dose regimen, 125mcg Q4W, but this regimen was clearly inferior, achieving reductions for most of the endpoints that were intermediate between the placebo and Q2W results. An exception was disability progression, which was reduced by the same extent in each active group. Most Q4W endpoints achieved statistical significance in comparison to placebo, apart from Gd-enhancing lesions and T1 hypointense lesions. All of these endpoints are summarised in the table over the page.
Most tertiary endpoints, including quality-of-life measures, were too insensitive to show a significant benefit.
Subgroup analyses did not reveal any significant reduction in efficacy in groups defined by demographic or disease characteristics, or by the presence or absence of potential telltale side effects that could have led to unblinding.
Rough post hoc calculations with pessimistic imputation suggest that withdrawal bias did not play a major role in producing the positive findings.
The second year of the pivotal study, and the on-going extension study in the same population, are difficult to interpret because they lacked a placebo control. The efficacy data from the second and third year of treatment were generally reassuring, however, in that the relapse rate in the Q2W group continued to stay low, and was similar to that seen in the placebo-controlled first year. Continued treatment with the Q4W regimen did not produce comparable efficacy, and was clearly inferior.
The efficacy of peginterferon 125mcg weekly remains untested, but on pharmacodynamic grounds, appears likely to be more effective than the proposed regimen.
Table 26. Study 301 summary of key efficacy results at 1 Year by treatment group
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[bookmark: _Toc413843697]Clinical safety
[bookmark: _Toc272414659][bookmark: _Toc290846284][bookmark: _Toc375835865][bookmark: _Toc413843698]Studies providing evaluable safety data
[bookmark: _Ref268776745]The following six studies provided evaluable safety data:
Figure 25. Overview of the clinical development program of BIIB017
[image: ]
Pivotal efficacy study (105MS301, n=1512)
In the pivotal efficacy study (Study 301, or 105MS301), the following safety data were collected:
General adverse events (AEs) were recorded during scheduled trial visits or other unscheduled hospital attendances, then characterised by organ system and preferred term.
AEs of particular interest given the known side effect profile of interferon betas were collected and treated to additional analysis; these included flu-like symptoms, fever, myalgia, depression and injection site reactions.
Depression was monitored with the Beck Depression Inventory, version II.
Laboratory tests included standard monitoring of electrolytes, renal function and liver function, as well as antibodies to peginterferon.
This two-year study was placebo-controlled in the first year of treatment, but in the second year placebo subjects were re-randomised to one of the active arms: peginterferon 125mcg Q2W or peginterferon 125mcg Q4W. The placebo-controlled data constitutes the primary safety data pool, whereas second-year data provides long-term supportive data.
Long-term extension study (105MS302, n=1332)
Study 302 (105MS302) was an extension of the pivotal efficacy study, Study 301 (105MS301). Its primary objective was to assess the long-term safety and tolerability of peginterferon. Because it was an extension of the pivotal efficacy study, it is described in the Efficacy section. Safety data from this extension study was not placebo-controlled, and the patient population is merely a subset of the pivotal population already exposed to peginterferon, but the study provides the only long-term safety assessment of subjects treated with peginterferon for more than two years.
The sponsor’s Integrated Safety Analysis refers to two different datasets derived from these two major studies: the “Placebo-Controlled BIIB017 Experience”, which includes the first year of  Study 301, and the “Overall BIIB017 Experience”, which is an integrated analysis of actively treated subjects in Study 301 and Study 302. In both categories, analysis of AEs was based on the principle of treatment emergence: for the placebo-controlled dataset, an AE was considered treatment emergent if it began during the placebo-controlled period (pre-existing conditions were excluded); for the overall dataset, an AE was considered treatment emergent in the “Overall BIIB017 experience” if it began on or after the date of first active dose (that is, not during placebo treatment for the subjects who switched after one year). Safety analyses generally excluded data after subjects switched to alternative MS medications, but AEs that occurred after switching were collected and considered separately.
Table 27. Presentations if the data for the Integrated Safety Analysis
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Other studies
Adverse events were collected in all four of the Phase 1 PK/PD studies. Study 105HV101 (n=60) was merely a single-dose study, but it provided the only chance to compare the tolerability of peginterferon at different doses with an active control, Avonex 30mcg. Study 105HV102 (n=68) was a multi-dose study with a placebo control. Study 105HV103 (n=55) compared two different injection devices, but it is of limited utility as a source of safety data because it lacked a suitable control group. Study 105RI101 (n=35) assessed the PK/PD of peginterferon in subjects with renal impairment, but it was small and only added minimal safety data. Because most of this Phase 1 data was short-term and non-controlled, it provides only basic tolerability data.
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc375835866][bookmark: _Toc413843699]Patient exposure
Exposure to peginterferon is summarised in the tables below. The first table shows the extent of exposure in the placebo-controlled first year of Study 301, whereas the second table shows the experience across the two major studies.
Allowing for the persistence of biological effects for up to two weeks after the last dose, the mean duration of exposure to peginterferon in Year 1 of Study 301 was 44.3 weeks, with a similar duration of exposure between the two dose-frequency groups. The total number of subject-years of placebo-controlled exposure was 429.2 subject-years for the Q4W group and 430.5 subject-years for the Q2W group, and the vast majority of this exposure was to the proposed dose of 125mcg, apart from initial titration with lower doses.
In the overall experience (Studies 301 and 302 pooled), a total of 1468 subjects were exposed to at least 1 dose of peginterferon. The mean time on study was 68.7 weeks and the total exposure was 1934.0 subject-years. Total exposure to the Q4W regimen was 960.5 subject-years and to the Q2W regimen 971.9 subject-years. Overall, 1093 subjects were exposed for ≥48 weeks, and 415 subjects for ≥96 weeks. This represents an adequate overall exposure for the detection of uncommon side effects.
The third table below deals with the Phase 1 program, in which exposure was generally brief. Subjects in the PK/PD study 105HV101 received a single dose of Avonex or peginterferon. In Study 105HV102, subjects received 2-4 injections, depending on dose frequency: subjects in the Q2W group received 4 injections of active peginterferon and subjects in the Q4W group received 2 injections of active peginterferon and two injections of placebo. In Study 105HV103, subjects received one dose of peginterferon by pre-filled syringe and another by auto-injector.
Table 28. Placebo-controlled experience Overall extent of exposure Year 1
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Table 29. Overall extent of experience. Overall BIIB017 experience
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Table 29 continued. Overall extent of experience. Overall BIIB017 experience
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Table 30. Phase 1 Exposure. Extent of exposure to BIIB017 in Phase 1 studies in healthy volunteers in subjects with renal impairment
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[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc375835867][bookmark: _Toc413843700]Adverse events
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc375835868]All adverse events (irrespective of relationship to study treatment)
[bookmark: _Toc375835869]Placebo-controlled experience
Most subjects including placebo recipients had an AE during the first year of treatment, which in many cases simply reflects the occurrence of common ailments in any population studied for a year, but AEs were more common with active treatment (placebo 83%, Q4W 94%, Q2W 94%). The excess incidence of AEs in each active group was 11% (a substantial proportion of the notional 17% left unaffected by the background placebo incidence of AEs).
Severe events were uncommon, but increased with overall dose, occurring in 11% of placebo recipients, 16% of the Q4W group and 18% of the Q2W group. Serious events were actually less common with active treatment, occurring in 15%, 14% and 11% of the placebo, Q4W and Q2W groups, respectively.
The second table below indicates the types of AEs that were reported more commonly with active treatment at the proposed Q2W dose than with placebo, grouped by organ system.  The most common side effects were headache (placebo 33% vs Q2W 44%), myalgia (placebo 6% vs Q2W 19%) arthralgia (placebo 7% vs Q2W 11%),  injection-site erythema (placebo 7% vs Q2W 62%),  influenza-like illness (placebo 13% vs Q2W 47%), pyrexia (placebo 15% vs Q2W 45%), chills (placebo 5% vs Q2W 17%), various other injection-site terms (see table), and abnormal liver function tests (increased ALT, placebo 3% vs Q2W 6%).
The third table below lists AEs that were rated as severe; this reflected the overall incidence of AEs with active treatment, with headaches, flu-like symptoms and injection site reactions featuring most prominently.
Table 31. Summary analysis of adverse events Year 1
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Table 32. Adverse events at least 2% higher in incidence by System Organ Class and Preferred Term for BIIB017 every 2 weeks compared with placebo. Year 1
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Table 32 continued. Adverse events at least 2% higher in incidence by System Organ Class and Preferred Term for BIIB017 every 2 weeks compared with placebo. Year 1
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Table 33. Incidence of adverse events experienced by at least 3 subjects in any treatment group by System Organ Class and Preferred term. Year 1
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Overall, the AEs observed with peginterferon are consistent with those experienced with other forms of interferon beta, and in most cases they represent tolerability issues rather than serious safety concerns.
[bookmark: _Toc375835870]Overall experience
In the overall experience of peginterferon pooled across both major studies, the incidence of AEs was very similar to that seen in the first year of the pivotal study. The table below lists the reported AEs by organ class, showing that infections and nervous system disorders were the most common AEs. This is likely to reflect the high incidence of respiratory infections, urinary infections and headaches in any population studied for years.
Table 34. Incidence of adverse events by System Organ Class-Overall BIIB017 experience
[image: ]
Individual AEs were listed by the sponsor in a 53-page table, which is not reproduced in this report. Instead, the shorter summary table below includes only those AEs that were reported by ≥ 5% of subjects in any dose frequency group. Most of the common AEs were those expected in the general community (such as respiratory infections, urinary infections, headaches and musculoskeletal complaints) or fell within the spectrum of interferon beta side effects already identified in the placebo-controlled dataset (such as flu-like symptoms, fatigue/asthenia and injection-site reactions). Multiple sclerosis relapses were also reported commonly, but are more appropriately considered as an efficacy measure. Depression was reported in 6% of peginterferon recipients in both groups, and elevated ALT was reported in 6% of peginterferon recipients overall (Q4W 5%, Q2W 7%).
Without a placebo control group, it was difficult to know what proportion of these complaints was attributable to active treatment, but the long-term data did not detect new or unexpected side effects.
Table 35. Adverse events by Preferred Term with an incidence of 5% or more in any treatment group. Overall BIIB017 experience
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[bookmark: _Toc375835871]Phase 1 comparison with Avonex
AEs in the Phase 1 study program were generally within the spectrum of expected side effects of interferon beta. The tolerability of different doses of peginterferon, particularly in relation to the active control Avonex, has already been discussed in Sections Single-dose tolerability and Multi-dose tolerability. Essentially, in the Phase 1 study 105HV101 (pError! Bookmark not defined.), single doses of peginterferon 125mcg were tolerated about as well as single doses of Avonex 30mcg whereas peginterferon 188mcg appeared to produce more systemic side effects than either peginterferon 125mcg or Avonex 30mcg, particularly those within the broad spectrum of flu-like symptoms. Peginterferon at a dose of 63mcg produced less systemic side effects than Avonex, but is expected to be an inadequate dose on pharmacodynamic grounds.
Table 36. Treatment emergent adverse events by Preferred term with an incidence f 10% or more.
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[bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303][bookmark: _Toc375835872]Treatment-related adverse events (adverse drug reactions)
In both of the major studies, AEs were characterised by investigators as treatment-related or unrelated. Attribution of a causal link may be difficult in individual cases, so this process does not necessarily provide an accurate indication of which events were truly caused by active treatment, but the overall incidence of treatment-related AEs was higher with peginterferon treatment than with placebo (53% placebo versus 90% in each peginterferon treatment group).
The most commonly reported AEs that were reported as related to treatment were injection-site reactions, flu-like symptoms, and headache.
A similar pattern was observed in the overall experience across both major studies.
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304][bookmark: _Toc375835873]Serious adverse events
[bookmark: _Toc375835874]Placebo-controlled experience
The overall side effect profile of peginterferon was dominated by tolerability issues rather than major safety concerns. This is reflected in the incidence of serious adverse events in the placebo-controlled first year of Study 301, when SAEs slightly less common with active treatment. Unfortunately, this comparison is confounded by SAEs related to “multiple sclerosis relapse” which would be more appropriately considered as an efficacy outcome. Subtracting the incidence of MS-relapse SAEs from the total incidence of SAEs in each group produces an incidence in all treatment groups that is essentially the same (~4%).
The types of SAEs observed in each group were also very similar, and raised no new safety concerns.
Table 37. Incidence of serious adverse events experienced by at least 2 subjects in any treatment group-by System organ Class and Preferred Term.
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[bookmark: _Toc375835875]Overall experience
SAEs in the overall experience across both studies followed a similar pattern as the placebo-controlled experience, except that SAEs were more common as expected for the longer period of monitoring. The most common SAE was MS relapse, and all other SAEs occurred in <1% of subjects in each treatment group. Apart from relapses, the only individual events occurring in more than 2 subjects were urinary tract infection (7 subjects); pneumonia (4); sepsis (4) and falls (3).
SAEs related to the known side effect profile of interferon beta did not occur in more than two subjects, but elevated ALTs and convulsions, both of which are more common in interferon beta recipients, occurred as SAEs in 2 subjects each.
No new safety concerns were raised by this analysis.
Table 38. Incidence of serious adverse events by Preferred Term-Overall BIIB017 experience
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Table 38 continued. Incidence of serious adverse events by Preferred Term-Overall BIIB017 experience
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Table 38 continued. Incidence of serious adverse events by Preferred Term-Overall BIIB017 experience
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[bookmark: _Toc375835876]Deaths
Deaths in Study 301 are listed below. The first year provides a placebo-controlled context, which shows that deaths were uncommon in all groups, but more common in the placebo group than the active groups. No deaths have been reported in Study 302 as of the data cut-off date, and no deaths occurred in the Phase 1 studies.
A review of the individual narratives did not raise particular concerns. Two cases were designated as “related” to study treatment, but this appears to reflect a highly precautionary approach to attribution by individual investigators.
Table 39. Listing of deaths in Study 105MS301 as of 24 October 2012*
[image: ]
*Patient identification numbers and patient details have been removed from table.
[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc375835877]Discontinuation due to adverse events
[bookmark: _Toc375835878]Placebo-controlled experience
Discontinuations due to AEs were more common with active treatment than with placebo, occurring in 5% of each active group in the first year, compared to 1% of placebo recipients. AEs causing withdrawal of at least two subjects in any group are listed below, and reflect the known side effect profile of interferon beta treatment. Suicidal ideation, which had not been a common AE in the overall distribution of AEs, caused withdrawal of 4 peginterferon recipients (two in each dose frequency group) and one placebo recipient. Depression was reported in 3 peginterferon recipients, but the extent of overlap among these cases and those with suicidal ideation is unclear. Depression and suicidal ideation are known side effects of interferon beta treatment – particularly in subjects with pre-existing depression, who may experience an exacerbation on treatment.
Table 40. Incidence of adverse events that led to discontinuation of study treatment experienced by at least 2 subjects in any treatment group-by Preferred Term-Year 1
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[bookmark: _Toc375835879]Overall experience
Discontinuations due to AEs in the overall peginterferon experience followed a similar pattern to that seen in the placebo-controlled first year, and was balanced between the two dose frequency groups (Q4W 5% vs Q2W 6%). AEs leading to treatment discontinuation in ≥4 subjects included influenza-like illness (11 and 8 subjects in the Q4W and Q2W groups, respectively), pyrexia (2 and 6), injection-site erythema (3 and 3), and ALT increased (3 and 1).
[bookmark: _Ref371062278][bookmark: _Toc375835880]Adverse events of special interest
Several AEs are known to occur with interferon beta treatment. These were collated and considered separately from the overall AEs, pooling similar items. These AEs of special interest included: flu-like symptoms (FLS), injection site reactions (ISRs), cardiovascular disorders, hepatic disorders, autoimmune disorders, seizures, depression and suicidal ideation, and hypersensitivity reactions.
Also, because peginterferon is an immunomodulator, the incidences of infections and malignancies were carefully evaluated, though these are not generally increased with other interferon beta treatments.
The incidence of these AEs of interest in the pooled Study 301 and Study 302 experience was similar to that seen in the placebo-controlled dataset, but without a placebo control it was impossible to estimate the extent to which these symptoms were treatment related.
Each of these AEs of interest is discussed separately, below, or in the relevant parts of Section Safety issues with the potential for major regulatory impact. The overall incidence of typical interferon side effects is summarised in the table excerpt below, in comparison to those reported with other interferon beta products and glatiramer acetate. In broad terms, the incidence with peginterferon falls within the expected spectrum, and results are similar across products. One exception is injection site reactions, which are more common with peginterferon and other SC treatments than with Avonex, an IM treatment, as expected given the depth of the injection. Also, major elevations of hepatic enzymes (>5 x ULN) are less common with peginterferon and Avonex than with higher-dose regimens such as Betaferon and Rebif.
Table 41. Comparison of MS disease modifying therapies (continued)
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Flu-like syndrome was assessed under a narrow definition (for which “influenza like illness” was the preferred term) and a broad, inclusive definition (gathering related terms that indicated the cluster of symptoms expected in a flu-like syndrome). By the narrow definition (used in the table above), FLS occurred at a similar incidence in the two peginterferon groups (47% in each), which was considerably higher than in the placebo group (13%). When a broader definition of FLS was used, the incidence of FLS was also higher in both active treatment groups (77% and 78% in the Q4W and Q2W groups, respectively) than the placebo group (33%). Severe FLS (by the broad definition) was reported by 8% and 9% in the Q4W and Q2W groups, respectively, and 1% of subjects in the placebo group.
For the overall experience, the incidence of FLS by the narrow definition was only slightly higher than in the first year (Q4W 50% and Q2W 51%), indicating that those who were likely to experience this side effect had already encountered it in the first year.
As shown in the figure below, this symptom showed only minor abatement with continued use, in terms of prevalence.
Figure 26. Incidence of Flu-like symptoms (narrow definition) by 4 week intervals Year 1
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Injection-site reactions were common during the placebo-controlled experience, and showed a clear excess with active treatment (Q4W 60% and Q2W 66%) compared with the placebo group (11%). The most common AEs grouped as ISRs were injection-site erythema, injection-site pain, and injection-site pruritus. Most ISRs in the placebo-controlled experience were mild or moderate, but severe ISRs were reported by 3% of subjects in each of the active groups, compared to none in the placebo group, and one ISR in a Q2W recipient was reported as an SAE and resulted in discontinuation of study treatment.
In the overall experience, ISRs occurred with a similar incidence (62% and 68% in the Q4W and Q2W groups, respectively) as in the placebo-controlled experience, despite the longer period of monitoring, indicating that this side effect usually appears in the first year in subjects prone to ISRs. The total number of subjects with serious ISRs was 2 subjects (<1%) of 1468 MS subjects treated with peginterferon, compared with none in the placebo group. Both events resolved with medical treatment.
The incidence of ISRs showed no apparent relationship to the presence of neutralizing antibodies (NAbs), binding antibodies (BAbs), or anti-PEG antibodies. [footnoteRef:7]* [7: *The number (%) of subjects with ISRs was, for the Q4W, Q2W and total peginterferon groups, respectively, as follows:
Amongst subjects ever positive for NAbs: Number with an ISR event - 6 (60%) 9 (53%) 15 (56%)
Amongst subjects ever positive for BAbs: Number with an ISR event - 32 (63%) 50 (69%) 82 (67%)
Amongst subjects ever positive for anti-PEG: Number with an ISR event - 61 (62%) 61 (65%) 122 (63%)
This is very similar to the incidence of ISRs in the overall cohort (62% and 68% in the Q4W and Q2W groups, respectively).] 

Infections occurred with a similar incidence across all treatment groups in the placebo-controlled phase (39% placebo versus 37% and 33% in Q4W and Q2W groups, respectively), and the incidence of serious infections was also similar across treatment groups (7 placebo subjects [1%], compared to 5 subjects [1%] and 3 subjects [<1%] in the Q4W and Q2W groups, respectively). The most common serious infections were dengue fever (in India where dengue fever is endemic), pneumonia, and urinary tract infection, and the incidence was similar between the placebo and active treatment  groups.
In the overall experience, the incidence of infections was similar to the placebo-controlled experience (39% and 37% in the Q4W and Q2W groups, respectively).
A search of the reported infectious AEs found no evidence of an increased risk of opportunistic infections. Occasional infections were flagged as potentially opportunistic, but a review of the individual patient narratives generally found that the infection was endemic to the area and known to occur in non-immunocompromised subjects.
Cardiovascular events are discussed in Section Cardiovascular safety. There was no evidence of increased risk with peginterferon.
Hepatic abnormalities are discussed in Section Liver toxicity. The incidence of abnormal liver function tests is also considered in Section Liver function.
Autoimmune disorders were assessed in view of the fact that peginterferon is an immuno-modulatory agent. In the placebo-controlled experience, 4 subjects (<1%) had autoimmune disorders other than MS, but the incidence was highest with placebo (3 subjects in the placebo group and 1 subject in the Q2W group). The 3 events in the placebo group (1 of rheumatoid arthritis, and 2 of autoimmune thyroiditis) were assessed as mild; the 1 event in the peginterferon Q2W group (autoimmune thyroiditis) was assessed as moderate. No events were assessed as severe, and none were classified as SAEs. In the overall experience, 2 subjects in each dose frequency group (<1%) reported an autoimmune disorder. On the basis of this data, the incidence of autoimmune disorders does not appear to be increased by peginterferon.
Hypersensitivity reactions have been reported with protein-based biological therapies, including interferon beta. Peginterferon appears to pose a low risk of hypersensitivity reactions, similar to that seen with other interferon beta therapies. The incidence of hypersensitivity reactions is discussed further in Section Unwanted immunological events.
Malignancy did not appear to be increased above the expected rate in a population of this size. In the placebo-controlled year of treatment, 2 subjects (<1%) were identified as having malignancies: 1 case of cervical cancer in the Q4W group, and 1 case of breast cancer in the Q2W group.  In the overall experience, malignancies were identified in 2 additional subjects, both in the Q4W group (basal cell carcinoma and oral cancer). No firm conclusions can be drawn about the cause of these individual cases, but there is no overall pattern to suggest that peginterferon played a role.
Seizures have been reported as occurring with increased frequency in MS patients, and there appears to be a slightly increased risk with interferon beta treatment. In the placebo-controlled dataset, there were 5 subjects (<1%) who had seizures (1 subject each in the placebo and Q4W groups, and 3 subjects in the Q2W group). All of these subjects had a prior history of seizures. In the overall experience,  9 subjects had seizures (4 in the Q4W groups and 5 in the Q2W group). This evidence is inconclusive but it seems likely that peginterferon carries a low risk of promoting seizures, similar to other interferon beta therapies.
Psychiatric disorders are common in MS patients, particularly depression, which in many cases may be a reaction to loss of health. Patients with MS are also known to have higher suicide rates. Depression and suicidal ideation have been observed at increased rate in MS subjects who are treated with interferon beta, and a history of major depression is often considered a relative contraindication to use of these agents.
Despite this, in the placebo-controlled dataset, the incidence of AEs related to depression and suicidal ideation was similar across all treatment groups including placebo (8% placebo versus 9% and 8% in the Q4W and Q2W groups, respectively). Most of these events were rated as mild or moderate; severe events were reported infrequently, but potentially showed a dose-trend: 1 subject (<1%) in the placebo group, 1 subject (<1%) in the Q4W group, and 3 subjects (<1%) in the Q2W group had a severe event. SAEs related to depression were evenly spread across the groups: 1 subject (<1%) in the placebo group (suicidal ideation), 1 subject (<1%) in the Q4W 4 weeks group (suicidal ideation), and 1 subject (<1%) in the Q2W group (depression).
In the overall experience, the incidence of depression and related AEs was 10% and 9% in the Q4W and Q2W groups, respectively.
No suicides were reported in either study.
The sponsor also performed additional safety monitoring for this group of side effects, using a previously validated assessment tool (the Beck Depression Inventory-II, or BDI-II) to detect depressive symptoms in subjects in the pivotal study. The incidence of high scores consistent (>18) with depression, suicidal tendency, and suicide attempt was similar across all 3 treatment groups in the placebo-controlled first year (31% placebo versus 28% and 27% in the Q4W and Q2W groups, respectively). The scores also remained stable over time. (Mean BDI-II scores at Week 12, 24, and 48 were 10.0, 10.1, and 10.2, respectively, in the placebo group; 10.0, 9.4, 9.6, and 9.2 in the Q4W group; and 10.3, 9.7, 9.4, and 9.4 in the Q2W group). Across both studies, the incidence of high scores on the BDI-II (score >18) was similar to the first year results (30% in each dose frequency group).
Overall, this data is reassuring, and suggests that the risk of depression and suicidality is no worse with peginterferon than with other interferon betas. In fact, there is currently no clear evidence that the risk of depression with peginterferon is worse than the risk with placebo. Based on the previous experience with other agents, however, a cautious approach is recommended and it is appropriate for the Product Information sheet to carry warnings about the risk of increased depression in susceptible subjects.
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306][bookmark: _Toc375835881][bookmark: _Toc413843701]Laboratory tests
[bookmark: _Toc272414669][bookmark: _Toc290846307][bookmark: _Ref371000374][bookmark: _Ref371000378][bookmark: _Toc375835882]Liver function
[bookmark: _Toc375835883]Placebo-controlled experience
Abnormal liver function tests (LFTs) are known to be more common with interferon beta treatment, and the placebo-controlled dataset confirmed that this effect is also a feature of peginterferon treatment. A review of the mean ALT levels indicates that the overall population of peginterferon recipients showed an elevation in ALT, which became more prominent over the first 6-12 weeks of treatment, followed by a decline. The mean level stayed below the upper limit of normal, but this does not reflect the spread of values.
Figure 27. Blood chemistry parameters – Mean values (±SE) Over time-Year 1
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The incidence of elevated ALT (greater than the upper limit of normal, but not necessarily clinically significant) was 26% in the placebo group, compared to 35% in the Q4W group and 50% in the Q2W group.  More substantial elevations of ALT and AST were also more common with active treatment, as shown in the table below.
Of the subjects with ALT or AST ≥3 ×ULN, 1 subject also had concurrent elevation of total bilirubin >2 × ULN, which is usually considered a clinically serious indicator of a potential hepatic drug reaction. This subject was admitted to hospital with hepatic failure, which was ultimately attributed to corticosteroids and recurred some months later on re-exposing the patient to steroids in the setting of an MS relapse.
Table 42. Summary of post-baseline ALT and AST values by treatment group. Year 1 Study 301
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[bookmark: _Toc375835884]Overall experience
In the overall experience across both major studies, the incidence of abnormal LFTs increased further still, reflecting the increased period of monitoring, but the incidence of severely elevated ALT (>3 x ULN) was 6%, similar to that observed in the first year of Study 301. In addition to the case already discussed (hepatic failure attributed to corticosteroids), one new case of concurrent elevation of ALT and AST ≥3 × ULN and total bilirubin >2 × ULN occurred. This subject was receiving peginterferon in the Q2W group, and developed an SAE of asymptomatic increased ALT, AST and bilirubin which was attributed to peginterferon and resolved on stopping treatment.
The incidence of abnormal LFTS across both major studies is summarised in the table below.
The overall incidence of hepatic disorders, combining clinical AEs with abnormal LFTs, is discussed further in Section Liver toxicity. The conclusion to be drawn from this evidence is that peginterferon, like other interferon beta therapies, can cause hepatic abnormalities that in most cases are mild but can occasionally be clinically serious. These appear to resolve upon cessation of peginterferon in the cases observed so far.
Table 43. Summary of maximum post-baseline values-Liver enzymes (ALT, AST and total bilirubin)-Overall BIIB017 experience
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Table 43 continued. Summary of maximum post-baseline values-Liver enzymes (ALT, AST and total bilirubin)-Overall BIIB017 experience
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[bookmark: _Toc272414670][bookmark: _Toc290846308][bookmark: _Toc375835885]Kidney function and other clinical chemistry
[bookmark: _Toc375835886]Placebo-controlled experience
Experience with other interferon betas has not revealed any risk of renal toxicity or electrolyte disturbances, and monitoring in the major peginterferon studies suggests that peginterferon is similar to other interferon beta therapies in that regard.
In the placebo-controlled dataset, the proportion of subjects with shifts to abnormal values in urea or creatinine was small (≤4%), and similar for the placebo and active groups, as shown in the table below. Also, there were no SAEs or discontinuations associated with elevated urea or creatinine.
Table 44. Summary of shifts from baseline-Kidney function and other blood chemistry Year 1
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Thyroid abnormalities have been reported with interferon beta therapy, but shifts in TSH to low or high values were only slightly more common with active treatment than with placebo, as shown in the table above.
[bookmark: _Toc375835887]Overall experience
In the overall peginterferon experience, the incidence of shifts in biochemical parameters was slightly higher, reflecting the longer monitoring period, but there were no concerning trends.
Table 45. Summary of shifts from baseline-Kidney function and other blood chemistry-Overall BIIB017 experience-Data after subjects switched to alternative MS medication are included
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[bookmark: _Toc272414672][bookmark: _Toc290846310][bookmark: _Ref371062429][bookmark: _Ref371062432][bookmark: _Toc375835888]Haematology
[bookmark: _Toc375835889]Placebo-controlled experience
Interferon therapy has been associated with asymptomatic declines in cell counts, and the data suggests that this also occurs with peginterferon. Changes from baseline in mean white blood cell (WBC) counts were observed over the 48 weeks treatment, with an apparent dose trend suggesting greater decreases in the Q2W group, as shown in the figure below. At Week 48, the mean WBC values were 6.967 × 109 cells/L in the placebo group, 6.322 × 109 cells/L in the Q4W group and 5.874 × 109 cells/L in the Q2W group; this is equivalent to a mean percentage decrease from baseline of ~3% in the Q4W group and ~ 10% in the Q2W group, compared with the placebo group. Similar changes were observed in the mean lymphocyte and neutrophil counts.
Figure 28. Haematology parameters-Mean values (±SE) Over time-Year 1
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The tables below summarise the incidence of abnormal haematology results, or shifts from normal to abnormal. The first table only deals with extremely low counts, and patient numbers are therefore low, whereas the subsequent table looks at a broader range of abnormalities including elevations in counts, and the numbers affected are therefore higher. The most marked difference between the active and placebo groups is in the incidence of WBC counts <3x109/L, which were seen in 1% of placebo recipients, compared to  4% and 7% in the Q4W and Q2W groups, respectively. Lymphocyte and neutrophil counts both tended to be lower in the active groups, but lymphocyte counts <0.5 x109/L and neutrophil counts <1 x109/L were uncommon (<1%). Red cell parameters did not show a substantial change with treatment or difference between groups, but there were small dose-related decreases from baseline in mean in RBC count, haemoglobin, haematocrit, and platelets for peginterferon-treated subjects between Weeks 2 and 48, compared with placebo, and a slight excess of shifts to low for red cell and platelet indices, as shown in the tables below.
There were no SAEs and no AEs leading to discontinuation associated with abnormal RBC counts during Study 301, and no AEs leading to discontinuation or study withdrawal associated with low haemoglobin. One SAE of low haemoglobin was reported, but considered unrelated to peginterferon treatment; this subject had a prior history of iron deficiency anaemia.
There was one SAE of severe thrombocytopenia and one AE of thrombocytopenia that led to the discontinuation of peginterferon. The SAE was characterised by a platelet count of 8 x 109/L, which was treated with a platelet transfusion and recovered without sequelae after peginterferon ws ceased, but which was considered related to treatment.
Table 46. Summary of potentially clinically significant laboratory abnormalities in WBC, platelets and TBC during Year 1
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Table 47. Potentially clinically significant hematology laboratory abnormalities Year 1
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Table 48. Summary of shifts from baseline Hematology Year 1
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[bookmark: _Toc375835890]Overall experience
Haematology monitoring in the overall pooled dataset showed similar changes as had been observed in the placebo-controlled first year. At Week 108, mean decreases in WBC counts were approximately 5% and 9%, in the Q4W and Q2W groups, respectively. After that subject numbers were too low for meaningful analysis.
Potentially clinically significant abnormalities and shifts in haematology parameters are listed in the tables below. These broadly follow the pattern observed in the placebo-controlled dataset, with a tendency for WBC, lymphocyte and neutrophil counts to shift to lower values.
Table 48. Potentially clinically significant hematology laboratory abnormalities-Overall BIIB017 experience
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Table 49. Summary of shifts from baseline-Hematology-Overall BIIB017 experience
[image: ]
[bookmark: _Toc272414673][bookmark: _Toc290846311][bookmark: _Toc375835891]Immunogenicity
Most interferon beta therapies are associated with the development of anti-interferon antibodies in some subjects, the clinical significance of which is often debated. Antibodies are usually subdivided into binding antibodies (BAbs), which bind the interferon protein without necessarily interfering with its biological function, and neutralising antibodies (NAbs), which bind to functionally important sites and neutralise the function of interferon as assessed with in vitro functional assays. There is already some evidence in the literature that, for non-pegylated interferon therapies, both side effects and efficacy may be reduced by neutralising antibodies (Kappos et al, 2005)[footnoteRef:8]*. Pegylated therapies may also induce anti-PEG antibodies directed against the PEG moiety, and even at baseline some individuals have pre-existing anti-PEG antibodies that appear to have been induced by environmental or dietary antigens; PEG is a common additive in food products and in many over-the-counter medicines. In Study 301, baseline positivity for anti-PEG antibodies ranged from 8% (39/500) in the placebo group to 5% (52/1012) in the combined peginterferon groups. [8: *Neurology. 2005 Jul 12;65(1):40-7.Neutralizing antibodies and efficacy of interferon beta-1a: a 4-year controlled study. Kappos L, Clanet M, Sandberg-Wollheim M, Radue EW, Hartung HP, Hohlfeld R, Xu J, Bennett D, Sandrock A, Goelz S; European Interferon Beta-1a IM Dose-Comparison Study Investigators.] 

Although the development of NAbs is an unwanted side effect, and hence considered here as a safety issue, the primary concern with NAbs is that they might compromise efficacy by blocking the biological effect of the injected treatment. The efficacy implications of NAbs were discussed in Section Effects of antibodies to peginterferon; the data is inconclusive because of the rarity of persistent NAbs but there is currently no strong evidence that peginterferon efficacy is compromised in subjects with NAbs. With regards to safety, there was no evidence that any antibodies to interferon (NAbs, BAbs or anti-PEG Abs) increased the risk of adverse events, including hypersensitivity reactions. The incidence of AEs in subjects with positive anti-interferon antibodies (including transiently positive Abs) was 86% (18 of 21 subjects), 96% (25 of 26 subjects) and 83% (44 of 53) subjects in the placebo, Q4W and Q2W groups, respectively. This incidence is similar to that seen in the overall cohort. Similarly, in the individual categories of BAbs, NAbs and anti-PEG Abs, the incidence of AEs was broadly consistent with the overall experience. The incidence of AEs in subjects ever positive for BAbs was 21 subjects (84%), 27 subjects (96%), and 45 subjects (83%) in the placebo, Q4W and Q2W groups, respectively.  The incidence of AEs in those ever positive for NAbs was 4 subjects (57%), 4 subjects (100%), and 8 subjects (67%) in the placebo, Q4W and Q2W groups, respectively, with comparison rendered difficult by the low numbers affected. The incidence of AEs in subjects with ever positive anti-PEG antibodies was 43 subjects (68%), 68 subjects (97%), and 53 subjects (95%) in the placebo, Q4W and Q2W groups, respectively.
This is generally reassuring. Furthermore, the immunogenicity of peginterferon appears low compared to other commercially available interferon beta therapies (peginterferon ~1%; Avonex 5%; Betaferon 45%; Rebif 24%), so peginterferon does not seem to pose new risks related to immunogenicity.
The tables below summarise the incidence of antibodies in each of these three categories, NAbs, BAbs, and anti-PEG Abs. The incidence of NAbs was low, with only 1 subject of 979 showing persistent NAbs during the placebo-controlled first year of treatment, and 5 subjects of 1360 showing persistent NAbs in the pooled experience. BAbs and anti-PEG Abs were more common, but are not known to have significant clinical consequences.
[bookmark: _Toc375835892]Placebo-controlled experience
Table 50. Incidence of positive antibody tests by subgroups Category Year 1
[image: ]
[bookmark: _Toc375835893]Overall experience
Table 51. Incidence of positive antibody test by sub-category-Overall BIIB017 experience
[image: ]
[bookmark: _Toc375835894]Urinalysis
As shown in the tables below, shifts in urinalysis parameters were reasonably common in all treatment groups, including the placebo group, and there was no excess of shifts in the active groups. Interferon beta therapies are not known to affect urinalysis parameters, and this data suggests that peginterferon does not pose any significant risks that might be detected on urinalysis.
[bookmark: _Toc375835895]Placebo-controlled experience
Table 52. Summary of shifts from baseline-Urinalysis Year 1
[image: ]
[bookmark: _Toc375835896]Overall experience
Table 53. Summary of shifts from baseline-Urinalysis -Overall BIB017 experience
[image: ]
[bookmark: _Toc272414675][bookmark: _Toc290846313][bookmark: _Toc375835897]Electrocardiograph
Abnormal electrocardiographs (ECGs) were reasonably common in the study population, including the placebo group, but there was no excess of shifts to abnormal seen in the active groups. With the longer follow-up provided in the overall pooled analysis of Studies 301 and 302, the incidence of abnormal ECGs increased only slightly, and remained similar in the two dose frequency groups.
[bookmark: _Toc375835898]Placebo-controlled experience
Table 54. Summary of shifts in ECG results Year 1
[image: ]
[bookmark: _Toc375835899]Overall experience
Table 55. Summary of shifts in ECG results-Overall BIIB017 experience
[image: ]
[bookmark: _Toc272414676][bookmark: _Toc290846314][bookmark: _Toc375835900]Vital signs
There was no evidence that peginterferon has an effect on vital signs. In the placebo-controlled experience, mean values for blood pressure, pulse rate and temperature remained within normal ranges throughout the study, with no important differences between the placebo and active treatment groups. At Week 48, the mean systolic/diastolic blood pressure was 118.9/75.8 mmHg in the placebo group versus 118.9/75.8 and 119.1/76.2 mmHg in the Q4W and Q2W groups, respectively. The mean pulse rate was 74.0 bpm in the placebo group versus 74.2 and 73.8 bpm in the Q4W and Q2W groups, respectively. The mean body temperature was 36.51°C in the placebo group versus 36.54°C and 36.48°C in the Q4W and Q2W groups, respectively. Similarly, no differences emerged between the dose frequency groups in the overall pooled experience.
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc375835901][bookmark: _Toc413843702]Post-marketing experience
At the time of submission, peginterferon is an investigational product that has not been marketed in any countries, so there is no post-marketing experience with the pegylated form of interferon beta-1a.
On the other hand, there is extensive experience with non-pegylated forms of interferon beta. The known side effect profile of interferon beta includes flu-like symptoms, injection site reactions, mood changes, abnormalities of liver function, and reductions in white blood cell counts, all of which are considered in Section Adverse events of special interest. Overall, peginterferon appears to have a safety and tolerability profile that is consistent with the profile expected from the pivotal studies and post-marketing experience of other interferon beta therapies.
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Ref371001908][bookmark: _Ref371001915][bookmark: _Ref371001919][bookmark: _Toc375835902][bookmark: _Toc413843703]Safety issues with the potential for major regulatory impact
[bookmark: _Toc272414681][bookmark: _Toc290846319][bookmark: _Ref371008435][bookmark: _Ref371008442][bookmark: _Ref375673027][bookmark: _Ref375673030][bookmark: _Toc375835903]Liver toxicity
Hepatic abnormalities are known to be increased by interferon beta treatment. In the placebo-controlled experience, the incidence of hepatic disorders was low, but increased in the active groups (2 subjects in the placebo group and 4 subjects in each of the peginterferon groups), as indicated below. The incidence of abnormal liver function tests was considered in Section 7.4.1 (p96).
Table 56. Incidence of hepatic disorders by System organ Class and Preferred Term Year 1
[image: ]
In the overall experience, the incidence of hepatic disorders was higher, consistent with the increased duration of monitoring. The incidence was similar between the two dose frequency groups (5 and 6 subjects [<1%] in the Q4W and Q2W groups, respectively). Hepatic pain was the most common disorder (2 and 3 subjects in Q4W and Q2W groups, respectively).
A list of all hepatic AEs leading to discontinuation in Study 301 is tabulated below; there were no discontinuations due to hepatic AEs in Study 302.
The most significant hepatic event was an episode of acute hepatic failure thought not to be related to study treatment. The subject developed liver failure in the setting of corticosteroid treatment, recovered, and then months later had another episode when corticosteroids were used to treat another MS relapse. An independent liver specialist assessed the liver failure as being due to the corticosteroids.
Table 57. List of adverse events that led to discontinuation of study treatment or study withdrawal associated with hepatic disorders and elevated liver enzymes.
[image: ]
*Patient identification numbers have been removed from table.
The draft PI contains the following warning, which fairly summarises this data:
“Hepatic injury, including elevated serum hepatic transaminase levels, hepatitis, and autoimmune hepatitis, and rare cases of severe hepatic failure, has been reported with interferon beta. Elevations in hepatic enzymes and hepatic injury have been observed with the use of PLEGRIDY. Patients should be monitored for signs of hepatic injury.”
[bookmark: _Toc272414682][bookmark: _Toc290846320][bookmark: _Toc375835904]Haematological toxicity
As discussed in Section Haematology, peginterferon treatment was associated with a decline in mean white blood cell counts across the active groups, and an increased incidence of shifts to low WBC, lymphocyte and neutrophil counts. There were also minor declines in mean red blood cell counts and platelet counts. Abnormal counts did not usually lead to withdrawal (white cells, no withdrawals; red cells, no withdrawals; platelets, n=2). All subjects recovered without sequelae.
The incidence of haematological abnormalities was low, and there is no evidence of permanent bone marrow suppression in the safety experience so far, but caution is advised when administering peginterferon. Routine haematological monitoring at baseline and after commencing the drug could be useful to detect abnormal counts, and the drug should be used with particular caution in those with a history of abnormal counts.
The proposed PI contains the following warning, which is appropriate:
“Decreased peripheral blood counts in all cell lines, including rare pancytopenia and severe thrombocytopenia, have been reported in patients receiving interferon beta. Cytopenias, including rare severe neutropenia and thrombocytopenia, have been observed in patients treated with PLEGRIDY. Patients should be monitored for symptoms or signs of decreased peripheral blood counts.”
[bookmark: _Toc272414683][bookmark: _Toc290846321][bookmark: _Toc375835905]Serious skin reactions
Not counting injection-site reactions, which have already been considered, dermatological reactions to peginterferon were uncommon. AEs in the body system “skin and subcutaneous tissue disorders” occurred in 9% of the placebo group and 15% of the Q2W group, with pruritus as the only individual AE that was at least 2% more common with Q2W treatment (4%) than with placebo (1%).
Rash was reported in 6 subjects (1%) in the Q2W group of the placebo-controlled dataset, but was not rated as severe in any subject. Erythema was reported in 8 subjects (2%), and was again not rated as severe in any subject. All other dermatological AEs occurred in <1% of the Q2W group.  Results in the Q4W group were similar (pruritus 2%, rash 1%, erythema <1%).
Amongst SAEs in the overall experience of peginterferon, rash did not appear as a preferred term, but two subjects in the Q2W group had angioedema.
Overall, peginterferon appears to be associated with a relatively low incidence of serious skin reactions.
[bookmark: _Toc272414684][bookmark: _Toc290846322][bookmark: _Ref375672991][bookmark: _Ref375672994][bookmark: _Toc375835906]Cardiovascular safety
Cardiovascular events were assessed by the sponsor as an AE of special interest, because of isolated reports of a potential link with interferon beta therapy. Generally, interferon beta is not considered to pose a significant cardiovascular risk. In the placebo-controlled experience, the incidence of cardiovascular AEs was similar between the active and placebo groups (7% placebo versus 9% Q4W and 7% Q2W). Individual cardiovascular AEs reported by ≥2 subjects included syncope, loss of consciousness, tachycardia, palpitations, angina pectoris, sinus bradycardia, right bundle branch block, arrhythmia, chest pain, abnormal ECGs. Most the cardiovascular AEs were assessed as mild or moderate; the only severe AE (one subject with chest pain) was reported in the placebo group.
In the overall experience, the incidence of cardiovascular AEs was similar between dose frequency groups (10% and 9% in the Q4W and Q2W groups, respectively).
[bookmark: _Toc241374323][bookmark: _Toc272414685][bookmark: _Toc290846323][bookmark: _Ref375673090][bookmark: _Ref375673095][bookmark: _Toc375835907]Unwanted immunological events
Hypersensitivity reactions have been reported with protein-based biological therapies, including interferon beta. Peginterferon appears to pose a low risk of hypersensitivity reactions, similar to that seen with other interferon beta therapies.
In the placebo-controlled dataset, the incidence of hypersensitivity events was similar between treatment groups (14%, 13% and 16% in the placebo, Q4W and Q2W groups, respectively). The most common AEs potentially linked to hypersensitivity were cough (6%, 5% and 4% in the placebo, Q4W and Q2W groups, respectively), and pruritus (1%, 2% and 4% in the placebo, Q4W and Q2W groups, respectively).
Most hypersensitivity AEs were rated as mild or moderate; severe AEs were reported in 2 subjects in the placebo group (<1%), 3 in the Q4W group (<1%), and 4 subjects in the Q2W group (<1%).
In the placebo-controlled dataset, there were 3 hypersensitivity SAEs in the active groups, and none in the placebo group. One SAE (asthma) was reported in 1 subject in the Q4W group, and 2 SAEs (anaphylactic reaction and hypersensitivity) were reported in the Q2W group. None of these events was considered related to treatment, and none were associated with the presence of antibodies to the interferon or the mPEG moiety of peginterferon. Two of these events had alternative potential causes: the asthma case occurred in a patient with pre-existing asthma who did not develop asthma following a subsequent rechallenge with peginterferon; the anaphylactic reaction appeared to be secondary to MRI contrast in a patient with known allergy to MRI contrast agents). In the third case, the event was entered as an SAE of “hypersensitivity” but was not diagnosed as an allergic reaction by the dermatologists who evaluated the patient; furthermore, it resolved with continued peginterferon treatment.
In the overall experience, there were 4 additional SAEs in the hypersensitivity category (shock, angioedema, angioneurotic edema, and urticaria). The case of shock appeared to be related to sepsis, and not to study treatment, but the 3 other cases appeared to be related to peginterferon. All resolved with standard medical treatment.
The incidence of hypersensitivity reactions did not appear to be increased in subjects with antibodies. The number of subjects with hypersensitivity events was 18% and 22% in the Q4W and Q2W groups, respectively, amongst those with positive BAbs at any time-point, compared to 14% and 16%, respectively, in subjects that never had BAbs.
Overall, the incidence of hypersensitivity reactions with peginterferon appears to be low, and hypersensitivity events observed so far have all resolved without serious sequelae. As a protein-based agent, peginterferon should be used with the usual caution.
[bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290846324][bookmark: _Toc375835908][bookmark: _Toc413843704]Other safety issues
[bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290846325][bookmark: _Toc375835909]Safety in special populations
There was no evidence that the AE profile varied according to demographic characteristics. An important limitation of the safety database was that it did not include paediatric subjects or elderly subjects. Peginterferon is not currently being proposed for use in paediatric settings, where MS is rare. It should be used with caution in older subjects.
Given the side effect profile that peginterferon appears to share with other interferon beta therapies, particular care should be used in subjects at heightened risk for those side effects. Peginterferon should be used with caution, or not at all, in subjects with a history of mood disorders, abnormal liver function, and low white cell counts.
Given that interferon therapy has also been associated with an increased risk of seizures, spasm and fatigue in MS subjects, patients with high levels of those symptoms at baseline should be warned that such symptoms might increase further with peginterferon treatment, and other disease-modifying agents might be more suitable.
[bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290846326][bookmark: _Ref370746196][bookmark: _Toc375835910]Safety related to drug-drug interactions and other interactions
The incidence of AEs did not show any apparent relationship to concomitant drug use, except that the AE of MS relapse was much more common in subjects who used intravenous steroids than in subjects who did not use steroids; this is expected given that the steroids were used to treat the MS relapse in nearly every case.
The incidence of AEs did not appear to be affected by prior MS therapies, but the number of patients who had received previous disease-modifying therapy was too low to draw any definitive conclusions.
[bookmark: _Toc375835911][bookmark: _Toc272414689][bookmark: _Toc290846327]Safety and tolerability according to dose frequency
The Phase 1 study program provided evidence that the single-dose tolerability of peginterferon 125mcg IM or SC was intermediate between the tolerability of 63mcg and 188mcg, and similar to the tolerability of the standard dose of Avonex 30mcg (see Section 5.4, p37). In Phase 3 studies, 125mcg was the only dose assessed, so the long-term safety of other doses is unclear. The two Phase 3 studies do allow comparison of two different dose frequencies, however, 125mcg Q2W and Q4W. Pharmacodynamic considerations suggest that the biological effects of the Q4W dose should be less than the Q2W dose, and the efficacy data shows that Q4W is less effective in the treatment of MS.
It might be expected, then, that tolerability of this dose could be better than with Q2W, but this is not readily apparent in the data. The figure below shows the risk differences (and 95% CI) per 1000 patients treated for one year. In most cases, the differences were slight and the 95%CI extended similarly across both sides of the no-difference line. Decreased white cell counts were the exception, where a strong trend was demonstrated for less risk with infrequent dosing.
An obvious consideration not captured by this analysis, but likely to be important to patients, is that many symptoms, including injection-site reactions and flu-like symptoms, are related to the time of the injection, being most prominent in the 1-2 days post-dose. Thus, Q4W dosing might be just as likely to produce flu-like symptoms after each dose as Q2W dosing, but this would happen only once per four-week cycle, instead of twice as expected with the proposed Q2W dose. (Conversely, weekly dosing with 125mcg might be expected to produce more bouts of flu-like symptoms per month that the proposed dose. The increased frequency of dose-related side effects could offset some of the hypothesised benefits of this untested regimen.)
Figure 29. Overall assessment (Risk differences and 95%CI per 1000 patients treated for 1 Year) comparison of BIIB017 125 µg every 2 weeks versus BIIB017 125 µg every 4 weeks
[image: ]
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Ref371077691][bookmark: _Ref371077694][bookmark: _Toc375835912][bookmark: _Toc413843705]Evaluator’s overall conclusions on clinical safety
The safety of peginterferon has been adequately studied in the Phase 3 program, with an overall exposure of 1932 patient-years in 1468 patients.
The evidence suggests that the safety and tolerability of peginterferon is similar to other interferon beta products. Most of the adverse events observed in the safety database relate to tolerability, rather than to severe health risks. The main tolerability issues are flu-like symptoms and injection-site reactions. Another issue is a tendency for peginterferon recipients to have asymptomatic abnormalities on blood tests, including reduced white cell counts and elevated liver enzymes.
More serious toxicity was rare, but isolated case of severe injection site reactions, hypersenstitivity reactions, or haematological disturbances were observed, including one case of severe thrombocytopaenia and one of severe neutropaenia, both of which resolved on cessation of treatment. The incidence of serious hypersensitivity events was <1%, and all serious hypersensitivity reactions resolved with discontinuation of peginterferon and standard medical treatment; none were associated with hypotension. A single case of anaphylaxis was likely to be due to an allergy to MRI contrast. Reduced white cell counts were not associated with an increased risk of infection. Combined elevations of ALT and AST >3 × ULN and total bilirubin >2 × ULN were very uncommon, and were reported in only 2 of 1468 peginterferon -treated subjects – one of these case was more likely to be attributable to steroids, and the other was asymptomatic and resolved on discontinuation of peginterferon.
Treatment with peginterferon was not associated with an increased incidence of cardiovascular events, depression and suicidal ideation, malignancy, infections, seizures, or autoimmune disorders compared with placebo. Based on previous experience with interferon beta, however, it is expected that more extensive use of peginterferon might eventually reveal an increased risk of depression, seizures, spasms and fatigue.
Most side effects were equally prevalent with the Q2W and Q4W regimen, but injection-related symptoms would clearly occur less frequently with less frequent injections. There was a trend suggesting that white cell counts were less likely to be depressed by the Q4W regimen.
Peginterferon had low immunogenicity, and the incidence of hypersensitivity reactions and other AEs was not affected by the presence of antibodies (NAbs, BAbs or anti-PEG Abs).
In conclusion, the safety and tolerability of peginterferon is acceptable, and similar to other agents in its class. Furthermore, the description of adverse effects in the draft PI appears to be consistent with the submitted data.
[bookmark: _Toc413843706]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc375835914][bookmark: _Toc413843707]First round assessment of benefits
The benefits of peginterferon in the proposed usage are:
a reduction in annualised relapse rate of 35.6% (p=0.0007);
a reduction in the proportion relapsed after one year of 39% (p=0.0003);
a reduction in sustained disability progression of 38% (p=0.0383).;
a reduction in new or newly enlarged T2 lesions of 67% (p<0.0001);
a reduction in Gd-enhancing lesions of 86% (p<0.0001);
a reduction in new T1 hypointensities of 53% (p<0.0001).
This represents similar efficacy to that provided by existing interferon beta treatments, but with the advantage of only needing 2 injections per four week cycle, compared to 4 with Avonex, 12 with Rebif, or 14 with Betaferon.
[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc375835915][bookmark: _Toc413843708]First round assessment of risks
The main risks of peginterferon in the proposed usage are:
flu-like symptoms
injection-site reactions
elevated liver enzymes
reduced white cell counts
A more complete discussion of safety issues can be found in Section Evaluator’s overall conclusions on clinical safety.
Overall, these risks are comparable to those that subjects would face with competing interferon beta products, so that there is no definite increase in risk when using peginterferon in place of another agent from its class.
[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290846333][bookmark: _Toc375835916][bookmark: _Toc413843709]First round assessment of benefit-risk balance
The benefit-risk balance of peginterferon, given the proposed usage, is favourable, and appears to be similar to other agents in its class. Compared to other interferon beta preparations, peginterferon offers the potential advantage of less frequent injections for broadly similar overall benefit, though it is not possible to compare agents in the absence of head-to-head studies.
The sponsor has not adequately confirmed that the proposed regimen is the optimal regimen, and it seems at least possible that weekly treatment with the same dose would offer a more favourable benefit-risk balance – that it would be more effective than two-weekly treatment, with no major change in safety. Firstly, the submitted pharmacodynamic studies suggest that the biological effects of peginterferon wane after about 10 days, leaving a gap of about 4 days prior to the next dose in which the patient does not experience any effective immunomodulation. Secondly, the sponsor did not perform any Phase 2 dose-finding studies that could have explored the efficacy of more frequent dosing, so the efficacy of a weekly regimen is completely untested. Thirdly, the literature on non-pegylated interferon beta suggests that more frequent dosing is generally more effective – that pulsatile regimens, which allow biomarkers to fall between doses, are less effective than more frequent regimens, which maintain elevation of biomarkers. Thus, it is expected that peginterferon Q2W would be less effective than other interferon betas with more frequent dosing.
[bookmark: _Toc413843710]First round recommendation regarding authorisation
Recommendations regarding authorisation depend on policy considerations. If it is considered that the sponsor’s obligation is merely to demonstrate that peginterferon has acceptable safety and is more effective than placebo, then the submitted evidence is sufficient to support the application. If the sponsor is considered to have an obligation to find the most effective regimen, with the best trade-off between efficacy and tolerability, it appears that they have not fully discharged that obligation.
In general, marketing applications to the TGA are approved if the proposed regimen is safe and more effective than placebo. On this basis, approval is recommended in this report, but it would also be reasonable to reject the Sponsor’s application until the efficacy of peginterferon 125mcg weekly has been assessed.
Peginterferon should be authorised for use at a dose of 125mcg two-weekly, for the prevention of relapses in subjects with relapsing and remitting multiple sclerosis.
The sponsor should be encouraged to explore the efficacy and safety of more frequent dosing regimens.
[bookmark: _Toc413843711]Clinical questions
[bookmark: _Toc413843712]Pharmacokinetics
No questions.
[bookmark: _Toc413843713]Pharmacodynamics
Most PD studies assessed biomarkers only sparsely between 7 and 14 days post-dose. As a result, the proportion of subjects with clinically meaningful elevation of biomarkers in the last few days of the proposed two-week dose cycle is unclear.
This raises four closely related questions:
7. What levels of neopterin are consistent with a clinically meaningful response to immunomodulation with interferon beta?
8. What levels of neopterin are associated with the optimal clinical response to immunomodulation with interferon beta?
9. With the proposed dosing regimen, what proportion of subjects have clinically meaningful elevations of neopterin throughout the proposed two-week cycle?
10. With the proposed dosing regimen, what proportion of subjects have optimal elevations of neopterin throughout the proposed two-week cycle?
[bookmark: _Toc413843714]Efficacy
11. Why was no attempt made to assess the efficacy of peginterferon 125mcg once-weekly?
12. Does the sponsor concede that previous published experience with non-pegylated interferons suggests that, in general, greater efficacy is achieved with more frequent dosing?
13. It would be of interest to report the adjusted ARR results in a post hoc analysis in which Gd+ status was included in the binomial regression model, but such an analysis would carry less weight than the prospectively defined primary analysis.
[bookmark: _Toc413843715]Safety
No questions.
[bookmark: _Toc413843716]Second round evaluation of clinical data submitted in response to questions
The clinical evaluator asked questions regarding the pharmacodynamics of peginterferon beta-1a. While these questions are of interest responses are unlikely to alter the decision on registration of peginterferon beta-1a. For this reason a second round evaluation was not requested.[footnoteRef:9] [9:  Text copied from Delegate’s Overview.] 
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Table 255:  Summary Of Shifts From Baseline — Urinalysis — Overall BIIB017 Expereince

Summary of shifts from baseline - urinalysis - Overall BITBO17 experience

BIIBO17 125 (mcg) SC

Every 4 weeks Every 2 weeks
Laboratory
Parameters Shift to Low (a) Shift to High/Pos (b) Shift to Low (a)  Shift to High/Pos (b)
Urine Specific Gravity  5/683(<1) 10/685( 1) 4/683(<1) 10/686( 1)
Urine pH 0/687 2/687(<1) 0/686 5/686 (<1)
Urine color 76/668 (11) 86/663(13)
Urine Blood 184/€15(30) 152/617(25)
Urine Glucose 43/€75( 6) 17/677( 3)
Urine Ketones 98/€63 (13) 112/666(17)
Urine Protein 317/494 (64) 318/484 (€6)
Urine RBC 123/489(25) 104/464(22)
Urine WBC 108/586(18) 115/589(20)
Urine Bilirubin 0/687 0/686
Urine Nitrite 70/€48(11) 64/650(10)
Urine Urobilinogen 9/686( 1) 10/685( 1)

NOTE 1: For subjects who switched to alternative MS medications, data after switch and 14 days after last
dose of study treatment are excluded.

2: Entries are number low (or high/positive)/number at risk. Number at risk for shift to low (or high/
positive) is the number of subjects whose baseline value was not low (or high/positive) and who had
at least one post-baseline value. Numbers in parentheses are percentages based on number at risk.
Baseline is Study 301 Year 1 Baseline for subjects previously treated with BIIB017, and Study 301
Year 2 Baseline for subjects previously treated with placebo, during Study 301 Year 1.

(a) Shift to low includes normal to low, high to low, and unknown to low.

(b) Shift to high/positive includes normal to high/positive, low to high/positive, negative to high/
positive, and unknown to high/positive.

Abbreviation: Dos=Positive.

3
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Table 394:  Summary of Shifts in ECG Results — Year 1

Summary of shifts in ECG results - Year 1

BITBO17 125 (meg) SC

Placebe

Every & weeks  Every 2 weeks Total
Number of subjects in safety 500 500 512 1012
population
Shift to Abnormal, not adverse event €2/307 ( 20) 53/291 ( 18) 52/291 (18)  105/582 ( 18)
Shift to Abnormal, adverse event 2/307 ( <1) 4/251 (1) 2/291 ( <1) €/382 (1)

The worst post-dose values are used.

Entrics arc number with shifts/number at risk. Number at risk for shift is the number of subjects

whose bascline valus was not sbnormal and who had at least one post-bascline value. Numbers in

parentheses are percentages based on number at risk. Shift to abnormal includes normal to abnormal

and unknown to abnormal.

3: For subjects who switched to alternative MS medications, data after switch and 14 days after last
dose of study treatment are excluded.
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Table 262:  Summary Of Shifts In ECG Results — Overall BIIB017 Experience

Summary of shifts in ECG results - Overall BIIBO17 experience

BITBO17 125 (mcg) SC

Every 4 weeks  Every 2 weeks Total
Number of subjects in safety 728 740 1468
population

Shift to Abnormal, not adverse event 87/359 ( 24) 83/370 ( 22) 170/729 ( 23)
Shift to Abnormal, adverse event €/359 ( 2) 4/370 (1) 10/729 (1)

NOTE

The worst post-dose values are used.
Entries are number with shifts/number at risk. Number at risk for shift is the number of subjects
whose baseline value was not abnormal and who had at least one post-baseline value. Numbers in

parentheses are percentages based on number at risk. Shift to abnormal includes normal to abnormal
and unknown to abnormal.

For subjects who switched to alternative MS medications, data after switch and 14 days after last
dose of study treatment are excluded.

Baseline is Study 301 Year 1 Baseline for subjects previously treated with BITB017, and Study 301
Year 2 Baseline for subjects previously treated with placebo, during Study 301 Year 1.
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Table 59: Incidence of Hepatic Disorders by System Organ Class and Preferred Term — Year 1

Incidence of hepatic disorders by system organ class and preferred term - Year 1

BITBO17 125 (meg) SC

Placebo
Every & weeks Every 2 wecks Total
Number of subjects in safety population 500 (100) 500 (100) 512 (100) 1012 (100)
Number of subjects with an event 2 (<1 2 (<1 4 (<1 8 (<1
HEPATOBILIARY DISORDERS 2 (<1 4 (<1 4 (<1 8 (<1
HEPATIC PAIN 2 (<1 2 (<1 2 (<1 4 (<1
HYPERBILIRUBINAEMIA 0 1<) 2 (<1 3 (<1
ACUTE HEPATIC FAILURE 0 1< 0 1<)

NOTE 1: Numbers in pazentheses are percentages.
For subjects who switched to alternative MS medications,
dose of study treatment are excluded.

3: A subject was counted only once within cach system organ
4: Preferred terms are presented by decreasing incidence in

system organ class.

class/preferred term.
the total BITB017 column within sach

data after switch and 14 days

after last
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Figure2:  Overall Risk Assessment (Risk Differences and 95% CI per 1000 Patients Treated for 1 Year) Comparison of
BIIB017 125 ng Every 2 Weeks Versus BIIB017 125 g Every 4 Weeks — Study 301 Year 1
Overall Risk Assessment (Fisk differences and 95% Cl per 1000 patients treated for 1 year)
Comparison of BIIB017 125 (mcg) SC Every 2 Weeks versus BIIBO17 125 (mcg) SC Every 4 Weeks - Study 301 Year 1
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Table2:  Median (Range) Pharmacokinetic Parameters Based on CPE Assay (Study
105HV101)

IFN f-1a
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AUCgq; arca under the concentration-fime curve from time 0 to 168 hours post-dose; Cyy: highest observed
serum concentration; IM: intramuscular: tyo: terminal half-life; Ty time to reach Cany: SC: subcutaneous
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Figure 3: Median Serum Concentrations of Peginterferon Beta-1a
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Figure 6:  AUC and Cpax Comparison Between Healthy Volunteers vs. MS Patients
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Figure7:  Simulated Steady State PK profiles of BIIB017 (125 ng; ance every other
week) for MS Subjects with Normal Renal Function vs. MS Subjects with
Severe Renal Impairment.
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Treatment BIIBO17 Every 4 Weeks | BIIBO17 Every 2 Weeks
Number of subjects 500 512
Number of baseline positive BAb 8(2%) 16 (3%)
subjects
Number at risk for BAb 485 480
Number of subjects with one or more 20 (4%) 38 (8%)
positive BAb results
Transient BAD positive 16 (3%) 20 (4%)
Persistent BAD positive 4(<1%) 18 (4%)
Number of bascline positive NAb 2(<1%) 3(2%)
subjects
Number at risk for NAb 491 488
Number of subjects with one or more 2(<1%) 4(<1%)
positive NAb results
Transient NAb positive 2(<1%) 3(<1%)
Persistent NAD positive 0 1(<1%)

‘Denominator for baseline positive percentage is number of subjects. Denominator for all otler percentages s
‘umber atsisk (the number of subjects whose baseline antibody was not positive and who had at least one post-
‘baseline antibody value).
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Table8:  Incidence and Categorization of Anti-PEG Anfibodies in MS Subjects Over
48 Weeks
Treatment BIIBO17 Every 4 Weeks | BIIBO17 Every 2 Weeks
Number of subjects 500 512
Number of bascline positive subjects 27 (5%) 25 (5%)
Number at risk 465 471
Number of subjects testing negative 422 (91%) 440 (93%)
Number of subjects with one or more 43 (9%) 31(7%)
positive results
Transient positive 18 (4%) 21 (4%)
Persistent positive 25 (5%) 10 2%)
Low titer (<100) 25 (5%) 18 (4%)
Mid titer (<800) 6(1%) 5(1%)
High titer (2800) 2(<1%) 0

“Denominator for baseline posifive percentage is mumber of subjects. Denominator for all ofher percentages s
‘mumber at risk (the number of subjects whose bascline antibody was not positive and who had at least one post-
baseline antibody value). Because “titer not determinable” (TND) was not assigned a tter level, subjects whose
post-bascline positive resuls were all TND are not included in the categorization by titer level, but are included in

‘the total incidence and transient versus persistent.
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Figure4:  Medians and Ranges of Serum BITB017 Concentrations From ELISA by
Treatment Group — Intensive PK Subjects

Medians and ranges of BIIBD17 serum concentrations (pg/mL) by treatment group and time -
- evaluable subjects i intensive PK population
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Neopterin concentration(ng/mL)

Figure 2: Pharmacodynamic Profiles of Neopterin Following SC Administration
of BIIBO17 at a Dose of 63 mcg, 125 mcg, or 188 mcg or Following IM Administration

of IFN beta-1a at a Dose of 30 mcg (Study 105HV101)
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Table 10:

Tmpairment Subjects, and MS Subjects

‘Summary of Neapterin PD Parameters in Healthy Volunteers, Renal

Dose N No. of Eave* Eau Eraw
(g | S| Sublects | Route | e (gl | @eml) | @y
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s0 39 330 | 157

Medam | 160 | 113 | 40

9 |wosvior | BV | B | 1 | Mem | 150 | 124 | ss5
s Py 350 | 31

Mediam | 897 50 | 710

& [womvion | B | sc | 1 | Mem | 85 730 | 583
s 99 350 | 184
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s 165 50 | s
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s s a0 | u3
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Figure 5:

Y8588 3

Medians and Ranges of Neopterin Concentrations (ng/mL) by Treatment
Group - Intensive PD Population

Medians and ranges of neopterin concentrations (ng/mL) by treatment group
- evaluable subjects in intensive PD population

Hours from week 4 dose.

Houes from week 24 dose
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Figure 7:  Median Serum Concentrations of Neopterin on a Logarithmic Scale

Median serum concentrations of neopterin: logarithm base 10 scale
Renal function groups defined by craatinine clearance using Cockeroft-Gault equation
PD population who received 125 mcg dose
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Table 5: PK, PD and Biological Activity Considerations for Dose Selection

Avonex | BIIB017 BIIB017 BIIB017
30pugIM | 63pgSC | 125ugSC | 125ugSC
QW QW QW Q4w
AUC cumulative
per month (10°h TU/aL) 31 570 143 714
AUC single dose
5 [10‘%1-m/mL] 077 2385 7.14 714
Neapterin Ecc
per month (kngmil) 2128 1790 2140 1070
Biological activity
per dose (MIU) 6 6 12 12
Biological activity
ot saonth (V) 24 12 24 12

AUC: area under the concentration fime curve; MIU: million nternational units; Q2W-
once every 4 weeks: SC: subcutaneous.

‘once every 2 weeks: Q4W:
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Table 12.1-

: Treatment-Emergent Adverse Events by Preferred Term with an Incidence of 10% or More

BITBO17 IM (mcg)

BITBO17 SC (mcg)

Preferred term Avonex 63 125 188 Total 63 125 188 Total
Number of subjects 12 (100) 8 (100) 8 (100) & (100) 24 (100) 8 (100) 8 (100) 8 (100) 24 (100)
dosed
Number of subjects 11 (92) 8 (100) 7 (88) 8 (100) 23 ( 96) 8 (100) 8 (100) 8 (100) 24 (100)
with an event
HEADACHE 7 (58) 7 (88 4 (50 7 (88) 18 (75 2 (25 3 (38 6 (75 11 ( 46)
CHILLS 5 (42 2 (25 1(13) 7 (88) 10 (42 4 (50) 2 (25 6 (75 12 ( 50)
MYALGIA 5 (42 1 (13) 5 (63) 7 (88) 13 (54 2 (25 3 (38 4 (50 9 (38
INJECTION SITE PAIN 3 (25 2 (25 1(13) 4 (50 7 (29 3 (38 2 (25 3 (38 8 (33
INJECTION SITE ERYTHEMA 1 ( 8) 2 (25 1 (13) 0 3(13) 3 (38 3 (38 1(13) 7 (29
NEUTROPHIL COUNT 2 (17 4 (50 0 1(13) 5 (21) 2 (25 0 2 (25 4 (17)
DECREASED
DYREXTA 1( 8 1(13) 4 (50 0 5 (21) 1(13) 2 (25 0 3 (13)
NEUTROPENTA 0 0 3(38) 1(13) 4 (17) 1 (13) 1 (13) 1 (13) 3 (13)
BACK PAIN 2 (17 3 (38 1(13) 1 (13 5 (21) O 0 1(13) 1( 4
PAIN IN EXTREMITY 1( 8 3(38 1(13) 0 4 (171 2 (28 o [ 2( 8
FATIGUE 1( 8 1(13) 2 (25 1(13) 4 (17) 0 1(13) o0 1004
LEUKOPENIA 0 0 0 2 (25 2( 8 0 1(13) 2 (25 3 (13)
NOTE 1: Only events with an incidence of 10% or higher in either total column are included.

2: Numbers in parentheses are percentages.

3: A subject was counted only once within each preferred term.

4: DPreferred terms are presented by decreasing incidence in the sum of the two sub total columns.
SOURCE: AVONEXMS/105HV101/CSR/T-AE-GE10.SAS DATE: 20DEC2007
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BIT8017(neg) Every 2 weeks

BIIBOL7 (meg) Every 4 week:

e T = To% Tomar @ = 5% Tomar
Numbex of supsects 10 (100) 10 (100) 10 (100) 10 (100) 30 (100) § (100) $ (100) 10 (109) 28 (100)
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Number with a severe O o 10 1 20 0 o 2020 2( M
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relazed evenc
Number with a possibly 6 (€0) 8 (80) § (%) 10 (100) 27 (0) & (8%) 8 (89) 10 (200) 26 ( 93)
G zelsced svenc

BI18017(neg) Every 2 weeks BITB017(ncg) Every 4 weeks

sracens @3 = e T @ =5 F =
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Creatment due o an
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withdzawing from scudy
s o an svent
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Table 14-19: Treatment emergent adverse events by preferred term with an incidence of 10% or more

Treatment emergent adverse events by preferred term with an incidence of 108 or more
Page 1ot 2

BIIBOLT (meq) every 2 weeks BIIBOLT(meq) every 4 weeks
Preferred term Placebo &3 s Tes Total = s Tes Total
Number of subjects 10 (100) 10 (100) 10 (100) 10 (100) 30 (100) & (100) § (100) 10 (100) 28 (100)
dosed

Number of subjects 7(70) 8 (90) 3 (80) 10 (100) 28 ( 83) & ( 89) & ( 83) 10 (100) 26 ( 93)
with an event

HERDACEE 4(40) 7 (70) 7T (70) 7 (70) 2L (70) 5 (56) 7 (78) 10 (100) 22 ( 79)
MYALGIA 3(30) 5 (50) B (80) S (80)22 (73 5 (56 & (67) 10 (100) 21 ( 75)
CHILLS o 3(30) & (80) 7 (70) 18 (60) 5 (56) 5 (56) S (80) 1% ( €8)
BYREXIA 1(10) 4(40) 7T (70) 7 (70) 18 (60) & (€7) 3 (33) & (60) 15 ( 54)
INJECTION SITE PAIN o 2(20) 5 (80) 2 (20) 8 (30) 3(33) 4 (44 5 (50) 12 (43)
INJECTION SITE ERYTHEMA O 220 o € (60) 8 (27) 2(22) 4 (44 2 (20 & (29
INJECTION SITE PRURITUS 0 2 (200 1(10) 3 (30 & (20 o0 3(33) 3(30) & (21)
FATIGUE 2(20) 1(10) 2 (20) 3(30) & (20 2(22) 2(22) 1(10) 5 (18)
NAUSER 1(10) 1(10) 3(30) 2 (20) & (20 1 (1) 1 (1) 1 (10) 3 (11)
BACK PAIN 2(20) 1(10) 2 (20) 1(10) 4 (13 1 (1) 2 (22) 1 (10) 4 (14)
EYE 2AIN 1(10) 1(1o) 1(10) 2 (20) 4 (13) © 101 2 (20 3 (11
DpIzzINEss o 1(10) 2 (20 2 (20 5 (1) o0 o 1(10) 1( 4
PHARYNGOLARYNGEAL PAIN 0 1(10) 1(10) 1 (10 3(10) O 2(22) 1(10) 3 (11
NASAL CONGESTION o 101 o o 103 o 3(33) 1(10) 2 (149
VOMITING 1010 o o 2(20 2( 7N o 2(22) 1(10) 3 (11)

FOTE 1: Only events with an incidence of 10% or higher in either total column are included.
2: Numbers in parentheses are percentages.

3: A subject was counted only once within each preferred term.

4: Preferred terms are presented by decreasing incidence in the sum of he two sub total columns.

SOURCE: AVONEXMS/10SHV102/CSR/T-AE-GE10.SAS DATE: 26JAN2008
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Table2:  Study 301 Primary, Secondary, and Key Tertiary Efficacy Endpoints

Primary endpoint Annualized relapse rate at 1 year
Secondary endpoints Number of new or newly enlarging T2 hyperintense lesions at
(listed in rank order) 1year

Proportion of subjects relapsing at 1 year

Disability progression measured by EDSS at 1 year
Key tertiary endpoints Number of Gd-enhancing lesions at 1 year

Number of new T1 hypointense lesions at 1 year

Source: Module 5. Study 301 CSR.
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Figure 2:

Dose Titration Scheme

Placebo BIBO17
Placebo 639
Week 2 Placebo 9419
Week 4 Placebo 12519
Week &
Placebo  1251g Placebo
Weeks Placebo  125pg 125 g
every2 every4
weeks weeks
Group1  Group2 Group3

4 week titration

Target BIIBO17 dose = 125 jg
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Table3:  Statistical Methods Used to Analyze the Clinical and MRI Efficacy
Endpoints in Study 301

Efficacy Endpoint Analysis Method Terms in the Statistical Model

Clinical Endpoints

Annualized relapse rate at  Negative binomial regression  Treatment, baseline age (<40 vs. 240), baseline

1year EDSS (<4.0 vs. 24.0). baseline relapse rate (over
3 years prior to study enfry)

Proportion of subjects Cox proportional hazards Treatment, baseline age (<40 vs. 240), baseline

relapsed at 1 year EDSS (<4.0 vs. 24.0), baseline relapse rate (over

3 years prior to study entry), Gd-enhancing lesions
at baseline (presence vs. absence)

Disability progression Cox proportional hazards Treatment, baseline EDSS (as a continuous
‘measured by EDSS at 1 year variable). baseline age (<40 vs. 240)
MRI Endpoints

Number of new ornewly  Negative binomial regression  Treatment, bascline T2 hyperintense number
enlarging T2 hyperinense

lesions at 1 year

Number of Gd-enhancing  Multiple logit regression Treatment, number of baseline Gd-enhancing
lesions at 1 year model lesions

Number of T1 hypointense  Multiple logit regression Treatment, number of baseline T1 hypointense
lesions at 1 year model lesions

EDSS = Expanded Disability Stas Scale; Gd = gadolinium, MRI = magnefic resonance imaging.
Source: Module 5, Study 301 CSR
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Figure 4:

Overview of Subject Disposition, Year 1
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Figure 5:

Overview of Subject Disposition, Year 2
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Tabled:  Study 301: Summary of Demographics and Baseline Disease Characteristics

Characteristic Placebo BIIB017 125 ug | BIIB017 125 pg.
=500 Q4w Qw
n=>500 n=512
Age: mean (SD) 363(9.7) 36.4(9.9) 369(9.8)
Gender [n (%) female] 358(72) 352 (70) 361 (71)
Region
‘Eastern Europe 354(71) 355(71) 355 (69)
India 56 (1) 56 (1) 58(11)
‘Western Europe 38(8) 398 a6
Rest of World 35(7) 34(7) 39(8)
North America 173) 16(3) 19(4)
No. relapses in past 3 years: mean (SD) 26(1.00) 25(077) 26(0.99)
<2[n(%)] 315 (63) 328 (65) 313 (61)
-2 [0(%)] 185 (37) 172 (35) 199 (39)
EDSS score: mean (SD) 244(1.18) 248(124) 247 (1.26)
<4 [n(%)] 432(86) 413 (83) 423 (83)
>4[n(%)] 68 (14) 87(17) 89 (17)
Gd Lesions; mean (SD) 16(38) 18(54) 12(34)
Absent Gd+ lesions [n (%)] 296 (59) 297 (59) 334(65)
Previous MS treatment [n (%)] 86(17) 85(17) 89 (17)
GA[n(%)] 24(5) 28 (6) 27(5)
IEN p-1b [n (%)] (1) 5(1) 30)
IFNp-la [ (%)) 5(1) s(1) 4(<1)
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TableS:  Study 301 Summary of Key Efficacy Results at 1 Year by Treatment Group

BIIBO17 1
Endpoint Statistic Placebo Q4w
Clinical endpoints
N 500 500 512
Adjusted rate (95% CT) 0397 0288 0256
Anmualized (0.328,0.481) (0.234,0.355) (0.206, 0.318)
relapse rate
% reduction vs. placebo — 275 356

p-value vs. placebo® — 00114 0.0007
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Table 27: Number of Reported Relapses at Year 1

Placebo BIIBO17 Q4 | BIIBO17 Q2W
Group Group Group Total

All relapses 213 142 132 487

Protocol-defined 204 134 126 464

relapses

INEC-confirmed 181 125 116 22

relapses

Source: Table 78 and Section 14. Table 96 and Table 97. QAW = every 4 weeks, Q2W = every 2 weeks.
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8118017 125 (meg) SC

Placebo
Every 4 veeks Every 2 weews
Number of subjects in 482 (100) 426 100 457 (100)
per-prozocal population
Number of subjects with
zelapses of
o 345 ( 72) 383 (79 1L (e
106 ( 22) 8 (18) 6 (14)
25 (5 22 B3y
s 1 1<) i)
1ia) 2 (<) 1<
Total number of relapses 178 123 10
Total mumber of 430,58 24,50 aze.es
subjsct-years fallowed
Unadjusced annualized 0.406 0.290 0.258
zelapse rate (2)
Adjusced annualized 0.387 0.251 0.248
zelapse ate
ssecr o) (0.327,0.482)  (0.237,0.359) (0.199,0.310)
Rate racio (active/placebo) 0.73¢ 0.628
58 CI (m) (0.570,0.544)  (2.482,0.208)
p-value (compared to o.0158 0.0004
placebo)
BIIBOL7 125 (meg) SC
Placebs
Every ¢ weeks Every 2 weeks
Subject relapse rate (o)
y a2 456 497
Mean 0.441 0.335 0.273
sD 0.2576 1.0020 0.7813
Medsan 0.000 9.000 0.000
25th, 75th percentile 0.000, 1.084  0.000, 0.000  0.000, 0.000
Min, Max 0.00, 870 0.00, 12.59  0.00, 10.15

FOTE 1: Only relapses confirmed by INEC are included in the amalysis.
2: Data after subjects switched alternative MS medications are
excluded.
3: Numbers in parentheses are percentages.

(2) The annualized relapse rate is calculated as the total number of
relapses occurred during year 1 for all subjects, divided by the
Total number of subject-years followed in year 1.

(b) Based on negative bincmial regression, with adjustment for baseline
0SS (<4 vs. >=4), baseline relapse rate, age (<40 vs. >=d0).

(c) The number of relapses for each subject divided by the number of
years followed in year 1 for that subject. Summary statistics across
all subjects are presented.
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Figure 3:

Rate Ratio and 95% CI by Subgroups

Annualized Relapse Rate (INEC-Confirmed Relapses) at 1 Year —

Annualized relapse rate (INEC confirmed relapses) at 1 year - rate ratio and 95% CI

by subgroups
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Summary of annualized relapse rate (INEC confirmed relapses) at 1 year - ITT Population
- by baseline disease characteristics subgroups
Page 4 of 4

BITBO17 125 (mcg) SC

Placebo
Every 4 weeks Every 2 weeks
Baseline T2 lesions volume
<=median
n 249 245 259
Adjusted relapse rate (95% CI) (a) 0.370 (0.269,0.509) 0.278 (0.199,0.388) 0.221 (0.153,0.320)
Rate ratio (active/placebo) (95% CI) (a) 0.753 (0.517,1.096) 0.599 (0.404,0.886)
>median
n 248 254 252
Adjusted relapse rate (95% CI) (a) 0.408 (0.320,0.521) 0.294 (0.224,0.385) 0.279 (0.212,0.367)
Rate ratio (active/placebo) (95% CI) (a) 0.720 (0.516,1.004) 0.684 (0.490,0.955)
Baseline Gd+ lesions
Absent
n 296 297 334
Adjusted relapse rate (95% CI) (a) 0.310 (0.237,0.407) 0.253 (0.189,0.337) 0.201 (0.148,0.273)
Rate ratio (active/placebo) (95% CI) (a) 0.814 (0.571,1.160) 0.647 (0.451,0.929)
Present
n 201 201 17¢
Adjusted relapse rate (95% CI) (a) 0.539 (0.408,0.712) 0.346 (0.256,0.467) 0.367 (0.270,0.499)
Rate ratio (active/placebo) (95% CI) (a) 0.641 (0.451,0.912) 0.681 (0.477,0.573)

NOTE: Data after subjects switched to alternative MS medications are excluded.

(a) Assessing the difference between the treatment groups, based on negative binomial regression, adjusted
for baseline EDSS (<4 vs. >=4), baseline relapse rate, age (<40 vs. >=40), except for the subgroup
factor of interest.
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Table 100:  Summary of Annualized Relapse Rate (INEC-Confirmed Relapses) at 1 Year - ITT Population - By Special
Interest AEs (Experienced at Least One vs. None)

Summary of annualized relapse rate (INEC confirmed relapses) at 1 year - ITT Population
- by special interest AEs (cxpericnced at least one vs. none)

BIIBO17 125 (meg) SC
Placebe
Every & weeks Every 2 weeks
Number of subjects in ITT population 500 500 512
Flu-like symptoms (b)
Expericnced at least one
n 63 234 235
Adjusted relapse rate (95% CI) (a) 0.559 (0.362,0.863) 0.304 (0.224,0.412) 0.363 (0.274,0.482)
Rate ratio (active/placebe) (95% CI) (a) 0.544 (0.334,0.388) 0.650 (0.407,1.040)
None
n 437 266 273
Adjusted relapse rate (35% CI) (a) 0.359 (0.287,0.449) 0.283 (0.213,0.374) 0.182 (0.130,0.254)
Rate ratio (active/placebe) (95% CI) (a) 0.788 (0.57€,1.076) 0.507 (0.354,0.725)
Injection site reaction
Expericnced at least one
n 54 298 336
Adjusted relapse rate (95% CI) (a) 0.379 (0.224,0.€41) 0.307 (0.233,0.406) 0.262 (0.198,0.346)
Rate ratio (active/placebe) (95% CI) (a) 0.812 (0.463,1.424) 0.651 (0.395,1.209)
None
n 426 202 176
Adjusted relapse rate (35% CI) (a) 0.386 (0.309,0.481) 0.271 (0.196,0.374) 0.260 (0.182,0.373)
Rate ratio (active/placebe) (95% CI) (a) 0.703 (0.497,0.994) 0.674 (0.462,0.985)

NOTE: Data after subjects switched to alternative MS medications are excluded.
(2) Assessing the difference between the treatment groups, based on negative binomial regression, adjusted

for baseline EDSS (<4 vs. >=4), bascline relapse rate, age (<40 vs.
(b) AE with preferred term as Influenza like illness.

>=40) .
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Table 99:  Summary of Annualized Relapse Rate (INEC-Confirmed Relapses) at 1 Year - ITT Population - By Status in
Year 1 of Study 301 (Withdrawal vs. Completion)

Summary of annualized relapse rate (INEC confirmed relapses) at 1 year - ITT Population
- by status in year 1 of study 301 (withdrawal vs. completion)

BITB017 125 (meg) SC

Placebe
Every & weeks Every 2 weeks
Number of subjects in ITT population 500 500 512
Subjects who withdrew
n 44 62 73
2djusted relapse rate (95% CI) (a) 0.648 (0.336,1.247) 0.323 (0.153,0.681) 0.530 (0.291,0.967)
Rate ratio (active/placebe) (35% CI) (a) 0.498 (0.207,1.199) 0.819 (0.385,1.739)
Subjects whe completed
n 456 438 435
2djusted relapse rate (95% CI) (a) 0.380 (0.312,0.464) 0.236 0.230 (0.182,0.250)
Rate ratio (active/placebe) (35% CI) (a) 0.752 0.605 (0.461,0.793)

NOTE: Data after subjects switched to alternative MS medications are excluded
(2) Assessing the difference between the treatment groups, based on negative binomial regression, adjusted
for baseline EDSS (<4 vs. >=4), baseline relapse rate, age (<40 vs. >=40).
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TableS:  Study 301 Summary of Key Efficacy Results at 1 Year by Treatment Group
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Figure 1. Time to first relapse
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MSFC: Change of z-score from baseline over time
-Year 1 -ITT population
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Table7:  Annualized Relapse Rate at 1 Year by Antibody Status

BIIBO17 125 pg BIIBO17 125 pg
Q4w Qw
n=s12
Never positive | Everpositive | Norc | Ever positive
Po; Po; posiive »

Anti-TFNBAbs | n(%) subjects. 472(944) 28(56) | 458(894) | 54(105)

‘Unadjusted anmualized

relapee rate” 030 012 028 019
Anti-TFNNADs | n(%) subjects. 496 (99.2) 4(08) 500077) | 12(3)

‘Unadjusted anmualized

relapse rate” 029 0.00 027 0.00
Anfi-PEG Abs | n(%) subjects. 430(860) | 70(140) | 456(89.) | 56(109)

‘Unadjusted anmualized

relapee e’ 029 025 027 024

‘2 The anmualized relapse rate was calculated as the tofal number of relapses occurred during the period for all
subjects in each group. divided by the fotal number of subject-vears followed in the period.
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Figure 4:

Summary of Annualized Relapse Rate (INEC Confirmed Relapses) by Study
Year — ITT Population Dosed in Year 2

Summary of annualized relapse rate (INEC confirmed relapses)
- by study year - ITT population dosed in year 2
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BIIB017 125 (mcg)
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(n=228)

BIB017 125 (mcg)
every 4 weeks
(n=438)

NOTE 1: Only relapses confirmed by NEC are included in the analysis.
2 Data after subjects switched to alterative MS medications during the period are excluded.

3: Adjusted annuaiized relapse rate and 95% Cl re based on negafive binomial regression (i the model can not be

converged, Poisson regression is used instead), adjusted for baseline EDSS (<4 vs. >=4), baseline relapse rate

and age (<40 vs. >=40).

BIIB017 125 (mcg)
every 2 weeks
(n=438)
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Figure 6:  Time fo First Relapse INEC Confirmed Relapses) Over 2 Years —
ITT Population

Time to first relapse (INEC confirmed relapses) over 2 years - ITT population
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2 SUibjecis who did not experience 3 reapss prior (5 Swiching 1o aemative MS medioations or withdrawal from study are censored
St he tim of swtewindrawa,
3 Subjects in placebo+BIIBOT7 group received placebo i year 1, and sither BIIBOT7 125 (mog) every 4 weeks or every 2 weeks
nyear 2 they continued siuy wastment i ySar 2.
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Figure 7:  Time fo Sustained Progression of Disability as Measured by Increase in
EDSS over 2 Years — ITT Population

Time to sustained progression of disability as measured by
increase in EDSS over 2 years - ITT population

031 pvalue (a) - PlacebosBIIBO17 (1=500)
Every4 weeks vs. Placebo+BIIB017 =0.0822 = BIRE7 13 meg) vey dmen )

Every2 weeks vs_ Placebo+BIIB017 =0.0223

Hazard Ratio (95% C) (@)
Every4 weel lacebo+BIIBO17 =0.72 (0.49, 1.04)
Every2 weeks vs_ Placebo+BIIB017 =0.63 (0.43,0.94)

Estimated proportion with progression of disabiliyat 2 years (b)

Placebo-Bil
02] Everyd weeks 0128
Every2 weeks =0104

01
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o]
Baseine 2 2 B “ E n a o
‘Time on Study (Wesks)
Number of Subjects at Risk
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Figure 5:

Mean
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Table 6: Relative Treatment Effect of BIIB017 Dose Regimens in Year 1 and Over
2 Years in Study 301 — Post-hoc Analysis in the ITT Population

Endpoint Year 1 Over 2 years
Rate Ratio ; Q2W vs. Q4W 089 079
ARR®
pvalue 0.3967 0.059
«
New or newly enlarged T2 Rate Ratio  Q2W vs. Q4W 046 036
Lesions on MRI pvalue <0.0001 <0.0001
HR* Q2W vs. Q4W 083 081
Proportion Relapsed
pvalue 0.2006 0.1006
B
Proportion with Disability | FR - QZW vs. Q4W 100 089

Progression pvalue 1.00 05737

¥ Only relapses confirmed by INEC are included in the analysis. Data after subjects switched fo altermative MS
‘medications are excluded.

® Observed data after subjects switched to alternative MS medications are excluded. Missing data prior to
altemative MS medications and visits after subjects switched to alternative MS medications are included. Missing
data at Week 48 were imputed based on Week 24 data assuming the constant rate of lesion development.

©Based on negative binomial regression. with adjustment for baseline EDSS (<4 vs. 24). baseline relapse rate. and
age (<40 vs. 240). Nominal p-value presented.

@ Adjusted mean, lesion mean ratio (95% CI) and p-value for comparison between the active groups, based on
negative binomial regression, adjusted for baseline number of T2 lesions. Nominal p-value presented.

*Based on Cox proportion hazards model. adjusted for baseline EDSS (<4 vs. 24). age (<40 vs. >=40). baseline
selapse rate. and baseline Gd-enhancing lesions (presence vs. absence). Nominal p-value presented.

“Based on Cox proportional hazards model. adjusted for baseline EDSS and age (<40 vs. 240). Nominal p-value
presented.

'HR = Hazard ratio: MRI = magnetic resonance imaging: Q2W = every 2 weeks: Q4W = every 4 weeks.
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Figure2:  Overview of Subject Disposition
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Figure 3:

Time to First Relapse (Objective Relapses) — Study 302 ITT Population
(Study 302 Data)

Time to first relapse (objective relapses)
- Study 302 ITT population (Study 302 data)
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Table15:  Summary of Annualized Relapse Rate (Objective Relapses) at Study 302

Year 1~ Study 302 ITT Population (Study 302 Data)
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2113017 125 (meg) ST

Every 4 vees Tvery 2 wesis
Namber of subjects in ITT 247 100) 261 (100)
populasion
Namber of subjeccs with
zelapses of
o 217 () 207 (5%
1 EREt) FE
2 IREE] 1D
3 o o
s 1en 1
Toal mumber of ralspses B 15
Toal mumber of subjess-yssrs 10152 0217
Zolioues
Unadjussed annualized relapse ooses 0.176
zace ()
Adjusted snmsalizsd relspss zase 0.410 0.208
S5 ot m) (320,50 525) (0.116,0.355)
Subjecs relapse race ()
= 247 260
Haan 0.408 0136
B Leazz 017786
adian 02000 0 000
25ch, 755h percencile 0.000, 9.050 0.000, 0.000
Hin, M 500, 243z 0.00; 851

TOTE 17 Only provocol-defined cbjecvive relapses are inciuded

@

®

@

27 Dava afcer subjects switched to alternacive NS medications are
ncludes

3: Nambers in parencheses are percentages.

The annualized relapse rave is calculated as the tosal number of

elapses occurzed during the period for all subjects, divided by the

Sotal number of subject-years followed in he period

Based on negative binomial regression, with adjustment for baseline

EDSS (<4 vs. >=4), baseline relapse rave, age (<40 vs. >=40)

The number of relipses for each subject divided by the number of

yeazs followed within the period for thav subject. Summary

Staciscics acrcss a1l subiects are precented




image49.png
FigureS:  Annualized Relapse Rate (Objective Relapses)
TTT Population (Study 301 and 302 Data Combined)

Annualized relapse rate (objective relapses) by yearly interval
- Study 302 ITT population (Study 301 and 302 data combined)
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Table16:  Summary of Proportion of Subjects Relapsed (Objective Relapses) at Study
302 Year 1 - Study 302 ITT Population (Study 302 Data)

Summary of proportion of subjects relapsed (sbjective relapses)
at Study 302 year 1 - Study 302 ITT population (Study 302 data)

BITS017 125 (meg) SC

Every & weeks Every 2 weeks
Number of subjects in ITT 247 (100) 261 (100)
population
Number of subjects relapsed
No 217 ( 88) 247 ( 95)
Yes 30 (12) 12 ( 5)

Estimated proportion of
subjects relapsed at (a)

302 12 weeks 072 0.036
302 24 weeks 150 0.066
302 36 weeks 186 0.10¢

302 48 weeks (1 year) - -

NOTE 1: only protocol-defined objective relapses are included in the
analysis.

2: Subjects who did not experience a relapse prior to switching to
alternative MS medications or withdrew from study are censored
at the time of switch/withdrawal.

3: Numbers in parentheses are percentages.

(2) Based on Raplan-Meicr product limit method, up to 48 weeks.
Estimated proportion is not calculated if the number of subjects at
risk is less than 30.
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Figure 1: Overview of the Clinical Development Program of BIIB017
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Table4:  Presentations of the Data for the Integrated Safety Analysis

Presatation | Population | Seudy Trcatment Grougs | Treatment Groups fox
Desciption Dustion) in Tndividus Seudy | Integrated Analysic
*Snple Size]
Plcebo | Smiy301 | Smay 301 Yewr] | Placsbo Plcebo [500]
Comolies | Saty | (48 Weeks)
BIBOLT Population BITBO17125 ugSC | BIBOL7 125 g SC
Experience every 4 weeks every 4 weeks [500]
BIBOL7 125 g SC | BIBOL7 125 e SC
cverywesis | every 2 wesks (512]
Total B0 [1012]
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1. Data cutoff. 24 October 2012.
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co <43 wke 70 1) 10 ( 2) 10 ( 2) 20 ( 2)
ks 457 (51 438 (88) 435 (23 873 (86)
BIIE017 125 (meg) ¢
Placebo
Every 4 weeks  Every 2 weeks Total
438 (>99) 453 ( 99) 504 ( 58) 597 (59
455 ( 99) 483 ( 97) 495 ( 97) 578 (57)
427 (97) 471 ( 54) 478 ( 93) 545 ( 54)
478 (56 465 ( 93) 462 ( 50) 527 ( 52)
474 ( 55) 456 ( 51) 45z ( 28) 508 ( 50)
464 (53) 448 ( 50) 445 (27) 853 ( 88)
457 (51 438 ( 88) 435 ( 85) 873 ( 86)
B 500 500 s12 1012
Mean 44,3 a3 243
o 7.72 10.50 11l6s 11.10
Median 4801 Froey sei1 i1
Min, Max 2, 50 2, 43 2, 43 2, 43
Total number of 42,4 430.5 sss.e

subjact-years sxposed
to study treatment (5)

NOTE: Nurbers in pazentheses aze percentages.

(a) Days on study treatment is calculated as ((date of last dose + 14 days) - date of first dose) + 1.
Missing/partial dates of last dose were imputed. Weeks on study drug is calculated as (days on study
drug) /7.

(B) Total number of subject-ysars exposed to study treatment is calculated as the sum of nusber of days
exposed to study treatment/365.25.
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Overall extent of exposure - Overall BITBO17 experience
Page 4 of 4

BITB017 125 (meg) SC

Every & weeks  Every 2 weeks Total
n 728 740 1468
Mean 8.8 8.5 €8.7
sp 37.57 37.51 37.73
Median €2.6 5.3 €4.3
Min, Max 2, 163 2, 177 2, 177
Total number of subject-years 960.5 9719 1932.3
exposed to study treatment (b)
NOTE: Numbers in parentheses are percentages.
(2) Days on study treatment is calculated as ((date of last dose + 14 days) - date of first dose) + 1.
Missing/partial dates of last dose were imputed. Wecks on study drug is calculated as (days on study

drug) /7.
(b) Total number of subject-years exposed to study treatment is calculated as the sum of number of days
exposed to study treatment/365.25.
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Table5:  Extent of Exposure to BIIB017 in Phase 1 Studies in Healthy Volunteers and
in Subjects with Renal Impairment

Clinical Study BIIB017 Dose (ng) Total (N)
63 125 188

105HV101 16 16 16 48

(Healthy

Volunteers)

105HV102 19 19 20 58

(Healthy

Volunteers)

105HV103 - 55 - 55

(Healthy

Volunteers)

105RI101 5 30 - 35°

(Subjects with

Renal Impairment)

Total Number of 40 120 36 196

Subjects Exposed

a. Includes 29 subjects with renal impairment and 6 healthy volunteers.
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Table 8: Summary Analysis of Adverse Events - Year 1

Summary analysis of adverse events - Year 1

BITBO17 125 (meg) SC

Placebo
Every & weeks Every 2 wecks Total

Number of subjects in safety population 500 (100) 500 (100) 512 (100) 1012 (100)
Number of subjects with an event 417 ( 83) 472 ( 34) 481 ( 94) 953 ( 54)
Number of subjects with a moderate or 287 ( 57) 327 ( 635) 336 ( €6) €63 ( 66)
severe event

Number of subjects with a severe event 53 (11) 82 ( 16) 50 ( 18) 172 ( 17)
Number of subjects with an event 266 ( 53) 445 ( 50) 459 ( 50) 508 ( 50)
related to study treatment

Number of subjects with a serious event 7€ (15) 71 ( 14) 55 (11) 126 ( 12)
Number of subjects discontinuing study 700D 24 (3) 25 (%) 45 (3)
treatment dus to an event

Number of subjects withdrawing from (1 22 (4 25 (%) 47 (35

study due to an event

NOTE 1: Numbers in pazentheses are percentages.
For subjects who switched to alternative MS medications, data after switch and 14 days after last
dose of study treatment are excluded.

Severs svent includes 'Severs', 'Lifs—threatening', and 'Death Related to AE' categories.
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Table 9: Adverse Events at Least 2% Higher in Incidence by System Organ Class And Preferred Term for BIIB017
Every 2 Weeks Compared with Placebo — Year 1

Adverse events at least 2% higher in incidence by system organ class and preferred term for

BIIB017 Every 2 weeks compared to placebo - Year 1
Page 1 of 3

BITB017 125 (meg) SC

Placebe
Every 2 wecks
Number of subjects in safety population 500 (100) 512 (100)
Number of subjects with an vent 417 ( 83) 481 ( 94)
NERVOUS SYSTEM DISORDERS 298 ( €0) 302 ( 59)
HEADACHE 165 ( 33) 224 ( 49)
GASTROINTESTINAL DISORDERS 100 ( 20) 121 ( 29)
NAUSER 3L (6 44 (9
VOMITING 1 2) 26 (%)
SKIN AND SUBCUTANEOUS TISSUE DISORDERS 46 ( 9) 78 (15)
PRURITUS e 1 15 (9
MUSCULOSKELETAL AND CONNECTIVE TISSUE 164 ( 33) 207 ( 40)
DISORDERS
MYALGIA 30 (6 97 ( 19)
ARTHRALGIA 357 57 (11)

NOTE 1: Numbers in pazentheses are pezcentages.

For subjects who switched to alternative MS medications, data after switch and 14 days after last
dose of study treatment are excluded.

3: A subject was counted only once within cach system organ class/preferred term.

4: Preferred terms are presented by decreasing incidence in the BITBO017 column within cach system

organ class.
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BODY TEMPERATURE INCREASED FPRE) e

5113017 125 (neq) SC

Slacebe
Foary 2 waene
AZANINE AMINOTRANSFERASE INCREASED 303 25 (@
ASPARTATE AMINOTRANSFERASE INCREASED s (2 FER
GAMMA-GLUTAMYLIRANSFERASE INCREASED LRI 153

T ambers in parenthesss are parcantages.
For subjacts who switched to altarnaive M3 medications, data after switch and 13 days after lasc
dose of study treatment are excluded.

+ & subject was counted only once within sach system organ class/preferred term.

: Preferred terms are prassntad by decreasing incidence in the 5118017 column within sach system
xgen class.
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Placebe
Every @ wesks Every 2 wesks | Total
Number of subjects in safety population 500 (100) 500 (200) s12 (100 1012 (100)
Number of subjects with an avent 53 (1) 82 (1) 50 (1) 172 (1)
INFECTIONS AND INFESTATIONS s s s (2 1By
URINARY TRACT INFECTION 3 (< 3 (< 2 (< s (<)
NERVOUS SYSTEM DISORDERS PN 3 (6 % (7 RS
‘HEADACHE 12 2) FERE 2 (5 208
MULTIPLE SCLEROSIS RELAPSE FORE (2 w2 22 ( 2
MIGRATNE 1< PR 2 (<1 € (<)
GASTROINTESTINAL DISORDERS 2 (< 8 (2 s (2 € 2
VoMITING ° 3 (< 1 PR
MUSCULOSKELETAL AND CONNECTIVE TISSUE FUNEEN FENE 24 (5 2 e
DIsoroERS
MYALGIA 2 (<) s 12 €0 2
PAIN IN EXTREMITY 2 (<) e 1 s (<) 1y
ARTHRALGIA 1<) 3 (<) s (< 8 (<1
BACK PAIN 1 3 (<) 2 (< s (<
GENERAL DISORDERS AND ADMINISTRATION 002 4710 9 55 (12) 106 (10
SITE CoNDITIONS
INFLUENZA LIKE ILINESS 1< R 26 (5 209
BYREXTA o 1703 PR 313
INJECTION SITE ERYVTHEMA o 12 2) 12 2) 24 ( 2)
cazzis o PR e 2 2
ASTHENIA 1< 3 (<) € 1 5 (<1)
FazzuE 3 (< 2 (<) 4 (< 6 (<)
INJECTION SITE PAIN o 3 (< 3 (< & (<1
EYPERTEERMIA o 1<) 3 (< 4 (<)
INJECTION SITE OEDEMA o o 3 (< 3 (<1
GAIT DISTURBANCE 3 (< 1< o 1<)

NOTE 17 Nambers In pazentheses are percentages.
2: For subjects who switched to alternative MS medications, data after switch and 14 days after last
dose of study treatment are excluded
3: A subject was counted only once within sach system organ class/preferred term.
4: Preferred terms ars prasented by decreasing incidence in the toval BIIEOL7 column within sach
system organ class.
5: Severs event includes 'severs’, 'life-threatening’, and 'death related to AE' categorie:
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BIIBO17 125 (meg) SC

Every & weeks Every 2 weeks  Total
Number of subjects in safety population 728 (100) 740 (100 1468 (100
Number of subjects with an event 67 (53) 658 (34) 1375 (34
INFECTIONS AND INFESTATIONS 285 ( 39) 271 (37) 556 (38)
NEOPLASMS BENIGN, MALIGNANT AND FEREE) s (< 15 (1
UNSPECIFIED (INCL CYSTS AND POLYPS)

BLOOD AND LYMPHATIC SYSTEM DISORDERS s s e 50 (6
IMMUNE SYSTEM DISORDERS 2 132 24 (2
ENDOCRINE DISORDERS 132 5 2 28 (2
METABOLISM AND NUTRITION DISORDERS 3 ( 5) 3% (5) 70 (5)
PSYCHIATRIC DISORDERS 13 (16 129 (17) 262 (16
NERVOUS SYSTEM DISORDERS 435 ( 60) 438 (59 873 (59
EYE DISORDERS € (3 7 (11 140 (10
AR AND LABYRINTH DISORDERS s (9 550 1) 121 (8
CARDIAC DISORDERS 34 (5 20 (4 6 (4
VASCULAR DISORDERS 3 W@ (s 83 ( 6
RESPIFATORY, THORACIC AND MEDIASTINAL 50 (12) 95 (13) 185 (13)
DISORDERS

GASTROINTESTINAL DISORDERS 179 ( 25) 183 (25) 362 (25)
HEPATOBILIARY DISORDERS s (1) 0y PO
SKIN AND SUBCUTANEOUS TISSUE DISORDERS 51 (13) 116 (16 207 (14)
MUSCULOSKELETAL AND CONNECTIVE TISSUE 286 (39) 288 (39) 574 ( 39)
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RENAL AND URINARY DISORDERS 60 (8 3 (5 99 (7N
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GENERAL DISORDERS AND ADMINISTRATION €25 (86) €50 (88) 1275 (87
SITE CONDITIONS

INVESTIGATIONS 168 (23) 192 (26) 360 ( 25)
INJURY, POISONING AND PROCEDURAL 41 (e i (e 93 6
CoMPLICATIONS

SURGICAL AND MEDICAL PROCEDURES s 7 (<) 1€
SOCIAL CIRCUMSTANCES o 2 (<) 2 (<)

Wambers In parentheses are percentages.

& subject was counted only once within sach system organ class.

: For subjects who switched to alternative Ms medications, data after switch and 14 days after last
dose of study treatment are excluded.
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INFLUENZA LIKE TLLNESS 362 ( 50) 378 ( s1) 740 ( 50)
prREXTA 297 ( 41) 315 ( 43) €12 ( 42)
HEADACHE 284 ( 39) 301 (41 585 ( 40)
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carzzs 122 (17) 122 ( 16) 244 (17)
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ASTHENIA 103 ( 14) 88 (12) 191 (13)
NASOPRARYNGITIS 101 ( 14) 88 (12) 189 (13)
INJECTION SITE PRURITUS 80 (11) 105 (14) 185 (13)
BACK PAIN 83 (11) 88 (12) 7 (12)
ARTHRALGIA 88 (12) 78 (11) 166 ( 11)
FATIGUE 76 ( 10) 50 (12) 166 ( 11)
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PARAESTHESIA PN 3 (5 s 6
UPPER RESPIRATORY TRACT INFECTION 3 5) PERE 79 ( 5)
BAIN 38 ( 5) 39 ( 5) 78 (5
TNSOMNTA 32 (4 40 (5 72 (5
cousH a0 s R 78
ASPARTATE AMINOTRANSFERASE INCREASED 26 (4 3% (5 R
o1ammHOER 38 ( 5) 23 (3 €1 4
ByPERTHERMIA 34 (5 27 (4 €1 4
GAMMA-GLUTAMYLTRANSFERASE INCREASED 23 (3 EENE] 58 (@

Wambers in parentheses are percentages.

: For subjects who switched to alternative NS medications, data after switch and 14 days after last
dose of study treatment are excluded.

A subject was counted only once within sach preferred term.

: Preferzed terms are presented by decreasing incidence in the total BIIBO17 column.





image64.png
BITBOL7 IM (mcg)

BITB017 SC (meg)

Praferrad tem Avonex &3 125 188 Total & 125 188 Total
Number of subjects 12 (1000 8 (100) § (100) & (100) 24 (100) 8 (100) 8 (100) 8 (100) 24 (100)
dosed
Number of subjects 11 (92) 8 (100) 7 (88) 8 (100) 23 (%) 8 (100) 8 (100) 8 (100) 24 (100)
with an event
HEADACHE 7058 7(88) 4 (50) 7(88) 18 (75) 2 (25 3 (38) 6 (75 11 ( 46)
cHILLS 5(42) 2025 1(13) 7 (88) 10 (42) 4 (50 2 (25 6 (75 12 (50
MYALGIA 5(42) 1(13) 5 (63) 7 (88 13 (58 2 (25 3 (38 4 (50 5 (39
INJECTION SITE PAIN 3(25) 2025 1(13) 4 (50 7 (29 3(38) 2(25 3 (38 8 (33
INJECTION SITE BRYTHEMA 1 ( 8) 2 (25) 1 (13) 0 3013) 3038 3(38) 1013 7 (29
NEUTROPHIL COUNT 201 4(s0 o 1013 50210 2028 0 2028 4 (17
DECREASED
PYREXTA 108 1013 (50 0 521 1013 2(25 o 3 (13
NEUTROPENIA o o 3038) 1(13) 4(17) 1(13) 1(13) 1(13) 3 (13)
BACK PAIN 2017 3(38) 1(13) 1(13) 5(2) 0 o 1013 10 4
BAIN IN EXTREMITY 108 338 1013 o 401 2029 o o 20 8
EATICUE 108 10(13) 2028 1(13) 4 (1) o 1013 0 104
LEUKOPENTA o o o 2028 208 o 1013 2029 3(13)
NOTE 1; Only events with an incidence of 10% or higher in either total column are included.

2: Numbers in parentheses are percentages.

3: A subjact was counted only once within each preferred term.

4: Proferred terms are presented by decreasing incidence in the sum of the two sub total columns.

8118017 1M (mcg) 118017 SC (meg)
Avonex 63 125 1 Total & 125 1 Total

Nusber of subjects o o o 0 o o o o o
with a serious event
Number of subjects o o o o o o o o o
withdrawing from study
due an eve

FOTE: Wambers In parentheses are percentages
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Table 12:  Incidence of Serious Adverse Events Experienced by at Least 2 Subjects in Any Treatment Group - by System
Organ Class and Preferred Term- Year 1

Incidence of serious adverse cvents cxperienced by at least 2 subjects in any treatment group
- by system organ class and preferred term - Year 1

BITBO17 125 (meg) SC

Placebo
Every & weeks Every 2 wecks Total
Number of subjects in safety population 500 (100) 500 (100) 512 (100) 1012 (100)
Number of subjects with an event 7€ (15) 71 ( 14) 55 (11) 126 ( 12)
INFECTIONS AND INFESTATIONS 700D 51 3 (<1 8 (<1
ENEUMONTA 1<y 2 (<1) 0 2 (<1)
URINARY TRACT INFECTION 1< 2 (<1 0 2 (<1)
NERVOUS SYSTEM DISORDERS €0 (12) 50 ( 10) 2 (8 92 ( 9)
MULTIPLE SCLEROSIS RELAPSE 57 (11) 46 ( 9) ] 80 ( 8)

NOTE 1: Numbers in pazentheses are percentages.
For subjects who switched to alternative MS medications, data after switch and 14 days after last
dose of study treatment are excluded.

2 subject was counted only once within cach system organ class/preferred term.

Preferred terms are presented by decreasing incidence in the total BIIB017 column within sach

system organ class.
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Table129:  Incidence of Serious Adverse Events By Preferred Term — Overall BIIB017 Esperience

Incidence of sericus adverse events by preferred term - Overall BIIS01T ssperience

Bage 1 0% 7
BITB017 125 (meg) SC
Every § wesks Every 2 wesks | Toeal
Number of subjects in safety population 728 (100) 740 (100) 1468 (100)
Number of subjects with an event 150 (21 115 ( 16) 265 ( 18)
MULTIPLE SCLEROSIS RELRESE 54 (13) 7 ( 10) 165 (11)
URINARY TRACT INFECTION s (<1 2 (<) 7 (<1
ENEUMONIA 3 (< 1<) 4 (<
szesis 2 (< 2 (<) 4 ()
il 2 (< 1<) 3 (<
ALANINE AMINOTRANSFERASE INCREASED 1<) 1<) 2 (<1
ANGIOEDEMA o 2 (<) 2 (<1
ANKLE FRACTURE 1<y 1<) 2 (<1
ASPARTATE AMINOTRANSFERASE INCREASED 1< 1) 2 (<1
SURSITIS 1< 1<) 2 (<1
CONVULSTON 1<) 1<) 2 (<)
omaTE o 2 (<) 2 (<1
DEE VEIN THROMEOSIS 2 (< o 2 (<1
DENGUE FEVER 1< 1< 2 (<1
DERMATITIS 1< 1<) 2 (<1
INFECTED SKIN ULCER 1< 1<) 2 (<1

Tambers in parentheses are percentazes.
For subjects who switched to alternative MS medications, data after switch and 14 days after last
Gose of study treatment are excluded.

2 subject was counted only once within sach preferred term.

Preferred terms are presented by decreasing incidence in the total BITBOL7 column.
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HYPORSSTHESIA 1< o 1<)
INGUINAL HERNIA 1<) o 1<
INJECTION SITE REACTION o 1<) 1<
INTESTINAL OBSTRUCTION 1<) o 1<
TRRITABTLITY 1<) o 1<
LACUNAR INFARCTION 1<) o 1<)
L8UKOPENIA 1 (<1 0 1<y
LIP AND/OR ORAL CAVITY CANCER 1<) ° 1<
MALNUTRITION 1< o 1<y
MaNTA 1<) o 1<)
MENISCUS LESION o 1<) 1<
METRORRHAGIA 1< o 1<)
MICTURITION DISORDER 1<) o 1<
MoNOPARESTS 1<) ° 1<
MUSCULAR WEARNESS 1<) o 1<)
MYOMETRITIS o 1< 1<
NEURITIS CRANIAL ° 1<) 1<)
OSTEOCHONDROSIS 1< o 1<)
OSTEONECROSIS o 1<) 1<
overposz 1< o 1<y
PARAZSTHESIA 1<) o 1<
PARTIAL SEIZURES o 1< 1<)
PATELLOFEMORAL PAIN SYNDROME o 1< 1<y
PELVIC ADHESIONS 1<) o 1<)
PELVIC INFLAMMATORY DISEASE 1<) o 1<y
PERSONALITY DISORDER 1<) o 1<)
PULHONARY EMBOLISM 1<) o 1<y
RADIUS FRACTURE 1<) o 1<
RETINAL DETACHMENT ° 1) 1<)
ROAD TRAFFIC ACCIDENT 1<) o 1<y
SACROILIITIS 1<) o 1<)
SALPINGO-OOPHORITIS 1<) o 1<y
ScIaTICA o 1< 1<)
sEPTIC SHOCK 1< o 1<
SHoCK. o 1< 1<l
SUBDURAL HAEMATOMA 1<) o 1<)
SUICIDAL IDEATION 1<) o 1<)
syNcoPE 1<) 0 1<
THROMBOCYTOPENIA 1<) o 1<
TYPHOID FEVER o 1< 1<)
UHTHOFF'S PHENOMENON 1) o 1<
URINARY INCONTINENCE o 1< 1<l
URINARY TRACT INFLAMMATION 1< o 1<1)
URTICARIA o 1< 1<)
UTERINE CERVICAL EROSION o 1< 1<
UTERINE HAEMORRHAGE 1< o 1<)
VIRAL PHARYNGITIS o 1< 1<)
VIRAL TRACHEITIS ° 1< 1<

=

Wambars In parenthesss ars parcentages.

2: For subjects who switched to alternative MS medications, data after switch and 14 days after last
dose of study treatment are excluded.

A subject was counted only once within each preferred term.

: Prafersad terms are presented by decreasing incidence in the total BIIS0L7 column.
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Treatme Siudy | AE Preferred | Cause of Death | Relatiouship of | Risk Factors or Relevant Medical
|Group Davof | Term Death to Study | History
Death Treatment'
[Year 1
Placebo 5 Death Uakaown NotRelated | Cigaretie smoking, hyperteasion.
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Table 14:  Incidence of Adverse Events That Led to Discontinuation Of Study Treatment Experienced By At Least 2
Subjects In Any Treatment Group — By Preferred Term - Year 1

Incidence of adverse cvents that led to discontinuation of study treatment experienced by
at least 2 subjects in any treatment group - by preferred term - Year 1

BITBO17 125 (meg) SC

Placebo
Every & weeks Every 2 wecks Total
Number of subjects in safety population 500 (100) 500 (100) 512 (100) 1012 (100)
Number of subjects with an event 700D 24 (3) 25 (%) 45 (3)
INFLUENZA LIKE ILLNESS 0 8 ( 2) 4 (<1 12 (1
INJECTION SITE ERYTHEMA 0 3 (<1 3 (<1 € (<1
BYREXIA 0 1<) 4 (<1 5 (<1
SUICIDAL IDEATION 1<y 2 (<1 2 (<1 4 (<)
DEPRESSION 0 2 (<1 1<y 3 (<1
FATIGUE 0 1(<1) 2 (<1 3 (<1
HEADACHE 0 2 (<1) 1 (<1 3 (<1
HYPERTHERMIA 0 2 (<1 0 2 (<1)
TRANSAMINASES INCREASED 0 o 2 (<1 2 (<1

© Numbers in parentheses are percentages.
For subjects who switched to alternative MS medications, data after switch and 14 days after last
dose of study treatment are excluded.

3: A subject was counted only once within cach preferred term.

4: Preferred terms are presented by decreasing incidence in the total BIIBOL7 column.
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Table 7:

Comparison of MS Disease Modifying Therapies (Continued)

Peginterferon f-1a Avones | Betaserow Betaferon | Rebif (interferon |  Copaxone
(interferon p-1a) | (interferon p-1b) P-la) (glatiramer
acetate)
Doses Studied P L5 125 | P 30 | P 50 20 [Pe 22 44 | P 2
T e P ue ke mg
Safety, % incidence of
Tnjectionstereaction. | 11 | 60 | 66 | 1 B |6 | — | | @[] 2 | — 55
Tnjecton site necrosis o [ o 1| o o o | — @ [0 || [ = o
Flu-lie symptoms B9 |9 | »® | ® |3 | — |5 || » | B 0
Depression s [0 | s | = | — | = | o [ [ [ = -
Seizre e 1| o = - [ === = -
'WBC (3000 x10%) 1 4 7 1 1 48 — | e ] e | — —
Platelet (<100 x109) 1 1 1 0 0* — — — o [—] 03 | — —
ALT=5 ULN N 1 @ | — == = -
AST=5%ULN NENE 1 1 © = — === —
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Figure2:  Incidence of Flu-Like Symptoms (Narrow Definition) By 4 Week Intervals v

Incidence of fiu-fike symptoms (narrow definition) by 4-week intervals - Year 1

Placebo (N=500)
BIBO17 125 (mcg) Every 4 weeks (N=500)
50 I BIIS017 125 (mcg) Every 2 weeks (N=512)

40

Percentage of Subjects

ﬁﬁlﬂﬁm@mmmmm

s48 B2 1218 1020 2024 2628 2832 3230 34D 4044 4

Weeks

« Eventswith onset date after 48 weels during year 1 re included.





image73.png
Blood Chemistry Parameters - Mean Values (+SE) Over Time — Year 1

Blood Cheristry parameters- mean values (+/- SE) over time - Year 1
Lab test: ALT/SGPT (UIL)
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NOTE: ULN Is upper limit n std unit. If there are mutiple values of ULN for a given parameter,lowest ULN Is shown. SE=Standard Error.
SOURCE: BIIB0T7/105MS301INTERIMF-LB-BC-MEAN-SE-YRT SAS DATE: 1412013




image74.png
Table 5: Summary of Maximum Post-Baseline ALT and AST Values by Treatment

Group, Year 1 Study 301

Laboratory BIIBO17 125 g | BIIBO17 125 pg
parameter Placebo every 4 weeks | every 2 weeks

ALT 490 496 507

S1xULN 129 (26%) 173 35%) 251 (50%)

>3 x ULN 14 3%) 18 (4%) 36 (7%)

>5 X ULN 5(1%) 9(2%) 12 (2%)

AST 4990 496 507

>1xULN 73 (15%) 92 (19%) 166 (33%)

>3 x ULN 7(1%) 112%) 12 2%)

>5 X ULN 3 (<1%) 4(<1%) 3 (<1%)

Source: Module 2.7.4, Summary of Clinical Safety, Table 18
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Table 248:  Summary Of Maximum Post-Baseline Values — Liver Enzymes (ALT, AST, and Total Bilirubin) — Overall
BIIB017 Experience

Summary of maximum post-baseline values - liver enzymes (ALT, AST and total bilirubin) -
Overall BITBO17 experience
Page 1 of 3

BIIBO17 125 (mcg) SC

Every 4 weeks Every 2 weeks Total

Number of subjects in 728 740 1468

safety population

ALT
Total n 719 (100) 728 (100) 1447 (100)
<=1 xULN 435 ( 61) 359 ( 49) 794 ( 55)
>1 xULN 284 ( 39) 369 ( 51) €53 ( 45)
>=3 xULN 35 ( 5) 56 ( 8) 9L ( 6)
>5 XULN 6 ( 2) 20 (0 3) 36 (2)
>10 xULN 5 (<1) € (<1) 11 ( <1)
>20 xULN 3 (<1 0 3 (<1

NOTE 1: For subjects who switched to alternative MS medications, data after switch and 14 days after last
dose of study treatment are excluded.
2: ULN = upper limit of normal.
: Total n is the number of subjects in the safety population with at least one post-baseline value.
This is the denominator for percentages in parentheses.
4: Baseline is Study 301 Year 1 Baseline for subjects previously treated with BIIBO17, and Study 301
Year 2 Baseline for subjects previously treated with placebo, during Study 301 Year 1.
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BIIB017 125 (mcg) ST

Svery 4 wesks Svery 2 wesks Total
ast
Total n 719 (100) 728 (100) 1447 (100)
<=1 xumn sis (76) 54 (e2) 1003 ( 69)
>1 xuiy 170 ( 24) 274 ( 38) 458 (31)
>=3 %yt 20 (3 2 (3 2003
>5 xuzy 7 (<1 0y 701
>10 xumn s (<1 3 (< e (<1
520 xumy 3 (<) 1<) 4 (<)
Toral Bilirubin
Total o 719 (100) 728 (100) 1447 (100)
<=1 xuLy 52 (91) 66 (91) 1318 ( 91)
>1 xuzy (9 & (9 125 (9
>1.5 xumn 16 2) 20 3 703
52 xony 5 (<1) & (<) o (<)
ALT/AST >=3 XULN by
Slevated total bilirubin
defined as
Total n 719 (100) 728 (100) 1447 (100)
>1.5 oy 3 (< 2 (< 5 (<1
>2"xun 2 (<) o 2 (<)
ALT/AST >=3 XULN by
concurrently elevated total
bilirubin defined as
Total n 719 (100) 728 (100) 1447 (100)
>1.5 xumy 3 (< 1 (< & (<1
>2"xun 1 o 1<)

T For subjects who switched to alternative NS medications, data after switch and 18 days after last
dose of study treatment are sxcluded.
ULN = upper limit of normal.

: Total n is the number of subjects in the safety population with at least one post-baseline valus.
This is the dencminator for percentages in parentheses
Baseline is Study 301 Year 1 Baseline for subjects previcusly treated with BIIBO17, and Study 301
Year 2 Baseline for subjects previously treated with placsbo, during Study 301 Year 1.
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Table 370:  Summary of Shifts From Baseline — Kidney Function and Other Blood Chemistry — Year 1

Summary of shifts from baseline - kidney function and other blood chemistry - Year 1

BITB017 125 (meg) SC

Placebo
Every & wecks Every 2 weeks

Laboratory Shift to Shift to shift to Shift to Shift to Shift to

Parameters Low (a) High (b) Zow (a) High (b) Low (a) High (b)

BUN/urea 1/498(<1) 18/497( 4)  0/4%¢ 10/494( 2)  1/507(<1) 14/504( 3)
Creatinine 2/495(<1) 13/499(3)  0/4%¢ 11/456( 2)  1/507(<1) 13/505( 3)
Bicarbonate 20/456( 6) 1/499(<1)  26/492( 5) 0/4%€ 21/504( 4) 1/504 (<1)
Sodium 1/459(<1) 40/497( 8)  1/4%6(<1) 31/494( 6)  2/506(<1) 41/503( 8)
Potassium 5/457( 1) 26/497(5)  7/492( 1) 16/493(3)  5/502(<1) 17/506( 3)
Chloride 1/498(<1) €/499( 1)  3/496(<1) 2/496(<1)  4/506(<1) 3/507 (<1)
Glucose 4€/491( 9)  123/472(26)  55/489(11)  117/474(25)  59/496(12)  111/476(23)
TsH 13/470( 3) 19/481( 4)  25/463( 5) 14/4€9( 3)  27/474( €) 31/480( 6)

NOTE 1: For subjects who switched to alternative MS medications, data after switch and 14 days after last
dose of study treatment are excluded.

©

Entrics arc number low (or high)/number at risk. Number at risk for shift to low (or high) is the

number of subjects whose bascline value was not low (or high) and who had at least one post-
bascline value. Numbers in parentheses are percentages based on number at risk.

(a) Shift to low includes normal to low, high to low,
(5) Shift to high includes normal to high,

low to high,

and unknown to low.
and unknown to high.
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Table 254:  Summary Of Shifts From Baseline - Kidney Function And Other Blood Chemistry — Overall BIIB017
Experience - Data After Subjects Switched To Alternative MS Medications Are Included

Summary of shifts from baseline - kidney function and other blood chemistry - Overall BIIBO17 experience -
data after subjects switched to alternative MS medications are included

BIIBO17 125 (mcg) SC

Every 4 weeks Every 2 weeks
Laboratory Shift to Shift to shift to Shift to
Parameters Low (a) High (b) Low (a) High (b)
BUN/urea 1/718(<1) 30/713( 4) 2/727 (<1) 32/724( 4)
Creatinine 0/719 23/718( 3) 3/728 (<1) 26/724( 4)
Bicarbonate 46/711( 6) €/719 (<1) 36/719( 5) 2/725(<1)
sodium 4/718 (<1) 82/710 (12) 3/727(<1) 98/724 (14)
Potassium 17/715( 2) 40/716( 6) 10/723( 1) 38/726( 5)
Chloride 5/718 (<1) 5/718 (<1) 6/727 (<1) 9/728( 1)
Glucose 104/709 (15) 241/684(35) 109/714(15) 233/680(34)
TSH 46/€50( 7) 30/654( 5) 51/657( 8) 52/662( 8)

NOTE 1: Data after subjects switched to alternative MS medications and 14 days after last dose of study
treatment are included.

Entries are number low (or high)/number at risk. Number at risk for shift to low (or high) is the
number of subjects whose baseline value was not low (or high) and who had at least one post-
baseline value. Numbers in parentheses are percentages based on number at risk.

Baseline is Study 301 Year 1 Baseline for subjects previously treated with BIIB017, and Study 301
Year 2 Baseline for subjects previously treated with placebo, during Study 301 Year 1.

(a) Shift to low includes normal to low, high to low, and unknown to low.

(b) Shift to high includes normal to high, low to high, and unknown to high.
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Figure 17:  Hematology Parameters — Mean Values (:SE) Over Time — Year 1

Hematology parameters- mean values (+/- SE) over time - Year 1
Lab test: WBC (x10°9 /L)
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Table 6:  Summary of Potentially Clinically Significant Laboratory Abnormalities in
WBC, Platelets, and RBC during Year 1

Laboratory parameter / | Placebo | BIIB017 125 pg | BIIB017 125 pg

Criterion (=499) every 4 weeks | every 2 weeks
(n=496) (0=507)

WBC, n (%)

<3x10°/L 5(1) 21(4) 340

Lymphocytes, n (%)

<05x10°L 0 1(<1) 2(<1)

PMN, n (%)

<10x10°L 2(<1) 5(1) 5(<1)

Platelets

<100x 10°L 3(<1) 1(<1) 6(1)

RBC

<33x10%L 1(<1) 1(<1) 2(<1)

Source: Module 2.7 4, Summary of Clinical Safety. Section 3 1.1 and 3.12. PMN = polymorphonucleocytes




image81.png
BIIBO17 125 (meg) SC

pr— Criterion  Placsbo
Sazameters Sviry 4 wasks Every 2 wasks | Toral
Number of subjects in safecy s00 s00 s12 1012
population
mBC (total) (x10°9/5) 495 (100) 456 (200) 507 (100) 1003 (100)
s (1 24 R 55 (%)
210 PR FEE) 21 ¢ 3
Lymphocytes (x10%3/%) Totaln 455 (100) 456 (100) 507 (100) 1003 (100)
<o.e 17 (9 200 4 2709 709
<ols o 1 (<) 2 (<1 3 (<)
>12 ° o o °
Segmented Neutzephils Totaln 453 (100) 456 (200) 507 (100) 1003 (100)
(x10%9/2)
2 (< sy s (<1 10 (<)
15 (3 24 (05 (9 ERE
B 210 4 €3 ERER
Total absclute neutzophils  Total n 499 (100) 456 (100) 507 (1000 1003 (100)
(x10%9/2)
2 (<n sy 5 (<1 10 (<)
FEREEY 26 ( 5) s 009 R
R 21 4 163 LR
R8C (x10%12/2) 455 (100) 436 (100) 507 (100) 1003 (100)
1 (<) 1 (<) 2 (<) 3 (<)
10<n 1) o 1<)
Hemoglobin (3/%) 495 (200) 456 (100) 507 (100) 1003 (100)
20 170 3 PR 333
Plateler count (x1075/Z) Totaln 495 (100) 455 (100) 506 (100) 1001 (100)
3 (< 1<) PR 7<)
2 (<1 1<) 1< 2 (<)

NOTE 1: Fox subjects who switched to altermative N3 medications, data after switch and 14 days

dose of study trestment are sxcludsd.

This is the dencminator for percentages in parentheses.

SEter last

Total n is the number of subjects in the safety population with at least cne post-baseline valus.
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BI18017 125 (meg) ¢

Placene
Tvery 4 weeke Every 2 weers
Zaboratory SRife to Shife o SRife to Shife o SiE e Shife o
Fazameters zow (a) High (5) zow (a) igh (5) zow (a) igh (5)
e 43/486( ) 117/481(24)  T/483(15)  S2/478(11) 116/497(23)  70/489(14)
P 857465 (15) 3/457(51) 1137468 (24) 1/454(<1)  116/466(25) 2/506(<1)
Hemoglobin s7/464(12) 2/457(<1)  65/472(14) 3/4s5(<1)  85/475(13) 17507 (<1)
Hemacocric 357452( 7) €/453( 1)  44/450( %) 11/454(2)  €3/457(14) 2/503(<1)
Slacelecs 11/453(2)  S2/488(11)  28/433( 6)  46/474(10) 43/505( %) 45/436(10)
wac aifferencial
sbsoluce valus
Lysphecytes 28/451( 6)  21/435(4)  35/431( 1) /453 1) 46/497( 5) 5/506(<1)
Segmented 47/485(10)  130/474(27)  71/480(15)  73/477(15) 111/501(22)  89/491(18)
neutzophils
Total sbsoluce 47/489(10)  130/474(27)  T1/480(15)  73/477(15) 111/501(22)  89/491(18)
neutzophils
Henocy B/857(2)  22/497(4)  1e/434(3)  17/452(03)  18/503(4)  14/305( 3)
Eosinophils S/453( 2) 2174510 4) 15/502( 3)
2asophils 1e/435( 3) /4560 1) €/503( 1)
WBC aiffersncial
percentage
Lymphocytes 75/485(15)  28/453( €)  €3/482(13)  28/434( 6)  73/438(15)  32/456( €)
Segmented 28/458( 6)  105/457(26) 36/495(7)  106/470(23) 38/S02( 8)  103/478(22)
neutzophils
Monocytes 42/489(9)  44/450(5)  42/452( %) 65/431(14) 27/435(5)  74/503(15)
Eosinophils 12/452( 4) 32/488( 7) /4550 €)
Basophils se/482012) s51/487(20) 47/482(10)

otz

dose of study trestment are sxcluded.
2: Entries aze number low (of high) /number at risk. Number at risk for shife to low (of high) is the
not low (ox high) and who had at least one post-

number of subjects whose baseline value wi

Baseline

(8) Shift to low includes normal to low, high to low, and unknown to low.

(5) Shift to high includes normal to high,

low to high, and unknown to high.

lu. Nusbars in parentheses are parcentages based on numbar at risk.

+ For subjects who switched to altermative N3 medications, data after switch and 14 days after last
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BITBO17 125 (meg) SC

Laboratory
Parameters criterion Every 4 wesks Every 2 weers Total
Nusber of subjects in 228 740 1468
safety population
WBC (total) (x10%9/1) Total n 719 (100) 728 (100) 1447 (100)
<0 e 6 (9 105 (7
>=le 21 (3) 23 (3) 4 (3
Lymphocytes (x10°8/1)  Total 719 (100) 728 (100) 1467 (200)
<0.8 0 (6 55 (9 95 (1)
<0.5 Rt s (<1 5 (<1
>12 o o °
Segmented Newtrophils  Total n 719 (200) 728 (100) 1447 (200)
(x10%9/2)
<=1 00y 001 20 (1)
s 53(7) 78 (11) 1831 (9
>=12 € (9 28 (4 ]
Total absolute 719 (100) 728 (100) 1447 (100)
neutrophils (x10%9/L)
10 (1 10 (1 20 (1)
5307 77 an 130 (9
3€ (9 R G (4
REC (x10%12/%) 719 (200) 728 (100) 1447 (100)
3 (<) 4 (<1 7 (<1)
1<) o 1<)
Hemoglobin (/L) 719 (100) 728 (100) 1447 (100)
33 (9 3 (9 73 (5)
Platelet count (x10°9/%) 718 (200) 728 (100) 1446 (100)
5 (<1) 132 18 (1)
5 (<) 4 (<D s (<1)

Ti For subjacts who switched fo altarnative NS medicaticons, data afier switch and 14 days affer last
dose of study crestment are sxcluded.

Total n is the number of subjects in the safety population with at least one post-baseline value.

This is the denominator for percentages in parentheses.
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BIIBO17 125 (meg) SC

Svery 4 weeks Svery 2 weeks
Laboratory Shife o Shift to it o Shift ©o
Parameters Low (a) igh (b) Low (a) Righ (b)
wae 130/701(19) 119/685017)  202/713(28) 124/702 (18)
Rec 213/671(32) 3/716(<1)  215/665(32) 47727 (<1)
Hemoglobin 137/682(20) S/718(<1) 1797676 (26) 4/728 (<)
Hematocrit 56/705 (14) /T2 133/709(19) 5/722( 1)
Platelets 45/715( 1) s2/685(12)  73/725(10) 75/696 (11)
WBC differential absoluts value
Zymphocytes 70/713(10) 13/71602)  98/717(14) 12/724( 2)
Segmented neutrophils 138/697(20) 158/679(23)  191/716(27) 161/699(23)
Total absoluts neutrophils 138/697(20) 158/679(23)  191/716(27) 161/699(23)
Monocytes 32/7117( ) 38/734(5)  30/724( 4) 32/724( 4)
Sosinophils 32/712( %) 23/722( 3)
Basophils 117160 2) 71722 (<1)
WEC differential percentage
Lymphocytes 129/697 (1) s8/712(8)  133/713(19) 57/711( 8)
Sagmented neutrophils s6/714( ) 195/674(29)  68/718( 9) 179/687 (26)
Monocytes 80/712(11) 112/70016)  S3/7117( 1) 155/723(21)
Eosinophils €2/708( 9) s0/714( 7)
Basophils 87/70412) 74/696 (1)

§OTE 17 For subjacts whe switched to altermative NS medications, data sfter switch and 14 days affer Last
dose of study treatment are excluded.
Encries are number low (or high) /number at risk. Number at risk for shift to low (or high) is the
number of subjects whose baseline value was not low (or high) and who had at least one post-
baseline value. Nurbers in parentheses are percentages based on number at risk.
3: Baseline is Study 301 Year 1 Bassline for subjects previously treated with BITBO17, and Study 301
vear 2 Bassline for subjects previcusly traated with placebo, during Study 301 Year L.
(a) Shifc to low includes normal to low, high to low, and unknown to low.
(b) Shifc to high includes normal to high, low to high, and unknown to high.
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8118017 125 (mcg) ¢

Slacebs
Teery @ weeks | Every 2 weews Total
Number of subjects in safety population 00 500 s12 1012
IN neucralizing antibody posicive any  2/450 (<1)  2/4s1 ( <1) /488 (<1 € 575 (<1
time post baseline and within week 42
Fersistent positive 1450 (<) osasy /488 (<1 1/ 979 (<1
Transient positive 1450 (<) 2/41 (<n) 37488 (<1 s/ 979 (<1
Zow titer level 1850 (<) 17431 (<) a/az8 (<1 5/ 979 (<1
Medium titer level 1450 (<) /431 (<) o748 1/ 575 ( <1)
High titer level o/4s0 07451 /48 o 575
Anti-PEG antibody positive any time 24/454 (5)  43/46s (%) 3L () 74/ 536 (8)
Post bassline and within week 48
sersistent positive /454 (1) 25/4€s (5)  10/471 ( 2) 35/ 53 ( 4)
Transient pesitive 18454 ( 4)  esaEs (&) 21/471 (&) 39/ 936 ( 4)
Zow vier level B/ase (2)  2s/4es (5)  13/471 (&) 43/ 93 (5)
Medium titer level /454 (2)  e/4es (1) S/471 (1) 11/ 536 ( 1)
High titer level /44 2/465 ( <1) osan1 2/ 936 (<)
IEN binding antibody positive any time  12/482 ( 2)  20/485 ( 4)  38/480 ( &) 58/ %65 ( &)
post baseline and within week 48
Persistent positive 1852 (<1)  4/ess (<1 18/420 ( &) 22/ %65 ( 2)
Transient positive 117482 ( 2) 16485 ( 3)  20/480 ( 4) 36/ 565 ( 4)

NOTE 1: Entries are number of amtibody positive/number at risk. Number at risk is the number of subjects
whose baseline antibedy was net positive and who had at least cne antibody value for any time po
baseline and within wesk 43. Numbars in parentheses are percentages bassd on number at risk.

Fersistent positive is defined as 2 consecutive positive evalustions cccurred with >=74 days apart

x a positive svaluation at che final assessment with no further samples svailsble; otherwise it is

defined as transient positiva.

3: Zow titer level is <=S0 for IFN neutralizing and <=100 for Anti-PEG; medium titer level is >S50 to
<2700 for ImN meutralizing and >100 to <300 for Anti-PEG; high titer level is 700 for IFN
neutralizing snd 52200 for Anti-PEs.

4: Results with positive-oNs (quantity not sufficient) and positive-iND (viter not determined) are
treated as positive with missing titer level. They are accounted in persistent/transient positive
categories but not accounted in low/medium/high titer level categories.
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BIIB017 125 (meg) SC

Every 4 wesks Every 2 wesks Total

Number of subjects in safety population 728 740 1868
IEN neutralizing antibody positive any sres2 ( <1) s/678 ( <1) 10/1360 (<1 )
time post bassline and during the study

Persistent positive eez (<) 47678 (<) 5/1360 (<1 )
Transient positive ares2 (<1) /€78 (<1) 5/1360 (<1 )
Low titer level /682 ( <1) a/e78 (<) 7/1360 (<1 )
Medium titer level 2/682 ( <1) 07678 2/1360 (<1 )
High titer level oresz /€78 /1360
Anti-PEG antibody positive any time post  S1/644 ( ©) s1/646 () 92/1290 ( 7))
baseline and during the study

Persistent positive 387684 (%) 177686 (3 51/1290 (4
Tzansient positive 17644 (3 24/646 () 4171250 ( 3)
Low titer level 27/684 () 23/646 ( 4) 5071290 ( 4 )
Medium titer level s/ess (1) ereae ( <1) 1871290 ( 1)
Bigh titer level 2/688 (<) 1686 ( <1) 3/1280 (<1)
IN binding antibody positive any ime  29/672 ( 4) s6/ees (1) 75/1341 (6 )
post baseline and during the study

Persistent positive 137672 ( 2) 237669 (3 36/1381 ( 3)
Transient positive 167672 ( 2) 237669 ( 3) 35/1341 ( 3)

T Entries are number of antibody positive/number at Tisk. Namber at risk is the number of subjects
whose baseline antibody was not positive and who had at least one antibody value for any time post
baseline and during the study. Numbers in parentheses are percentages based on number at risk.
Bassline is Study 301 Year 1 Baseline for subjacts pravicusly treated with BIIB017, and Study 301
Year 2 Baseline for subjects previously treated with placebo, during Study 301 Year 1.

ersistent positive is defined as 2 consecutive positive evaluations occurred with >=74 days apart
or a positive evaluation at the final assessment with no further samples available: ctherwise it is
defined as transient positive.

Low titer level is <=$0 for IFN neutralizing and <=100 for Anti-PEG; medium titer level is >S0 to
<=700 for IFN neutralizing and >100 to <800 for Anti-PEG; high titer level is >700 for IFN
neutralizing and >=300 for Anti-PEG.

Results with positive-ONS (quantity not sufficient) and positive-TND (titer not determined) are
treated as positive with missing titer level. They are accounted in persistent/transient positive
categoriss but not accountsd in low/medium/high titer level categoriss.
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Table 382:  Summary of Shifts From Baseline - Urinalysis - Year 1

Summary of shifts from baseline - urinalysis - Year 1

BITB017 125 (meg) SC

Placebo
Every & wecks Every 2 weeks

Laboratory Shift to Low Shift to Shift to Low Shift to Shift to Low Shift to

Parameters (2) High/Pes (b) (a) High/Pos (B) (a) High/Pos (b)
Urine specific gravity = 2/493(<1) 4/492(<1)  3/486(<1) 9/487( 2)  3/495(<1) 7/497( 1)
Urine pH /436 1/496(<1)  0/489 1/485(<1)  0/497 2/497 (<1)
Urine color 54/480(11) 20/477( 8) 4€/475 (10)
Urine blood 125/454 (28) 103/441(23) 77/446(17)
Urine glucose 15/488( 4) 22/482( 5) 10/451( 2)
Urine ketones €9/473(15) 53/472(11) 59/485(12)
Urine protein 234/368 (64) 207/367 (56) 203/356(57)
Urine RBC 81/348(23) 75/315 (24) 48/295(16)
Urine WBC 75/423 (18) 57/403(14) €5/406 (16)
Urine bilirubin /496 0/485 0/497

Urine nitrite 36/475( 8) 37/465( 8) 36/472( 8)
Urine urcbilinogen 4/495 (<1) 8/483( 2) 5/496( 1)

NOTE 1: For subjects who switched to alternative MS medications, data after switch and 14 days after last

dose of study treatment are cxcluded

Entrics arc number low (or high/positive)/number at risk. Number at risk for shift to low (or high/

positive) is the number of subjects whose bascline value was not low (or high/positive) and who had

at least one post-bascline value. Numbers in parentheses are percentages based on number at risk.

(a) shift to low includes normal to low, high to low, and unknown to low.

(b) Shift to high/pesitive includes normal to high/positive, low to high/positive, negative to high/
positive, and unknown to high/pesitive.

abbreviation: Pos=Positive.
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