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April 24, 2015

idaho Medicaid Pharmacy & Therapeutics Committee
Attention: Tami Eide, Pharm.D.

3232 Elder Street

Boise, Idaho 83705

Dear Dr. Eide,

Thank you for your recent unsolicited request for medical information regarding PLEGRIDY®
{peginterferon beta-1a) injection.

PLEGRIDY is an interferon beta indicated for the treatment of patients with relapsing forms of
mulltiple sclerosis.

This information Is provided as an educational resource for healthcare providers in
response to an unsolicited request and should be considered current as of the date listed
herein. It is not intended to be a substitute for consultation and review of reference
materials and medical literature pertaining to individual clinical circumstances. Healthcare
providers should make all treatment decisions based on the context of the situation and
thelr clinical judgment.

in response to your ihquiw, the following information is being provided:
« PLEGRIDY® (peginterferon beta-1a) injection: Summary of Kieseier Mult Scler 2014

Additionally, in response to your inquiry, Biogen is providing you access to published articles
and/or Bicgen sponsored posters.

The published articles have been copyright cleared for your individual use only. Any
further dissemination would require additional copyright by you or your arganization.
Because of copyright regulations, these articles should be printed and the electronic file
should be deleted. Please note that Biogen may be required to report the transfer of value
for a reprint to the Centers for Medicare and Medicaid Services (CMS) as required by the

For Your Professional Use Only - Please Do Not Copy, Medify of Disseminate




Federal Physician Payments Sunshine Act. For more information on the Sunshine Act,

please visit http:/lcms.gov or e-mail sunshine@biogen.com_ or call 1-866-392-4321.

Please find your requested information included in the following manner:
+ Attached Articles as PDF Documents:
o Kieseier BC, Arnold DL, Balcer LJ, et al. Peginterferon beta-1a in multiple
sclerosis: 2-year results from ADVANCE. Muff Scler. 2014 Nov 28.

Summary of Prescribing Information: Multiple Sclerosis
Please click here: https://imedinfo.biogen.com/medinfo/pdifsecure/pifPLEGRIDY -pi.pdf for the full

prescribing information or see the appended full prescribing information

Contact Information

We hope vou find this information helpful. If you have further questions, please contact Medical
Information at 866-MED-INFO (866-833-4636), by email at medinfo@biogen.com, or visit our
website at https://medinfo.biogen.com.

If this inquiry is related to a suspected adverse event in a specific patient receiving a Biogen
product, please contact our Drug Safety and Risk Management department as soon as possible
at 800-456-2255 to report relevant details about the event, if you have not done so already.

Sincersly,

Medical Information

Additional Enclosures Attached:
¢ PLEGRIDY Prescribing Information

+ Medical Information Feedback Form

For Your Professional Use Only - Please Do Not Copy, Madify or Disseminate




HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not inelude all the information needed to use
PLEGRIDY™ safely and effectively. See full prescribing information for
PLEGRIDY,

PLEGRIDY (peginterferon beta-Ia) injection, for subcutaneous injection
Initial U.S, Approval: 2014 .

INDICATIONS AND USAGE
PLEGRIDY is an interferon beta indicated for the treatment of patients with
relapsing forms of multiple sclerosis (1)

DOSAGE AND ADMINISTRATION

. For subcutaneous use only (2.1)

. Recommended dose: 125 micrograms every 14 days (2.1}

. PLEGRIDY dose should be titrated, starting with 63 micrograms on day
1, 94 micrograms on day 15, and E25 micrograms (full dose) on day 29
@10

e A healthcare professional should train patients in the proper technique
for s¢lf-administering subeutaneous injections using the prefilled pen or
syringe (2.2}

. Analgesics andfor antipyretics on treatment days may help ameliorate
fu-like symploms (2.3)

DOSAGE FORMS AND STRENGTHS

+  Injection: 125 mierograms per 0.5 mL solution in a single-dose prefilled
pen (3)

s Injection Starter Pack: 63 micrograms per 0.5 mL solution in a single-
dose prefilled pen and 94 micrograms per 0.5 mL solution in a single-
dose prefilled pen (3)

¢ TInjection: 125 micrograms per 0.5 mL solution in 4 single-dose prefilled
syringe (3)

» Injection Starter Pack: 63 micrograms per 0.5 mL solution in a single-
dose prefilled syringe and 94 micrograms per 0.5 mL solution ina
single-dose prefilled syringe (3)

CONTRAINDICATIONS
History of hypersensitivity to natural or recombinant interferon beta or
peginterferon, or any other component of the formulation (4)

WARNINGS AND PRECAUTIONS

e Hepatic injury: monitor liver function tests, monitor patients for signs
and symptoms of hepatic injury; consider discontinuation of
PLEGRIDY if hepatic injury occurs (5.1)

s Depression and suicide: advise patients to report immediately any
symptom of depression or suicidal ideation to their healtheate provider,
consider discontinuation of PLEGRIDY if depression cccurs (5.2)

¢ Seizure: Seizures are associated with the use of interferon beta. Exercise
caution when administering PLEGRIDY 1o patients with a seizure
disorder {5.3)

s Anaphylaxis and other allergic reactions: serious allergic reactions have
been reported as a rare complication of treatment with interferon beta.
Discontinue PLEGRIDY if a serious allergic reaction oceurs (5.4)

¢ Injection site reactions: change injection site or consider discontinuation
of PLEGRIDY if there is necrosis {5.5)

s Congestive heart faifure: monitor patients with pre-existing significant
cardiac disease for worsening of cardiac symptoms (3.6}

e Decreased peripheral blood counts; monitor complete blood counts (3.7}

e Autoimmune disorders: consider discontinuation of PLEGRIDY ifa
new autoimmune diserder occurs {5.8)

ADVERSE REACTIONS
The most common adverse reactions {incidence >10% and at least 2% more

frequent on PELEGRIDY than on placebo) were injection site erythema,

influenza-like illness, pyrexia, headache, myalgia, chills, injection site patn,
asthenia, injection site pruritus, and arthralgia (6.1)

To report SUSPECTED ADVERSE REACTIONS, contact Biogen Idec at
1-808-456-2255 or FDA at 1-800-FDA-1038 or www.fda.gov/medwatch.

USE IN SPECIFIC POPULATIONS
¢ Pregnancy: based on animal data, may cause fetal harm (8.1)
+  Severe Renal Impairment; moniter for adverse reactions (8.6)

See 17 for PATIENT COUNSELING INFORMATION and Medication
Guide

Revised: 08/2014
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FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE

PLEGRIDY (peginterferon beta-1a) is indicated for the treatment of patients with relapsing
forms of multiple sclerosis.

2 DOSAGE AND ADMINISTRATION

2.1 Dosing Information

PLEGRIDY is administered subcutaneously.

The recommended dosage of PLEGRIDY is 125 micrograms injected subcutaneously every 14
days. .
Treatment initiation

Patients should start treatment with 63 micrograms on day 1. On day 15 (14 days later), the dose
is increased to 94 micrograms, reaching the full dose of 125 micrograms on day 29 (after another
14 days). Patients continue with the full dose (125 micrograms) every 14 days thereafter (see

Table 1). A PLEGRIDY Starter Pack is available containing two prefilled pens or syringes: 63
micrograms (dose 1) and 94 micrograms (dose 2).

Table 1: Schedule for Dose Titration
Dose Time* Amount (micrograms) Color of Pen or
Syringe Label
Dose 1 On day 1 63 Orange
Dose 2 On day 15 94 : Blue
Dose 3 On day 29 and every 14 125 (full dose) Grey
days thereafter
*Dosed every 14 days
2.2 Important Administration Instructions (All Dosage Forms)

Healthcare professionals should train patients in the proper technique for self-administering
subcutaneous injections using the prefilled pen or syringe. Patients should be advised to rotate
sites for subcutaneous injections. The usual sites for subcutaneous injections are abdomen, back
of the upper arm, and thigh.

Each PLEGRIDY pen and syringe is provided with the needle pre-attached. Prefilled pens and
syringes are for a single dose only and should be discarded after use.




23 Premedication for Flu-like Symptoms

Prophylactic and concurrent use of analgesics and/or antipyretics may prevent or ameliorate flu-
like symptoms sometimes experienced during treatment with PLEGRIDY.

3 DOSAGE FORMS AND STRENGTHS
Pen

+ Injection: 125 micrograms of PLEGRIDY per 0.5 mL of sotution in a single-dose prefilled
pen

o Injection: Starter Pack containing 63 micrograms per 0.5 mL of solution in a single-dose
prefilled pen and 94 micrograms per 0.5 mL solution in a single-dose prefilled pen

Prefilled Syringe

¢ Injection: 125 micrograms of PLEGRIDY per 0.5 mL of solution in a single-dose prefilled
syringe

e Injection: Starter Pack containing 63 micrograms per 0.5 mL of solution in a single-dose
prefilled syringe and 94 micrograms per 0.5 mL of solution in a single-dose prefilled syringe

4 CONTRAINDICATIONS

PLEGRIDY is contraindicated in patients with a history of hypersensitivity to natural or
recombinant interferon beta or peginterferon, or any other component of the formulation [see
Warnings and Precautions (5.4)].

5  WARNINGS AND PRECAUTIONS

5.1 Hepatic Injury

Severe hepatic injury, including hepatitis, autoimmune hepatitis, and rare cases of severe hepatic
failure, have been reported with interferon beta. Asymptomatic elevation of hepatic
transaminases has also been reported, and in some patients has recurred upon rechallenge with
interferon beta,

Elevations in hepatic enzymes and hepatic injury have been observed with the use of
PLEGRIDY in clinical studies. The incidence of increases in hepatic transaminases was greater
in patients taking PLEGRIDY than in those taking placebo. The incidence of ¢levations of
alanine aminotransferase above 5 times the upper limit of normal was 1% in placebo-treated
patients and 2% in PLEGRIDY-treated patients. The incidence of elevations of aspartate
aminotransferase above 5 times the upper limit of normal was less than 1% in placebo-treated
patients and less than 1% in PLEGRIDY -treated patients. Elevations of serum hepatic




transaminases combined with elevated bilirubin occurred in 2 patients. Both cases resolved
following discontinuation of PLEGRIDY.

Monitor patients for signs and symptoms of hepatic injury.

5.2 Depression and Suicide

Depression, suicidal ideation, and suicide occur more frequently in patients receiving interferon
beta than in patients receiving placebo. ‘

Tn clinical studies, the overall incidence of adverse events related to depression and suicidal
ideation in multiple sclerosis patients was 8% in both the PLEGRIDY and placebo groups. The
incidence of serious events related to depression and suicidal ideation was similar and less than
1% in both groups.

Advise patients to report immediately any symptom of depression or suicidal ideation to their
healthcare provider. If a patient develops depression or other severe psychiatric symptoms,
consider stopping treatment with PLEGRIDY,

5.3 Seizures
Seizures are associated with the use of interferon beta.

The incidence of seizures in multiple sclerosis clinical studies was less than 1% in patients
receiving PLEGRIDY and placebo.

Exercise caution when administering PLEGRIDY to patients with a seizure disorder.

5.4 Anaphylaxis and Other Allergic Reactions

Anaphylaxis and other serious allergic reactions are rare complications of treatment with
interferon beta.

Less than 1% of PLEGRIDY -treated patients experienced a serious allergic reaction such as
angioedema or urticaria. Those who did have serious allergic reactions recovered promptly after
treatment with antihistamines or corticosteroids.

Discontinue PLEGRIDY if a serious allergic reaction occurs.

5.5 Injection Site Reactions

Injection site reactions, including injection site necrosis, can occur with the use of subcutaneous
interferon beta.

In clinical studies, the incidence of injection site reactions (¢.g., injection site erythema, pain,
pruritus, or edema) was 66% in the PLEGRIDY group and 11% in the piacebo group; the
incidence of severe injection site reactions was 3% in the PLEGRIDY group and 0% in the
placebo group. One patient out of 1468 patients who received PLEGRIDY in clinical studies
experienced injection site necrosis. The injury resolved with standard medical treatment.

Decisions to discontinue therapy following necrosis at a single injection site should be based on
the extent of the necrosis. For patients who continue therapy with PLEGRIDY after injection




site necrosis has occurred, avoid administration of PLEGRIDY near the affected area until it is
fully healed. If multiple lesions occur, discontinue PLEGRIDY untii healing occurs.

5.6 Congestive Heart Failure

Congestive heart failure, cardiomyopathy, and cardiomyopathy with congestive heart failure
occur in patients receiving interferon beta.

In clinical studies, the incidence of cardiovascular events was 7% in both PLEGRIDY and
placebo treatment groups. No serious cardiovascular events were reported in the PLEGRIDY

group.
Monitor patients with significant cardiac disease for worsening of their cardiac condition during
initiation and continuation of treatment with PLEGRIDY.

5.7 Decreased Peripheral Blood Counts

Interferon beta can cause decreased peripheral blood counts in all cell lines, including rare
instances of pancytopenia and severe thrombocytopenia.

In clinical studies, decreases in white blood cell counts below 3.0 x 10°/L occutred in 7% of
patients receiving PLEGRIDY and in 1% receiving placebo. There is no apparent association
between decreases in white blood cell counts and an increased risk of infections or serious
infections. The incidence of clinically significant decreases in lymphocyte counts (below 0.5 x
10°/L), neutrophil counts (below 1.0 x 10°/L), and platelet counts (below 100 x 10°/L) were all
less than 1% and similar in both placebo and PLEGRIDY groups. Two serious cases were
reported in patients treated with PLEGRIDY: one patient (less than 1%) experienced severe
thrombocytopenia (defined as a platelet count less than or equal to 10 x 10°/L), and another
patient (less than 1%) experienced severe neutropenia (defined as a neutrophil count less than or
equal to 0.5 x 10°/L). In both patients, cell counts recovered after discontinuation of
PLEGRIDY, Compared to placebo, there were no significant differences in red blood cell counts
in patients treated with PLEGRIDY.

Monitor patients for infections, bleeding, and symptoms of anemia. Monitor complete blood cell
counts, differential white blood cell counts, and platelet counts during treatment with
PLEGRIDY. Patients with myclosuppression may require more intensive monitoring of blood
cell counts.

5.8 Autoimmune Disorders

Autoimmune disorders of multiple target organs including idiopathic thrombocytopenia, hyper-
and hypothyroidism, and autoimmune hepatitis have been reported with interferon beta.

In clinical studies, the incidence of autoimmune disorders was less than 1% in both PLEGRIDY
‘and placebo treatment groups.

If patients develop a new autoimmune disorder, consider stopping PLEGRIDY.




6 ADVERSE REACTIONS

The following serious adverse reactions are discussed in more detail in other sections of labeling:
o Hepatic Injury [see Warnings and Precautions (5.1))

s Depression and Suicide [see Warnings and Precautions (3.2)]

o Seizures [see Warnings and Precautions (5.3)]- _

¢ Anaphylaxis and Other Allergic Reactions [see Warnings and Precautions (5.4)]

o Injection Site Reactions [see Warnings and Precautions (3.5)]

o Congestive Heart Failure [see Warnings and Precautions (5.6)]

» Decreased Peripheral Blood Counts [see Warnings and Precautions (3.7)]

o Autoimmune Disordets [see Warnings and Precautions (5.8)}

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates
observed in the clinical trials of PLEGRIDY cannot be directly compared to rates in clinical
trials of other drugs and may not reflect the rates observed in practice.

In clinical studies (Study 1 and Study 2), a total of 1468 patients with relapsing multiple sclerosis
received PLEGRIDY for up to 177 weeks (41 months), with an overall exposure equivalent to
1932 person-years. A total of 1093 patients received at least 1 year, and 415 patients at least 2
years of treatment with PLEGRIDY. A total of 512 and 500 patients, respectively, received
PLEGRIDY 125 micrograms every 14 days or every 28 days during the placebo-controiled
phase of Study 1 (year 1). The experience in year 2 of Study 1 and in the 2-year safety extension
study (Study 2) was consistent with the experience in the 1-year placebo-controlled phase of
Study 1.

In the placebo-controlled phase of Study 1, the most common adverse drug reactions for
PLEGRIDY 125 micrograms subcutaneously every 14 days were injection site erythema,
influenza-like illness, pyrexia, headache, myalgia, chills, injection site pain, asthenia, injection
site pruritus, and arthralgia (all had incidence more than 10% and at least 2% more than
placebo). The most commonly reported adverse event leading to discontinuation in patients
treated with PLEGRIDY 125 micrograms subcutancously every 14 days was influenza-like
illness (in less than 1% of patients).

Table 2 summarizes adverse reactions reported over 48 weeks from patients treated in the
placebo-controlled phase of Study 1 who received subcutaneous PLEGRIDY 125 micrograms
(n=512), or placebo (n=500), every 14 days.




Table 2: Adverse reactions in the 48-week placebo-controlled phase of Study 1 with an
incidence 2% higher for PLEGRIDY than for placebo

PLEGRIDY Placebo
(N=512) (N=500)

% %
Nervous System Disorders
Headache 44 33
Gastrointestinal Disorders
Nausea 9 6
Vomiting 5 2
Musculoskeletal and Connective Tissue
Disorders
Myalgia 19 6
Arthralgia 11 7
General Disorders and Administration Site
Conditions
Injection site erythema 62 7
Influenza like illness 47 13
Pyrexia 45 15
Chills 17 5
Injection site pain 15 3
Asthenia : 13 8
Injection site pruritus 13 1
Hyperthermia 4 1
Pain 5 3
Injection site edema 3 0
Injection site warmth 3 0
Injection site hematoma 3 1
Injection site rash 2 0
Investigations
Body temperature increased 6 3
Alanine aminotransferase increased 6 3
Aspartate aminotransferase increased 4 2
Gamma-glutamyl-transferase increased 3 1
Skin and Subcutaneous Tissue Disorder
Pruritus , 4 _ 1




Immunogenicity

For therapeutic proteins, there is a potential for immunogenicity. In Study 1, fewer than 1% of
patients treated with PLEGRIDY every 14 days for 1 year developed neutralizing antibodics.
Approximately 7% of PLEGRIDY-treated patients developed antibodies to PEG.

The detection of antibody formation is highly dependent on the sensitivity and specificity of the
assay. Additionally, the observed incidence of antibody (including neutralizing antibody)
positivity in an assay may be influenced by several factors including assay methodology, sample
handling, timing of sample collection, concomitant medications, and underlying disease. For
these reasons, comparison of the incidence of antibodies to PLEGRIDY with the incidence of
antibodies to other products may be misleading.

Flu-Like Symptoms

Influenza-like iliness was experienced by 47% of patients receiving PLEGRIDY 125
micrograms every 14 days and 13% of patients receiving placebo. Fewer than 1% of
PLEGRIDY -treated patients in Study 1 discontinued treatment due to flu-like symptoms.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy
Pregnancy Category C

There are no adequate and well-controlled studies in pregnant women, PLEGRIDY should be
used during pregnancy only if the potential benefit justifies the potential risk to the fetus.

PLEGRIDY has not been tested for developmental toxicity in pregnant animals. Tn monkeys
given interferon beta by subcutaneous injection every other day during early pregnancy, no
teratogenic or other adverse effects on fetal development were observed. Abortifacient activity
was evident following 3 to 5 doses.

8.3 Nursing Mothers

It is not known whether this drug is excreted in human milk. Because many drugs are excreted
in human milk, caution should be exercised when PLEGRIDY is administered to a nursing
womarn.

8.4 Pediatric Use

Safety and effectiveness in pediatric patients have not been established.

8.5 Geriatric Use

Safety and effectiveness in geriatric patients have not been established.

8.6 Renal Impairment

Monitor for adverse reactions due to increased drug exposure in patients with severe renal
impairment [see Clinical Pharmacology (12.3)]. '




11 DESCRIPTION

PLEGRIDY (peginterferon beta-1a) is an interferon beta-1a to which a single, linear 20,000
dalton (Da) methoxy poly(ethyleneglycol)-O-2-methylpropionaldehyde molecule is covalently
attached to the alpha amino group of the N-terminal amino acid residue.

The interferon beta-1a portion of PLEGRIDY is produced as a glycosytated protein using
genetically-engineered Chinese hamster ovary cells into which the human interferon beta gene
has been introduced. The amino acid sequence of the recombinant interferon beta-1a is identical
to that of the human interferon beta counterpart. The molecular mass of PLEGRIDY is
approximately 44,000 Da, consistent with the mass of the protein (approximately 20,000 Da), the
carbohydrate moieties (approximately 2,500 Da), and the attached poly(ethylene glycol).
However, because of the extended and flexible nature of the attached poly(ethylene glycol)
chain, the apparent mass of PLEGRIDY in solution is greater than 300,000 Da. The more than
10-fold increase in apparent mass of PLEGRIDY compared to interferon beta-1a has been shown
to contribute to the reduced clearance in vivo,

PLEGRIDY 125 micrograms contains 125 micrograms of interferon beta-1a plus 125
micrograms of poly(ethylene glycol). Using the World Health Organization International
Standard for interferon beta, PLEGRIDY has a specific antiviral activity of approximately 100
million International Units (MTU) per mg of protein as determined using an in vitro cytopathic
effect assay. PLEGRIDY 125 micrograms contains approximately 12 MIU of antiviral activity.
PLEGRIDY contains no preservative.

11.1 PLEGRIDY PEN Single-Dose Prefilled Pen

PLEGRIDY PEN is composed of an autoinjector that surrounds a prefilled glass syringe
containing 0.5 mL of a sterile solution in water for injection of 63, 94, or 125 micrograms of
peginterferon beta-1a, 15.8 mg of L-arginine HCI, 0.79 mg of sodium acetate trihydrate, 0.25 mg
of glacial acetic acid, and 0.025 mg of polysorbate 20. The pH is approximately 4.8.

11.2 PLEGRIDY Single-Dose Prefilled Syringe

A prefilled syringe of PLEGRIDY for subcutaneous injection contains 0.5 mL of a sterile
solution in water for injection of 63, 94, or 125 micrograms of peginterferon beta-1a, 15.8 mg of
L-arginine HCI, 0.79 mg of sodium acetate trihydrate, 0.25 mg of glacial acetic acid, and 0.023
mg of polysorbate 20. The pHl is approximately 4.8.

12 CLINICAL PHARMACOLOGY

12.1  Mechanism of Action

The mechanism by which PLEGRIDY exets iis effects in patients with multiple sclerosis is
unknown.,

12.2 Pharmacodynamics

There is no biochemical or physiologic effect known to relate directly to the clinical effect of
PLEGRIDY.




12.3 Pharmacokinetics

After single-dose or multiple-dose subcutaneous administration of PLEGRIDY to healthy
subjects, serum PLEGRIDY peak concentration (Cra) and total exposure over time (area under
the cutve, or AUC) increased in proportion to doses from 63 to 188 micrograms, PLEGRIDY
did not accumulate in the serum after multiple doses of 125 micrograms every 14 days.
Pharmacokinetic parameters for PLEGRIDY, including Cyay and AUC, did not differ
significantly between healthy volunteers and multiple sclerosis patients or between single-dose
and multiple-dose administrations. However, the coefficient of variation between individual

patients for AUC, Cpax, and half-life was high (41% to 68%, 74% to 89%, and 45% to 93%,
respectively).

Absorption

After 125 microgram subcutaneous doses of PLEGRIDY in multiple sclerosis patients, the
maximum concentration occurred between 1 and 1.5 days, the mean Cpa was 280 pg/mL, and
the AUC over the 14 day dosing interval was 34.8 ng.hr/mL.

Distribution

In multiple sclerosis patients taking 125 microgram subcutancous doses of PLEGRIDY every 14
days, the estimated volume of distribution was 481 liters.

Metabolism and Elimination

Clearance mechanisms for PLEGRIDY include catabolism and excretion. The major pathway of
climination is renal. The half-life is approximately 78 hours in multiple sclerosis patients. The
mean steady state clearance of PLEGRIDY is approximately 4.1 L/hr. PLEGRIDY is not
extensively metabolized in the liver.

Specific Populations
Body weight, gender, and age do not require dosage adjustment,

Renal impairment can increase the Crax and AUC for PLEGRIDY. Results of a pharmacokinetic
study in patients with mild, moderate, and severe renal impairment (creatinine clearance 50 to
80, 30 to 50, and less than 30 mL/minute, respectively) showed increases above normal for Coux
of 27%, 26%, and 42%, and for AUC, increases of 30%, 40%, and 53%. The half-lifc was 53,
49, and 82 hours in patients with mild, moderate, and severe renal impairment, respectively,
compared to 54 hours in normal subjects.

In the same study, subjects with end stage renal disease requiring hemodialysis two or three
times weekly had AUC and Cpax of PLEGRIDY values that were similar to those of normal
controls. Each hemodialysis session removed approximately 24% of circulating PLEGRIDY
from the systemic circulation [see Use in Specific Populations (8.6)].

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis

10




The carcinogenic potential of PLEGRIDY has not been tested in animals.

Mutagenesis

PLEGRIDY was not mutagenic when tested in an in vifro bacterial reverse mutation (Ames) test
and was not clastogenic in an in vifro assay in human lymphocytes.

Impairment of Fertility

In monkeys administered interferon beta by subcutaneous injection over the course of one
menstrual cycle, menstrual irregularities, anovulation, and decreased serum progesterone levels
were observed. These effects were reversible after discontinuation of drug.

14 CLINICAL STUDIES

The efficacy of PLEGRIDY was demonstrated in the randomized, double-blind, and placebo-
controlied phase (year 1) of Study 1. The trial compared clinical and MR outcomes at 48 weeks
in patients who received PLEGRIDY 125 micrograms (n=512) or placebo (n=500) by the
subcutaneous route, once every 14 days.

Study 1 enrolled patients who had a baseline Expanded Disability Status Scale (EDSS) score
from 0 to 5, who had experienced at least 2 relapses within the previous three years, and had
experienced at least 1 relapse in the previous year. The trial excluded patients with progressive
forms of multiple sclerosis. The mean age of the study population was 37 years, the mean
discase duration was 3.6 yeats, and the mean EDSS score at baseline was 2.46, The majority of
the patients were women (71%).

The trial scheduled neurological evaluations at baseline, every 12 weeks, and at the time of a
suspected relapse. Brain MRI evaluations were scheduled at baseline, week 24, and week 48.

The primary outcome was the annualized relapse rate over 1 year. Secondary outcomes included
the proportion of patients relapsing, number of new or newly enlarging T2 hyperintense lesions,
and time to confirmed disability progression. Confirmed disability progression was defined as
follows: if the baseline EDSS score was 0, a sustained 12-week increase in EDSS scotre of 1.5
points was required; if the baseline EDSS score was greater than 0, a sustained 12-week increase
in EDSS score of 1 point was required. Table 3 and Figure 1 show the results of Study 1.
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Table 3: Clinical and MRI Results of Study 1

Endpoint PLEGRIDY Placebo p-value
125 micrograms
every 14 days
Clinical outcomes at 48 weeks N=512 =500
Annualized relapse rate 0.26 0.40 0.0007
Relative reduction _ 36%
Proportion of patients with relapses 0.19 0.29 0.0003
Relative risk reduction 3%% 7
Proportion of patients with disability progression 0.07 0.11 0.0383
Relative risk reduction 38%
MRI outcomes at 48 weeks N=457 N=476
Mean number of new or newly enlarging T2 3.6 10.9 <0.0001
hyperintense lesions
Relative reduction 67%
Mean number of Gd enhancing lesions 0.2 1.4 <(.0001
Relative reduction - 86%

12




Figure 1: Time to first relapse
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PLEGRIDY 512 458 414 389 318

PLEGRIDY 125 mcg every 14 days {n=512) versus placebo (n=500) Hazard Ratio (95% Cl1)=0.61(0.47, 0.80),
p=0.0003

16 HOW SUPPLIED/STORAGE AND HANDLING

PLEGRIDY is supplied as a sterile, clear liquid for subcutaneous injection in two presentations,
a prefilled pen and a prefilled syringe.

16.1 PLEGRIDY PEN Single-Dose Prefilled Pen

Each dose of PLEGRIDY is stored in a 1 mL capacity glass syringe with a rubber stopper and
rigid needle shield. A 29 gauge, 0.5 inch staked needle is pre-affixed to the syringe. A single
prefilled syringe contains 0.5 mL of solution of PLEGRIDY containing 63 micrograms, 94
micrograms, or 125 micrograms of peginterferon beta-la. The glass syringe is contained within
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a single-dose, disposable, injection device (prefilled pen). The following packaging
configurations are available:

e A carton containing two single-dose prefilled pens, each providing 125 micrograms of
PLEGRIDY. The NDC is 64406-011-01.

¢ A Starter Pack carton containing two single-dose prefilled pens; dose | provides 63
micrograms of PLEGRIDY, and dose 2 provides 94 micrograms of PLEGRIDY. The NDC
is 64406-012-01.

16.2 PLEGRIDY Single-Dose Prefilled Syringe

Fach dose of PLEGRIDY is stored in a 1 mL capacity glass syringe with a rubber stopper and
rigid needle shield. A 29 gauge, 0.5 inch staked needie is pre-affixed to the syringe. A single
prefilled syringe contains 0.5 mL of solution of PLEGRIDY containing 63 micrograms, 94
micrograms, ot 125 micrograms of peginterferon beta-1a. The following packaging
configurations are available:

e A carton containing two single-dose prefilled syringes, each providing 125 micrograms of
PLEGRIDY. The NDC is 64406-015-01.

o A Starter Pack carton containing two single-dose prefilled syringes; dose 1 provides 63
micrograms of PLEGRIDY, and dose 2 provides 94 micrograms of PLEGRIDY. The NDC
is 64406-016-01.

16.3 Storage and Handling
Store in the closed original carton to protect from light until ready for injection.

Store in a refrigerator between 2°C to 8°C (36°F to 46°F). Do not freeze. Discard if frozen.
Once removed from the refrigerator, PLEGRIDY should be allowed to warm to room
temperature (about 30 minutes) prior to injection. Do not use external heat sources such as hot
water to warm PLEGRIDY.

If refrigeration is unavailable, PLEGRIDY may be stored between 2°C to 25°C (36°F to 77°F)
for a period up to 30 days, protected from light. PLEGRIDY can be removed from, and returned
to, a refrigerator if necessary. The total combined time out of refrigeration, within a temperature
range of 2°C to 25°C (36°F to 77°F), should not exceed 30 days.

16.4 Instructions for Disposal

Dispose in a sharps-bin container or other hard plastic or metal sealable container. Always
follow local regulations for disposal.
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17 PATIENT COUNSELING INFORMATION _
See FDA-approved patient labeling (Medication Guide and Instructions for Use).

Instruct patients to carefully read the supplied PLEGRIDY Medication Guide and Instructions
for Use, and caution patients not to change the PLEGRIDY dose or schedule of administration
without medical consultation. '

Instructions for Self-Injection Technique and Procedures

Provide appropriate instruction for methods of self-injection, including careful review of the
PLEGRIDY Medication Guide and Instructions for Use. Instruct patients in the use of aseptic
technique when administering PLEGRIDY.

Inform patients that a healthcare provider should show them or their caregiver how to prepare to
inject PLEGRIDY before administering the first dose. Tell patients not to re-use needles or
syringes, and instruct patients on safe disposal procedures. Inform patients to dispose of used
needles and syringes in a puncture-resistant container, and instruct patients regarding safe
disposal of full containers.

Advise patients:

e to rotate areas of injection with each dose to minimize the likelihood of injection site
reactions

e NOT to inject into an arca of the body where the skin is irritated, reddened, bruised, infected,
or scarred in any way

» to check the injection site after 2 hours for redness, swelling, and tenderness

¢ to contact their healthcare professional if they have a skin reaction and it does not clear up in
a few days

Pregnancy

Advise patients that PLEGRIDY should not be used during pregnancy unless the potential
benefit justifies the potential risk to the fetus.

Liver Disease

Advise patients that severe hepatic injury, including rare cases of hepatic failure, has been
reported during the use of interferon beta. Advise patients of symptoms of hepatic dysfunction,
and instruct patients to report them immediately to their physician.

Depression and Suicide

Advise patients that depression, suicidal ideation, and suicide have been reported with the use of
- interferon beta. Instruct patients to report symptoms of depression or thoughts of suicide to their
physician immediately.
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Seizure

Advise patients that seizures have been reported in patients using PLEGRIDY. Instruct patients
to report seizures immediately to their physician.

Anaphylaxis and Other Allergic Reactions

Advise patients of the symptoms of allergic reactions and anaphylaxis, and instruct patients to
seek immediate medical attention if these symptoms occur,

Injection Site Reactions

Advise patients that injection site reactions can occur and that the reactions can include injection
site necrosis. Instruct patients to report promptly any break in the skin that is associated with
blue-black discoloration, swelling, or drainage of fluid from the injection site.

Cardiac Disease

Advise patients that worsening of significant cardiac disease has been reported in patients using
interferon beta. Advise patients of symptoms of worsening cardiac condition, and instruct
patients to report them immediately to their physician.

Flu-like Symptoms

Inform patients that flu-like symptoms are common following initiation of therapy with
PLEGRIDY. Prophylactic and concurrent use of analgesics and/or antipyretics may prevent or
ameliorate flu-like symptoms sometimes experienced during interferon treatment.

43643-01

Manufactured by:

Biogen Idec Inc.

Cambridge, MA 02142

PLEGRIDY is a trademark of Biogen Idec.
©2013-2014 Biogen Idec
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— Peginterferon beta-1a in multiple sclerosis:

2-year results from ADVANCE

Bernd C Kieseier, Douglas L Arnold, Laura J Balcer, Alexey A Boyke, Jean Pelletier, Shifang
_ Liu, Ying Zhu, Ali Seddighzadeh, Serena Hung, Aaron Deykin, Saral I Sheikh and Peter A
Calabresi .

Abstract

Objective: To evaluate the efficacy and safety of subcutaneous peginterferon beta-1a over 2 years in
patients with relapsing-remitting multiple sclerosis in the ADVANCE study.

Methods: Patients were randomized to placebo or 125 pg peginterferon beta-1a every 2 or 4 weeks, For
Year 2 (Y2), patients originally randomized to placebo were re-randomized to peginterferon beta-la
every 2 weeks or every 4 weeks. Patients randomized fo peginterferon beta-1a in Year I (Y1) remained
on the same dosing regimen in Y2.

Results: Compared with Y1, annualized relapse rate (ARR) was further reduced in Y2 with every 2 week
dosing (Y1: 0.230 [95% CI 0.183-0.291], Y2: 0.178 [0.136-0.233]) and maintained with every 4 week
dosing (Y1:0.286 [0.231-0.355], Y2: 0.291 [0.231-0.368]). Patients starting peginterferon beta-1a from
Y1 displayed improved efficacy versus patients initially assigned placebo, with reductions in ARR (every
2 weeks: 37%, p<0.0001; every 4 weeks: 17%, p=0.0906), risk of relapse (every 2 weeks: 39%, p<0.0001;
every 4 weeks: 19%, p=0.0465), 12-week disability progression (every 2 weeks: 33%, p=0.0257; every
4 weeks: 25%, p=0.0960), and 24-week disability progression (every 2 weeks: 41%, p=0.0137; every 4
weeks: 9%, p=0.6243). Over 2 years, greater reductions were observed with every 2 week versus every 4
week dosing for all endpoints and peginterferon beta-1a was well tolerated.

Conclusions: Peginterferon beta-1a efficacy is maintained beyond 1 year, with greater effects observed
with every 2 week versus every 4 weck dosing, and a similar safety profile to Y1,

Clinicaltrials.gov Registration Number: NCT00906399,

Kepwords: Interferon, pegylated, peginterferon beta-la, relapse, multiple sclerosis, relapse-remitting
inultiple sclerosis, MR, phase 3

Date received: 8 July 2014; revised: 6 October 2014; accepted: 10 October 2014

humans compared with non-pegylated TFN beta-1a,’
resulting in prolonged exposure, increased biologic

Infroduction
Interferon (IFN) beta has been an effective treatment for

relapsing remitting multiple sclerosis (RRMS) for many
years. However, sonte currently available TFN beta ther-
apies require injection several times a week because they
are rapidly degraded or cleared by the kidney.! Frequent
injections may have an impact on treatment initiation or
adherence among patients with RRMS, Peginterferon
beta-1a was developed by attaching a poly(ethylene gly-
col) chain to the parent TFN beta-1a molecule,? an estab-
lished process known as pegylation, and is in
development for the treatment of RRMS. Pegylation of
IFN beta-1a has been shown to improve pharmacoki-
netic (PK) and pharmacodynamic (PD) properties in

activity, and a longer half-life 45

ADVANCE is a 2-year Phase 3, muiticenter, rand-
omized, double-blind study with a l-year placebo-
controlled period evaluating the efficacy and safety of
subcuianeous (SC) peginterferon beta-la adminis-
tered every 2 or 4 weeks in patients with RRMS.

Year 1 results have been previously reported. Briefly,
peginterferon beta-la every 2 weeks and cvery 4
weeks significantly improved clinical and magnetic
resonance imaging (MRT) endpoints versus placebo

Muitiple Sclerosis Jowrnal
i-11

DOL: 10117
1352458514557986

© Tix Author(s), 2014,
Reprints and permissions:
http:fAwww.sagepub.couk/
joumalsPermissions.nav

Cormrespondence to:

Bernd C Kieseler
Department of Neurology,
Heinrich-Heine-University,
Moorenstrasse 5, 40225
Diisseldodf, Germany,
Berod. Kicseier@unl-
duesseldorfde

Berad C Kieseier
Drepariment of Neurology,
Medical Faculty, Heinrich-
Heine University, Diiss¢ldorf,
Germany

Douglas L Arnold

Montreal Neurological
Institute, McGill University,
Montreal, Quebere, Canzdaf
NeuroRx Research, Moatreal,
Quebee, Canada

Laura ¥ Baleer

Department of Neurology,
New York University, School
of Medicine, New Youk,
USA

Alexey A Boyko
Moscow MS Center at

11 City Hospital and
Depariment of Neurology
& Neurosurgery of the
RSMRU, Moscow, Russia

Jean Pelletier

Departments of Neurckgy
and Research, Alx-Marseille
Eniversité, CHU Timone,
Marseille, France

Shifang Liu

Ying Zbu

Ati Seddighzadeh
Sereaa Hung

Aaron Deykin

Sarah I Shelkh

Biogen Tdec Incorporated,
Cambridge, USA

Peter A Calabrest
Department of Neurology,
Johns Hapkins Universiiy,
Baltimore, USA

hitpz//msj.sagepub.com

Donrieaded from msisagepud com at BKXGEN INC UBRARY on December 1, 2014




Mudtiple Sclerosis Journal

(with reductions in annualized relapse rate [ARR; pri-
mary endpoint], risk of relapse and disability progres-
sion, and the number of new or newly enlarging T2
lesions [secondary endpoints]), with a safety profile
consistent with that of established IFN beta-1a thera-
pies. During Year |, every 2 week dosing provided
numerically greater reductions relative to every 4
week dosing across refapse and MRI endpoints.

After Year 1, patients randomized to placebo were re-
randomized to peginterferon beta-la (every 2 or 4
weeks) for Year 2 and patients randomized to active
treatment in Year 1 remained on the same dosing regi-
men in Year 2. Here we report the 2-year efficacy and
safety results from ADVANCE.

Nethods

Stuey design and participants

Patients were recruited between June 2009 and
November 2011 for ADVANCE, a randomized, multi-
center, double-blind, Phase 3 study to investigate
peginterferon beta-1a in patients with RRMS. Full
details of the study design and eligibility criteria have
been previously reported.® Briefly, eligible patients
had a diagnosis of RRMS as defined by the McDonald
criteria,” were aged 18—635 years, had a score of 0—5 on
the Expanded Disability Status Scale (EDSS)® and 22
clinically documented relapses in the previous 3 years,
with =1 of these relapses having occurred within the
12 months prior to randomization. Key exclusion cri-
teria were progressive forms of multiple sclerosis
(MS), pre-specified laboratory abnormalities, and
prior IFN treatment for MS exceeding 4 weeks or dis-
continuation <6 months prior to baseline.

During Year 1 of ADVANCE, patients were randomly
assigned 1:1:1 to 8C injections of placebo, peginter-
feron beta-1a 125 pg every 2 weeks, or peginterferon
beta-1a 125 pg every 4 weeks (starting dose 63 pg, 94
ng at Week 2, target dose 125 pg at Week 4 and there-
after). At the end of Year 1 (Week 48), patients rand-
omized to placebo were re-randomized to
peginterferon beta-la 125 pg every 2 weeks or every
4 weeks (1:1) with the same dose titration as deseribed
above (i.e. during Year 2 all patients received dose-
blinded peginterferon beta-1a}.

The protocol was approved by each site’s institutional
review board and was conducted according to the
International ~ Conference on  Harmonization
Guidelines for Good Clinical Practice and the
Declaration of Helsinki. Every patient provided writ-
ten informed consent prior to study entry.

Study procedures and endpoints

Methods for ADVANCE have been previously pub-
lished.f Briefly, standardized neurologic assessments,
including determination of EDSS score by a blinded,
EDSS-certified non-treating physician, were carmried out
every 12 weeks and at the time of suspected relapse
(evaluated during unscheduled visits). MRI scans were
obtained at Weeks 24, 48, and 96, and were evaluated in
a blinded manner at a central MRI reading center.

Relapses were defined as new or recurrent neurologic
symptoms not associated with fever or infection, last-
ing for =24 hours, accompanied by new objective
neurologic findings, and separated from the onset of
other confirmed relapses by at least 30 days, which
were confirmed by the independent neurologic evalu-
ation committee (INEC). Disability progression was
defined as an increase in the EDSS score of =1.0 point
in patients with a baseline score of >1.0, or an increase
of 1.5 points in patients with a baseline score of 0,
confirmed after 12 and 24 weeks.

Assessments of the following key clinical and MRI
measures in patients with available 2-year data were
tertiary endpoints of ADVANCE: ARR, proportion of
patients refapsed, disability progression (f2-week and
24-week), mean number of new or newly enlarging
T2 hyperintense lesions, and gadolinium enhancing
{Gd+) lesions.

Safety assessments included monitoring and recording
of adverse events (AEs), physical examination, vital
signs, and clinician assessment of injection sites, and
subject assessment of injection pain. Laboratory assess-
ments included electrocardiograpiy, hematology, blood
chemistry, and urinalysis. To assess immunogenicity,
patient serum samples were collected pre-dose on Day
1 and Weeks 8, 20, 36, 48, 60, 72, and 96.

Statistical analysis

All efficacy analyses were performed on data from
the intent-to-treat (ITT) populaiion {all randomized
patients who received at least one dose of active study
treatment over 2 years). Statistical tests were two-
sided, and p<0.05 was considered significant.

To assess efficacy over 2 years in patients who
received peginterferon beta-la starting from Year 1
versus those who received placebo in Year 1, patients
who switched from placebo to peginterferon beta-la
in Year 2 were combined as one group (the “delayed
treatment” group) and statistical comparisons versus
those receiving continuous peginterferon beta-la
were made: ARR (post-hoc), proportion of patients
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Figure 1. Patient disposition — over 2 years.
N, 1 = number of subjects.

relapsed (post-hoc), and proportion of patients with
disability progression (pre-specified) over 2 years.

ARR, defined as total number of relapses divided by
patient-years in the study, excluding data obtained
after patients switched to alternative MS medica-
tions, was analyzed with the use of a negative bino-
mial regression model adjusted for baseline EDSS
score (<4 versus =4), baseline rclapse rate (number
of relapses in 3 years prior to study entry divided by
three), and age (<40 versus 240 years); adjusted -
ARRs were presented for each group. MRI results
are based on all patients with available MRI data,
Negative binomial regression was used for analysis
of new or newly enlarging hyperintense lesions on
T2-weighted images (adjusted for baseline number
of T2 lesions) and multiple logit regression was
used for the analysis of Gd+ lesions (adjusted for
baseline number of Gd+ lesions). Time to first clini-
cal relapse (adjusted for baseline EDSS, age, base-
line relapse rate, and baseline presence/absence of
Gd+ lesions) and time to first disability progression
(adjusted for baseline EDSS and age) were analyzed

using a Cox proportional hazards model. Post-hoc
analyses compared the efficacy of every 2 week ver-
sus every 4 week regimens over 2 years,

AFs were summarized with the use of descriptive sta-
tistics for all patients who received at least one dose
of active study treatment, excluding data obtained
after patients switched to alternative MS medications.
Tmmunogenicity was measured by an analytically
validated cell-based assay to characterize neutralizing
antibodies (NAbs) to IFN beta-1a,

Results

Patients

In the overall study population, patient demographics
and baseline disease characteristics were generally
well balanced across treatment groups. Baseline
characteristics were similar among the original treat-
ment groups at randomization (Table S1, supplemen-
tary materials). OF the 1332 patients completing Year
1, the percentage who completed Year 2 was similar
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Figure 2. Annualized relapse rate by study year.

*Based on negative binomial regression, with adjustment for baseline EDSS (<4 vs. >4), baseline relapse rate and age (<40 vs. 240).

ClI: confidence interval.
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Figure 3, New or newly enlarging T2 lesions by study year.

Observed data after subjects switched to alternative MS medications are excluded. Missing data prior to alternative MS medications
and visiis after subjects switched to altermative MS medications up to week 48 are imputed based on previous visit data assuming the

constant rate of Iesion development or group mean at same visit.
SE: standard error.

across the continuous peginterferon beta-1a treatment
groups and across the placebo-to-active treatment
groups {Figure 1). Over 2 years, the rate of discon-
tinuation due to AEs was similar between dosing regi-
mens (6% for each peginterferon beta-1a group).

Efficacy
Maintenance of efficacy. Maintenance of efficacy
over 2 years was evahuated by comparing ARR and

the number of new or newly enlarging T2 lesions
from Year | (Baseline to Weck 48) and Year 2 (Week
48 to Week 96) for patients receiving peginterferon
beta-1a both years. ARR was further reduced with
peginterferon beta-la every 2 weeks or maintained
with peginterferon beta-la every 4 weeks in Year 2
relative to Year 1; for the peginterferon beta-la every
2 weeks group, ARR was 0.230(95% CI0.183-0.291)
in Year 1 and 0.178 (0.136-0.233) in Year 2 (Figure
2). In the peginterferon beta-1a every 4 weeks group,
the ARR was 0.286 (95% CI 0.231-0.355) in Year 1
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and 0.291 {(0.231-0.368) in Year 2 (Figure 2). The
mean number of new or newly enlarging T2 lesions
was numericaily lower in Year 2 (1.9 every 2 weeks;
5.6 every 4 weeks) versus Year 1 for both dosing regi-
mens (4.1 every 2 weeks; 9.4 every 4 weeks) (Figure

3).

Efficacy in patients who received peginterferon
beta-1a for 2 years versus those who switched from
placebo in Year 1 to peginterferon beta-1a in Year
2. Analysis of clinical endpoints among patients on
continuous peginterferon beta-1a and patients origi-
nally assigned to placebo showed that peginterferon
beta-la had numerically greater effects. The ARR
(95% CI) was 0.351 (0.295-0.418) for the delayed
treatment group, 0.221 {0.183-0.267) for the pegin-
terferon beta-la every 2 weeks group and 0.291
{0.244-0.348) for the peginterferon beta-1a every 4
weeks group (Table 1). A post-hoc analysis of con-
tinuous peginterferon beta-la versus the delayed
treatment group showed a reduction of 37%
(p<0.0001) and 17% (p=0.0906) with peginterferon
beta-la every 2 weeks and every 4 weeks, respec-
tively. The estimated proportion of patienis who
relapsed over 2 years was 0.402 for the delayed
treatment group, 0,265 for the peginterferon beta-1a
every 2 weeks group, and 0.344 for the peginter-
feron beta-la every 4 weeks group, representing
reductions versus the delayed treatment group of
39% (p<0.0001) and 19% {p=0.0465), respectively
(Table 1; Figure 4). The estimated proportion of
patients with 12-week confirmed disability progres-
sion was 0.162 for the delayed treatment group,
0.112 for the peginterferon beta-1a every 2 wecks
group, and 0.123 for the peginterferon beta-1a every
4 weeks group, representing reductions versus the
delayed treatment group of 33% (p=0.0257) and
25% (p=0.0960), respectively (Table 1; Figure 5).
The estimated proportion of patients with 24-week
confirmed disability progression was 0.119 for the
delayed treatment group, 0.077 for the peginter-
feron beta-la every 2 weeks group, and 0.113 for
the peginterferon beta-la every 4 weeks group, cor-
responding to a 41% (p=0.0137) and 9% (p=0.6243)
reduction versus the delayed treatment group,
respectively (Table 1; Figure 6). Patients treated
with continuous peginterferon beta-la every 2
~weeks and peginterferon beta-la every 4 weeks had
fewer newly enlarging T2 lesions over 2 years than
patients in the delayed treatment group, by 67%
{(p=0.0001) and 16% {p=0.0973), respectively. Sta-
tistically significantly reductions in the number of
Gd+ lesions were also observed in the every 2 weeks
group versus the delayed treatment group (p=0.0002)
(Table 1),

Peginterferon beta-1a every 2 weeks versus every 4
weeks. Post-hoc analyses of the efficacy of peginfer-
feron beta-la every 2 weeks versus every 4 weeks
were conducted for clinical and MRI endpoints over 2
years (Table 1). Over 2 years, peginterferon beta-la
every 2 weeks produced favorable outcomes com-
pared with peginterferon beta-la every 4 weeks. The
ARR was 0.221 and 0.29 in the every 2 weck and
every 4 week groups respectively, representing a 24%
{[95% CI (4.1-40}]; p=0.0209)} reduction versus the
every 4 week group (Table 1). Relative to peginter-
feron beta-1a every 4 weeks, the risk of relapse was
reduced by 24% ([4-40], p=0.0212). Hazard ratios
(Table 1)} indicated that peginterferon beta-1a every 2
weeks reduced the risk of 12-week confinmed disabil-
ity progression by 11% ([95% CI (31-39)]; p=0.5665)
and the risk of 24-week disability progression by 36%
([95% CI(1-58)]; p=0.0459) relative to every 4 week
dosing.

Patients treated with peginterferon beta-la every 2
weeks had 60% (p<0.0001) fewer new or newly
enlarging hyperintense T2 lesions over 2 years than
patients in the every 4 weeks group (Table 1). Relative
to the peginterferon beta-1a every 4 weeks group, the
number of Gd+ lesions over 2 years was reduced by
71% (p<0.0001) in the peginterferon beta-1a every 2
weeks group.

Safety

Over 2 years, in patients who received at least one dose
of peginterferon beta-1a, the incidence of AEs was sim-
ilar between freatment groups (94% for each peginter-
feron beta-la group) (Table 2). The most commonly
reported AEs over 2 years were injection site erythema,
influenza-like illness, pyrexia, and headache (Table 2).
The majority of AEs were mild or moderate in severity;
incidence of severe AFs was similar between peginter-
feron beta-la dosing groups (21% for every 2 weeks
and 20% for every 4 weeks). The incidence of AFEs,
most common AFEs, and severity of AEs in Year 2 were
similar to Year 1 (Table S2, supplementary materials).6
The incidence of AEs considered related to treatment by
the Investigator in peginterferon befa-la groups was
90% in the every 2 weeks group and 88% in the every 4
weeks group. The incidence of discontinuation of study
treatment due to AEs was 6% in each peginterferon
beta-1a group. The incidence of serious AEs was higher
in the peginterferon beta-1a every 4 weeks group {22%)
than the every 2 weeks group (16%), with MS relapse
the most frequently reported event (Table 2},

Nine deaths were reported over the 2-year study.
Deaths occurring in patients receiving at least one
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Table 1. Summary of clinical and MRI endpoints over 2 years by original randomization group.
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baseline EDSS of 0 sustained for [2 weeks. Analyses were conducted by combining patients who received placebo in Year 1 and either

peginterferon beta-1a every 2 or 4 weeks in Year 2 as one group (delayed treatment group).
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2Based on a Cox proportional hazards model, adjustment for baseline EDSS and age (<40 vs. 240).

dose of active treatment (#=7) are listed in Table 2 and
deaths by study year are listed in Table §2. Of the nine
deaths reported over 2 years, four occuired in Year 1
(n=2 in the placebo group and one in each peginter-
feron beta-1a group) and five occurred in Year 2 (n=3
in the peginterferon beta-1a every 2 weeks group and
n=2 in the delayed treatment every 4 weeks group)
{Table S2). None of the deaths during Year 1 (n=4)
were assessed as related to study treatment by the
Investigator® {(#=2 in the placebo group [#=1 sudden
death of unknown cause, #=1 subarachnoid hemor-
rhage] and »=1 in each peginterferon beta-la group
[every 2 weeks, cause unknown; every 4 weeks, sep-
ticemic shock]). Of the five deaths in Year 2, three
were considered related to stfudy treatment by the
Investigator (n=1 pneumonia/septicemia [every 2
weeks group], #=1 squamous cell carcinoma [delayed
treatment to every 4 weeks group] and n=1 aspiration
pnemmnonia [delayed treatment to every 4 weeks
group]} (Table 82). An independent data safety moni-
toring board concluded that these events were not
likely related to study drug and did not change the
risk—-benefit profile of peginteferon beta-1a.

Tn Year 2, the incidence of potentially clinically sig-
nificant abnormalities in white blood cell counts
(defined as <3.0x10%1), lymphocyte counts (defined
as <(.8x10%/1), and absolute neutrophil count {defined
as <1.0x10%1) remained low (£10% of patients)
across peginterferon beta-la dosing groups (Table S3
in the supplementary materials). The majority of
hepatic transaminase clevations were <3 times the
upper limit of normal (ULN) (Table S4 in the supple-
menfary materials). During Year 2, one patient had
asymptomatic concurrent elevation of alanine
transaminase (ALT) and aspartale {ransaminase
(AST) 23 x ULN and elevation of total bilirubin >2 x
ULN. For both dosing regimens, in majority of sub-
jeets who reporied hepatic or hematological labora-
tory ‘abnormalities, the abnormal values returned to
normal at the end of Year 2. Lab abnormalitics over 2
years are presented in Tables 85 and 86 in the online
supplementary materials.

Over 2 years, the incidence (number of patients at
risk) of NAbs against IFN {anti-IFN NAbs) (<1%
every 4 weeks; <1% every 2 wecks), binding
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Table 2. Adverse events, serious adverse events, and discontinuations over 2 years — all patients who received

peginterferon beta-1a any time over 2 years.

antibodies to IFN moieties (5% every 4 weeks; 8%
every 2 weeks), and antibodies against peginter-
feren (anti-PEG Abs) (8% every 4 wecks; 6% every
2 weeks), were similar for both peginterferon beta-
la dosing groups (Table S7 in the supplementary
maferials).

Discussion

The results from ADVANCE show that the clinical
and neuroradiologic efficacy of peginterferon beta-ia
was maintained beyond 1 year of treatment. Compared
with Year 1, further reductions in ARR were observed
with peginterferon beta-la every 2 weeks and the
same level of reductions was achieved with peginter-
feron beta-1a every 4 weeks in Year 2, The number of
new or newly enlarging T2 lesions was further
reduced in Year 2 compared with Year 1 in the con-
tinuous peginterferon befa-1a groups, with greater
reductions observed for peginterferon beta-la every 2

weeks, The safety profile of peginterferon beta-la
over 2 years was consistent with that in Year 1.6

Assessment of endpoints by original randomization
group generally showed that peginterferon beta-la
had greater effects relative to delayed treatment,
Importantly, these results demonstrated that the ben-
efits of earlier therapy initiation remain significant for
a minimum of 1 year following treatment delay.
However, due to the nature of the comparator group,
results should be interpreted with caution as the effect
sizes are likely underestimates of those against a
“true” placebo group. While the every 2 weeks dosing
group demonsirated supetiority over the delayed
treatment group for all endpoints, the every 4 weceks
dosing group only demonstrated significant improve-
ment at one endpoint (proportion of relapsed patients).
Although comparisens between dosing groups were
not pre-specified, assessment of peginterferon beta-la
every 2 wecks versus every 4 weeks over 2 years
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showed that peginterferon beta-1a administered every
2 weeks provided larger statistically significant treat-
ment effects over 2 years versus every 4 weecks admin-
istration on ARR, proportion of relapse patients,
24-week disability progression, and all MRT end-
points (12-week disability progression was numeri-
cally but not significantly superior),

Comparison of safety results over 2 years with Year 1
showed that the nature, type, and frequency of AEs
remnained consistent with the longer duration of freat-
ment. The overall incidence of AEs was similar between
Year 1 (94% for each peginterferon beta-la dosing
group) and over 2 years (94% for each peginterferon
beta-1a dosing group). The most common AESs reported
over 2 years were similar to those in Year | (injection
site erythema, influenza-like illness, pyrexia, and head-
ache}. Incidence of severe and serious AEs and rate of
infections and serious infections were higher over 2
years than in Year 1 due to the longer duration of fol-
low-up. Safety profiles of peginterferon beta-1a by
study year (Year 1 and Year 2) were similar,

The incidence of AEs, serious AEs, and discontinuations
due to AEs was also similar across dose regitnens (the
incidence of serious AEs was slightly higher in the every
4 week dosing group than every 2 week dosing group)
and are consistent with the known profiles of IFN beta
therapies in MS. For the deaths occurring in Year 1, there
was no specific pattern. In Year 2, the nature of deaths
was consistent with those expected in the MS population
and an independent data safety monitoring board con-
cluded that they did not change the risk—benefit profile
of peginterferon beta-la. The incidence of potentially
clinically significant lab abnormalities was low across
treatment groups in Year 1 and in Year 2.5

Development of NAbs against [FN beta has been asso-
ciated with reduced levels of efficacy based on clinical
and MRI variables.?-! Immunogenicity remained low
over 2 years; the development of NAbs to IFN beta-la
in Year 1 was similar to that over 2 years (<1%). The
development of binding antibodies to IFN beta-la in
Year | and over 2 years was also similar (6%) as well as
binding antibodies against PEG (7-8%).

Although this study did not directly compare peginter-
feron beta-la with other MS therapies, our data are
consistent with clinical and MRI findings observed
with currently available first-line injection therapies
(e.g. 29-34% ARR!21% 12-37% of patients with dis-
ability progression,'-'416 and mean number of new or
newly enlarging T2 lesions!27 in 2-year trials).
Although direct comparisons are not possible, results
suggest that peginterferon beta-la may provide

similar efficacy and safety to that of approved first-
line therapies, with the added benefit of a more con-
venient SC dosing regimen.

Two-year results from ADVANCE showed that clinical
and MRI benefits were maintained with SC peginter-
feron beta-1a beyond the placebo-controlled first year
of the study and numerically better efficacy was
observed in patients receiving continnous peginterferon
beta-1a than those originally randomized to placebo in
Year 1. Greater efficacy was observed with every 2
week versus every 4 week administration, and safety
results show that peginterferon beta-Ea is well tolerated
over 2 years. Peginterferon beta-1a offers an effective
and safe ireatment option with the benefit of less fre-
quent administration.
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Supplementary Appendix

Table S1. Baseline demographics and clinical characteristics®

Placebo Peginterferon Peginterferon
Characteristic (n=500) beta-1a every beta-Ia every
2 weeks (n=512) 4 weeks (n=500)

Age, years 36.3 (9.7) 36.9(9.8) 36.4 (9.9)
Gender, n (%) female 358 (72) 361 (71) 352 (70)
Race, n (%) Caucasian 412 (82 416 (81) 409 (82)
Geographic regions, n (%)

india 56 (11) 58(11) 56 (11)

North America 17 {3) 19 -(4) 16 (3)

Western Enrope 38 (8) 41 (8) 39(8)

Eastern Europe 354 (71) 355 (69) 355710

Rest of World 35(7) 39(8) 347
Time since first MS symptos, years  { 6.3 (6.3) 6.9 (6.6) 6.5(6.1)
Time since MS diagnosis, years 3.5(4.6) 4.0 (5.1) 34 (4.4)
Relapses within the previous 3 years 2.6 (1.00) 2.6 (0.99) 2.5(0.77)
Relapses within the previous 12 1.6 (0.67) 1.6 {0.67) 1.5 (0.62)
months
EDSS Score 244 (1.18) 2.47 (1.26) 248 (1.24)

EDSS <4, n (%) 432 (306) 423 (83) 413 (83)

EDSS >4, 1 (%) 68 (14) 89 (17) 37 (17)
Patients absent Gd+ lesions, n (%) 296 (59) 334 (65) 297 (59)
Number of Gd+ lesions 1.6 (3.8) 1.2 (3.4 1.8(54)
Number of new or newly-enlarging T2 | 50.6 (35.7) 48.7 (36.8) 514 (36.0)




Placebo Peginterferon Peginterferon
Characteristic (n=500) beta-1a every beta-1a every

2 weeks (1=512) 4 weeks (n=500)

lesions

Prior medication, n (%)

Glatiramer acetate 24 (5) 27 (5) 28 (6)
TFN beta-1b ) 6 (1) 3(2) 5(1)
IFN beta-la 5(1) 4 (<1) 6 (1)

Data are presented as mean (standard deviation), unless otherwise stated.

EDSS=Expanded Disability Status Scale. Gd+=gadolinium-enhancing. TFN=interferon. MS=multiple sclerosis.




Table 82. Adverse events, serious adverse events, and discontinuations — Year 1 and Year 2

Year1 (Ca!abra_ﬁi et al 2014) Year2
Event, n{%) Placebo | Peginterferon | Peginterferon Delayed Delayed I;eginlerferon Peginterferen
(m=500) | beta-la every | beta-laevery treatment: {freatment; beta-la every | beta-la every
2 weeks 4 weeks peginterferon | peginterferon 2 weeks 4 weeks
(=512} (n=500) beta-1a every | beta-la every (1=43%) {r=439)
2 v-'eeks;a 4 week;
(n=228) (n=227)
Any adverse 1733y | 43199 472 99) 210(92) 206 (91) 392 (89) 397 (89)
event
Most common adverse events (=10% in any treatment grougp)
Injection site B (D | 35(62) 282(56) |Injection site 135 (59) 119 (52) 212 (48) 211 (48)
erythema erythema
Infiuenza like 63 (13) 239 (47) 234 (47)  |Influenza like 106 (46) 95 (42) 192 (44) 189 (43)
iltness illness
Pyrexia 76 (15) 228 (45) 218 (44)  [Pyrexia 66(29) 66 (29) 136 (31) 138 (31)
Headache 165 (33) 224 (44} 204 41y  |Headache 64 (28) 70 (31) 126 (29) 122 (28)
MS relapse 159 (32) 96 (19) 11122y {MS relapse '52 (23) 52(23) 64 (15) 101 (23)
Myalgia 30(6) 27 (19) 97 (19) Myalgia 27 (12) 27(12) 58(13) 60 (14)




Chills 23 (5 8817 92 (18) Chills 29{13) 28(12) 41 (9) 52(12)
Injection site 15(3) T7(15) 67 (13) Nasopharyngitis 17 (7 22(10) 47 (11) 45 (10)
pain
Asthenia 38 (8) 68 (13) 70 l(14) Injection site 25(11) 25(11) 45 (10) 32
pain
Back pain 57(1L) 61(12) 64 (13) Injection site 26(11) 17(% 47(11) 24 (5)
pruritus
Injection site 6(1) 68 (13) 56(11) Asthenia 104 2411 40(9) ¥
pruritus
Nasopharyngitis | 77(15) 53(10) 69(14) Arthralgia 14 (6) 23(10) 33(8) 33(8)
Arthralgia 35 57(11) 54 (11) - --
Fatigue 49 (10) 51 (10) 55(11) -- --
Painin 49 (1) 44 (9) 54(11) - -
exiremity
Severe adverse 53(11) S0 (18) 82 (16} Severe adverse 9017 34 (15) 56 (13) 62 (14}
cvcntsb e\'entsh
AEs related to 266 (53) 459 (30) 449 (90} | AEs related to 198 (87) 179 (79) 350 (80) 357(89)
study treatment study

treatment




AEs leading {0 7(0) 25 (5) 24 (5) AEs leading to 8 (4} 9{H 8@ 9(2)
discontinuation disconginuation

Any serious 76 (15) 55 (11) 71 (14) Any serious 36 (16) 42 (19) 3%(9) 67 (15)
adverse events adverse events

Deaths 2(<1y 1<) 1(<ly |Deaths 0(0) 2(<D)f 3(<1y® 0D

*Played treatment groups: patients who received placebe in Year 1 and switched to peginterferon bet;a-la in Year2,

bSevere adverse events were defined as symptomys) that cause severe discomfort; incapacitation or significant impact on subject’s daily life; severity may cause
cessation of treatment with study treatment; treatment for symptom(s) could be given and/or subject hospitalized.

“n=1 sudden death of unknown cause, n=1 subarachnoid hemorrhage.

=1 cause unknown.

‘n=1septicemic shock.

=1 squarnous cell carciroma oral cavity, n=1 aspiration pneumonia

#n=] sudden death, cause unknown, n=1 car zccident, n=1 pneumonia/septicaemia




Table $3: Potentially clinically significant hematology Iab abnormalities — Year 2

Parameters/criterion Delayed Delayed Peginterferon Peginterferon
treatment: treatment: beta-1a every beta-1a every
peginterferon peginterferon 2 weeks 4 weeks
beta-1a every beta-1a every (n=438") (n=439%
2 chksa 4 wceksa
(n=228" (n=227"
Patients with any post- 227 o227 438 438
baseline value, total n
WBC, n (%)
<3 x10°/L 23(10) 7(3) 42 (10) 22 (5)
Lymphocytes, n (%)
<0.8 x 10°/L. 13(6) 7(3) 35(8) 23 (5)
PMN, 1t (%)
<1.0x 10°/L 2(<1) 0(0) 4{(<D) 6(1)
Hemoglobin, n (%)
<100 g/L 15 (7) 94 19 (4) 26 (5)
Platelet count, n (%)
<100 x 10°/L 3(1) 2(<1) 5(1) 4 (<)

PMN=polymorphonuclear leukocytes. WBC=white blood cell.
*Delayed treatment groups: patients who received placebo in Year 1 and switched to peginterferon beta-1a in Year 2.
Total n is the number of patients in the safety population dosed in year 2 with at least one post-baseline value. This

is the denominator for percentages in parentheses.



Table §4: Maximum post-baseline liver transaminases — Year 2

Parameters/Criterion Delayed Delayed Peginterferon Peginterferon
t.reatment: treatment; beta-1a every beta-1a every
pegintcrl‘el"on peginterferon 2 weeks 4 weeks
beta-1a every beta-1a every (0=438") (n=439%)
2 weeksa 4 weeksll
_ (n=228") (n=227"
Patients with any post- 227 227 438 438
baseline value, total n
ALT, n (%)
>{ x ULN 111 (49) 70 (31) 162 (37} 124 (28)
=3x ULN 9{4) 8{(4) 14 (3) 15(3)
>5 x ULN 2(<1) 2 {=1) 7@ 7(2)
AST, n (%)
>1 xULN 72(32) 36 (16) 119 (27) 73(17)
=3x ULN 4(2) 1{<1) 9(2) 102
»5 x ULN 2 (<1) 0(0) 6(1) 5(1)

AL T=alanine transaminase, AST=aspartale {ransaminase. ULN=upper limit of normal.

“Delayed treatment groups: patients who received placebo in Year 1 and switched to peginterferon beta-1a in Year 2.

Total n is the number of patients in the safety population dosed in year 2 with at least one post-baseline value. This

is the denominator for percentages in parentheses. Baseline is Year 1 baseline for patients previously treated with

peginterferon beta-1a, and year 2 baseline for patients previously treated with placebo, during year 1.




Table S5. Potentially clinically significant hematology lab abnormalities over 2 years — All patients who received

peginterferon beta-1a any time over 2 years

Parameters/criterion

Peginterferon beta-1a

every 2 weeks

Peginterferon beta-1a

every 4 weeks

(n=740) (n=728)

WBC, n (%)

<3 x 10%L 80 (11) 43 (6)
Lymphocytes, n (%)

<0.8 x 10°/L 64 (9) 48 (7)
PMN, n (%)

<1.0x 10°/L 11 (1) 11(2)
Hemoglobin, n (%)

<100 g/L 42 (6) 35 (5)
Platelet count, n (%)

<100 x 107/L 13(2) 7(<1)

PMN=polymorphonuclear leukocytes. WBC=white blood cell.




Table $6. Maximum post-baseline liver transaminases over 2 years — All patients who received peginterferon beta-

1a any time over 2 years

Parameters/Criterion Peginterferon beta-1a Peginterferon beta-l1a
every 2 weeks every 4 weeks
(n=740) | (n=728)

ALT, n (%)

>1 x ULN 399 (54) 292 (40)

>3x ULN 56 (8) 38(5)

>5 x ULN 21 (3) | 17 (2}
AST, n (%)

>1 x ULN 293 (40) 171 (24)

>3x ULN 23(3) 21(3)

>5 x ULN 11{1) 8(1)

ALT=alanine transaminase. AST=aspartate transaminase, ULN=upper limit of normal,




Table $7: Incidence of positive antibody tests over 2 years — All patients who received peginterferon beta-1a any

time over 2 years

Antibody type Peginterferon beta-1a Peginterferon beta-1a Total

every 2 weeks every 4 weeks (n=1468)
m=740) (m=728)

Number of antibody positive/number at visk (%) Post-baseline to Week 96

IFN binding (BAbs) 54/706 (8) 36/706 (5) 90/1412 (6)

positive

IFN neutralizing (NAbs}) 71715 (<1) 6/716 (<1) 13/1431 (<1)

positive

Anti-PEG positive 40/681 (6) 55/682 (8) 95/1363 (7)

IFN=interferon. PEG=polyethylene glycol.
Entries are nutmber of antibody positive/number at risk. Number at risk is the number of patients whose baseline
antibody was not positive and who had at least one post-baseline antibody value for any time post baseline. Numbers

in parentheses are percentages based on number at risk,




Biogen Medical Information
1-866-MED-INFO (1-866-633-4636)

hitps://medinfo.biogen.com
medinfo@biocgen.com

ﬁ PLEGRIDY® (peqginterferon beta-1a) injection: Summary of Kieseier, et al, Muit Scler, 2014

Year 2 results are reported from a 2-year, phase (i, multicenter, randomized, double-blind study
with 1 year placebo-controlled period that evaluated efficacy and safety of PLEGRIDY 125 ug
administered subcutaneously to patients with RRMS every 2 weeks {Q2W) or 4 weeks {Q4W)
{page 1, paragraph 2, lines 1-5). Patients were randomized to placebo or 125 pg PLEGRIDY
Q2W or Q4W (page 2, paragraph 4, lines 1-11). For Year 2 (Y2), patients originally randomized to
placebo were re-randomized to PLEGRIDY Q2W or Q4W (page 2, paragraph 4, lines 1-11).
Patients randomized to PLEGRIDY in Year 1 (Y1) remained on the same dosing regimen in Y2
{page 2, paragraph 4, lines 1-11). Compared with Y1, annualized relapse rate (ARR) was further
reduced in Y2 with Q2W dosing and maintained with Q4W dosing (page 4, paragraph 2, lines 6-
13 and page 5, paragraph 1, line 1). Patients starting PLEGRIDY Q2W from Y1 displayed
imi)roved efficacy versus patients initially assigned placebo, with reductions in ARR (Q2W: 37%,
p<0.0001) (page 5, paragraph 2, lines 9-14), risk of relapse {Q2W: 39% p<0.0001) (page 5,
paragraph 2, lines 14-21), 12 week disability progression (Q2W: 33%, p=0.0257) {page 5,
paragraph 2, lines 21-28), and 24-week disability progression {Q2W: 41%, p=0.0137) (page 5,
paragraph 2, lines 29-36). Qver 2 years, greater reductions were observed with Q2W versus
Q4W dosing for all endpoints {page 5, paragraph 3, lines 1-18). PLEGRIDY was well tolerated
and the most commonly reported AEs over 2 years were injection site erythema, influenza-like
ilness, pyrexia, and headache {page 5, paragraph 5, lines 4-6). The majority of AEs were mild or
moderate in severity (page 5, paragraph 5, lines 7-10). Over 2 years, the incidence {number of
patients at risk) of NAbs against IFN {(anti-IFN NAbs), binding antibodies to IFN moieties, and
antibodies against peginterferon (anti-PEG Abs), were similar for both PLEGRIDY dosing groups
(page 8, paragraph 3, lines 1-3 and page 9, paragraph 1, lines 1-6).

Please click here: hitos://medinfo.biogen.com/medinfo/pdi/secure/pilPLEGRIDY -pi.pdf for the full

prescribing information or see the appended full prescribing information.
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