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The following corrections are made to the above referenced document:

1. Daclizumab High Yield Process is a 351(a) Biologic application, not a New Molecular
Entity.

2. Patient 302/512-103 is incorrectly referred to as 203/512-103 in Table 13.3.4.1, Listing
of serious DILI (Page 248). The total number of cases of serious DILI in the Total DAC HYP
database is 20 instead of 21 (the percentage is the same [0.9%]). This correction should
be applied throughout the review.

3. The patients on DAC150 who had a liver biopsy in study 301 are 301/624-012 and
301/670-035). Three (instead of five) patients were treated with high dose
corticosteroids for suspected AlH in study 301 (301/453-041, 301/670-024, and
301/670-035). (Page 129 of the review).

4. Correct citation for anti-Smooth muscle (ASMA) antibody reference values and
interpretation in Page 258 of the review is Michael Heneghan, Autoimmune hepatitis:
Serologic markers. UpToDate®, Topic 3628 Version 17.0.

5. In Page 311 of the review, patient 203/555-001 with recent diagnosis of sarcoidosis and
angioedema was listed twice and patient 303/325-001* with renal sarcoidosis was
omitted. The total number of reports of sarcoidosis is still nine.

6. Patient 301/512-006 is said to have had eosinophilia and slight pancreatitis in several
sections of the review. This patient did not have eosinophilia or pancreatitis.

7. The rate of potential immune mediated reactions in the Total DAC HYP database using a
customized MedDRA Query is 28%. (Pages 196 and 202 and Page 212 of the review.)
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Safety Team Leader Review

Indication(s)/Population(s)

Date May 26, 2016

From Sally Usdin Yasuda

Subject Safety Team Leader Review

NDA/BLA # BLA 761029

Supplement#

Applicant Biogen

Date of Submission February 27, 2015

PDUFA Goal Date May 27, 2016 (extended clock)

Proprietary Name / Non- Zmbryta/Daclizumab

Proprietary Name

Dosage form(s) / Strength(s) Solution for subcutaneous injection, 150 mg/ml
Applicant Proposed Relapsing forms of Multiple Sclerosis, Adult Population

Recommendation on

If efficacy 1s demonstrated and the benefits of daclizumab
outweigh the risks, then I recommend that approval include
a REMS with ETASU, labeling language including a

Regulatory Action boxed warning, recommendations for stringent monitoring
and evaluation, and a medication guide to mitigate the
risks.

Recommended

Indication(s)/Population(s) (if

applicable)

1. Benefit-Risk Assessment
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Benefit-Risk Summary and Assessment

Daclizumab (DAC) is proposed to be used for treatment of adults with relapsing forms of multiple sclerosis (RMS). This review evaluates the
safety of DAC. If efficacy is demonstrated and the benefits of DAC outweigh the risks, then I recommend that approval be accompanied by
labeling language including a boxed warning and a medication guide to mitigate the risks. I also agree with establishment of a Risk Evaluation
and Mitigation Strategy (REMS).

This document reviews the risk profile of DAC. I summarize the findings of Dr. Lourdes Villalba. DAC causes serious and life-threatening
adverse reactions, including life-threatening liver injury. These adverse reactions will not be completely prevented even with stringent risk
mitigation strategies, and it is likely that deaths, including deaths due to liver injury, would occur postmarketing. Based on safety findings, Dr.
Villalba does not recommend approval for DAC. Neither does Dr. John Senior who provided a consult regarding hepatotoxicity. However, a
recommendation regarding approvability can only be made based on a consideration of benefit and risk. I will provide an assessment of the risk,
and recommendations for labeling and strategies to mitigate the risk if efficacy is demonstrated and it is determined that the benefits outweigh the
risk such that DAC would be approved. If DAC can be approved, limiting its use to a subset of patients with the most favorable benefit to risk
ratio may be appropriate.

Risk:

DAC is associated with severe and potentially life-threatening adverse effects. One death occurred in a patient with autoimmune hepatitis likely
caused by DAC. DAC causes potentially fatal hepatic injury, severe autoimmune and other immune conditions, dermatologic reactions,
infections, and lymphadenopathy. Depression occurred more frequently in DAC-treated subjects than in interferon beta-1a-treated subjects and
serious events of depression and suicidality occurred slightly less (0.4% of DAC vs 0.7% of Avonex) than in interferon beta-1a that has a
Warning for Depression and Suicide. Breast cancer occurred at rates greater than background in the general population. Acute hypersensitivity
and multiorgan hypersensitivity and multiorgan failure also occurred in subjects treated with DAC. Onset of events was unpredictable, occurred
throughout the course of therapy and even after DAC was discontinued, some resolved months after DAC was discontinued or did not resolve
through the follow-up period, and some required invasive procedures to diagnose, hospitalization, and, blood transfusions, systemic steroids and
other immunosuppressive medications to treat. There is uncertainty regarding whether patients and physicians would be adherent to labeling
recommendations regarding monitoring and evaluation of liver laboratory values prior to the next dose. However, a strongly worded boxed
warning, information about monitoring in Section 2 of the label, Warnings, and a medication guide would provide guidance. Labeling would
require a boxed warning at least for DILI and would include recommendations for monitoring and evaluation of liver laboratory values and for
initiating, interrupting, and stopping DAC when appropriate. Labeling would also require warnings for other events listed above. I agree that the
labeling should be supported by a REMS with ETASU.

Paragraph #5: Analysis and Recommendation with Respect to Safety:
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If DAC is approved, I recommend a Boxed Warning for DILI and for immune-mediated reactions, and recommendations in Section 2 of labeling
for monitoring and evaluation of liver laboratory values before initiating DAC and prior to the next dose, with recommendations for treatment
interruption and discontinuation. I recommend contraindications for use in patients with pre-existing hepatic disease or hepatic impairment. |
recommend a Medication Guide to describe these risks and symptoms of concern, and to highlight the need for monitoring, evaluation, and
prompt medical attention should specific adverse events occur. I agree with a REMS with ETASU to address the risks of DILI and serious
daclizumab-induced autoimmune disease. I recommend the following postmarketing requirements:
e Long-term observational registry study to further characterize the risk of DILI and other serious risks including malignancy, serious skin
reactions, and other immune and autoimmune conditions
e C(linical study to identify biomarkers to predict patients at risk for DILI, serious skin reactions, and daclizumab-induced autoimmune
disorders.
e Pregnancy registry.

Dimension Evidence and Uncertainties Conclusions and Reasons

e Please refer to Dr. Rodichok’s review of clinical efficacy.

e Please refer to Dr. Rodichok’s review of clinical efficacy.

e Please refer to Dr. Rodichok’s review of clinical efficacy.
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Dimension

Evidence and Uncertainties

Conclusions and Reasons

Safety database

The safety database for DAC includes 3 clinical trials in adults in RMS:

Phase 2 placebo controlled study (201), Phase 3 active controlled study

(301), their extensions, and Phase 3 open label study (302). Drug exposure

is adequate and reflects the intended population for use.
Safety concerns

¢ The most common AEs (at least 5% and at least 2% greater than

placebo) were: Upper Respiratory Tract Infection (URI, 9%),
Depression/Depressed Mood (7%), Rash (7%), and ALT increased
(5%). The most common AEs (at least 5% and at least 2% greater
than Interferon beta-1a) were: Nasopharyngitis (25%), URI (16%),
Dermatitis and Eczema-related Terms (14%), Rashes (10%),
Depression/Depressed Mood (10%), Influenza (9%), Oropharyngeal
Pain (8%), Bronchitis (7%), and Lymphadenopathy (5%).

e Five deaths occurred in DAC-treated subjects: 1 of autoimmune

hepatitis, 1 of complications subsequent to a severe cutaneous
reaction, both likely related to DAC use; 2 of complications
subsequent to aspiration pneumonia in patients with advanced MS,
for which a role for DAC in increasing the risk of infection cannot be
ruled out; and 1 of subdural and subarachnoid hemorrhage in an
anticoagulated patient after a fall.

e Serious drug-induced liver injury (DILI), including 1 death, occurred

in 20 DAC subjects (0.9%). SAEs of DILI (including liver failure)
and transaminase elevations occurred more frequently in DAC than
in placebo or interferon beta-1a in controlled trials. Seven DAC
subjects had autoimmune hepatitis and 4 subjects had transaminase
and bilirubin elevations in the Hy’s law range (including 2 of the
patients with autoimmune hepatitis) for which a role for DAC cannot
be ruled out. Onset of DILI is unpredictable, it occurs despite
monitoring, it can be fatal, and risk factors to predict patients who
are susceptible are not yet identified. Serious DILI occurred despite
stringent monitoring and a requirement to review liver lab values
prior to the next dose.

Major and potentially life-threatening safety
issues of drug-induced liver disease (DILI),
autoimmune and other serious immune-
mediated disease including serious non-
infectious colitis, dermatologic disorders, acute
hypersensitivity reactions, multiorgan
hypersensitivity reactions, infections,
depression and suicidality, breast cancer, and
lymphadenopathy, occur at the proposed dose
of daclizumab. These adverse reactions
generally occurred at least as frequently in
DAC treated subjects as in interferon beta-1a-
treated subjects. Onset of events was
unpredictable, occurred throughout the course
of therapy and even after DAC was
discontinued, some resolved months after DAC
was discontinued or did not resolve, and some
required invasive procedures to diagnose,
hospitalization, and, blood transfusions,
systemic steroids and other immunosuppressive
medications to treat.

Labeling would require a boxed warning for
DILI and for immune-mediated reactions with
recommendations for monitoring and stopping
DAC when appropriate provided in the
labeling. Labeling would also require warnings
for other events listed above.

Monitoring, evaluation, and appropriate
discontinuation of DAC can mitigate but not
completely prevent the adverse reactions. The
magnitude of the potential for serious harm
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Evidence and Uncertainties

Dimension

Conclusions and Reasons

¢ DAC associated immune-mediated adverse events affecting most
organ systems occurred in at least 28% of DAC-treated subjects
overall. In addition to autoimmune hepatitis and skin conditions
including eczema and other dermatitis these included psoriatic
conditions in 2%, enteropathy (1.2%), immune-mediated hepatitis
(0.3%), sarcoidosis (0.3%), vasculitis (0.3%), celiac disease (0.2%)
as well as glomerulonephritis in 2 subjects (< 0.1%), autoimmune
hemolytic anemia in 3 subjects (0.1%). Non-infectious colitis-
related events occurred in 1.5% of DAC treated subjects (of which
0.3% were SAEs) and none of the interferon beta-1a-treated subjects
in Study 301. Sometimes the events presented concurrently or
sequentially in the same patient.

e Dermatologic reactions occurred more frequently in DAC than in control
in the controlled trials; overall, TEAEs in this SOC occurred in 40% of
DAC-treated subjects. The events ranged from mild to severe and life-
threatening reactions, some requiring treatment with systemic steroids,
and some that required months to resolve after discontinuing DAC. The
Sponsor has not evaluated whether a biomarker can predict patients at
risk for serious skin reactions.

e Acute hypersensitivity included angioedema (3.6% in Total DAC;
2.4% on DAC vs 1.2% on Interferon beta-1a in Study 301),
anaphylaxis, and serious urticaria. Acute hypersensitivity events
occurred throughout the time period of treatment with DAC and
lasted up to at least 201 days.

e Three subjects had a rash with involvement of other organs or blood
count abnormalities such as eosinophilia and at least 5 others had
multiorgan failure that may have been immune-mediated.

e Serious infections occurred in 4.4% of subjects in Total DAC. SAEs
occurred more frequently in DAC than in control in the controlled trials.
TEAE:s in this SOC occurred slightly more frequently in DAC than in
control. SAEs included bacterial, viral, and mycobacterial infections.

e SAEs of Depression and Suicide attempt occurred in 6 subjects (0.3%)
and 5 subjects (0.2%), respectively. There was no imbalance in

after approval is unknown. Adherence to
monthly monitoring and evaluation particularly
of liver transaminases prior to administration of
the next dose is necessary. Some reactions
require a specialist to diagnose, because the
actions taken with the drug, the urgency of the
situation, and the treatment required depend on
the type of reaction and failure to adequately
monitor, recognize signs and symptoms, and
provide prompt medical treatment for many
adverse reactions in the postmarketing setting
would increase the risk of adverse and
potentially life-threatening outcomes.

For comparison, I show Warnings for other
approved MS drugs with similar adverse
reactions:

Hepatic Injury: Tysabri (acute liver failure
requiring transplant), Avonex (severe hepatic
injury including cases of hepatic failure;
autoimmune hepatitis), Gilenya (increased
transaminases), Aubagio (boxed warning
primarily based on leflunomide).

Cutaneous Reactions: Aubagio (SJIS/TEN for
leflunomide)

Acute Hypersensitivity: Tysabri (including
anaphylaxis), Avonex (includes anaphylaxis),
Lemtrada (serious infusion reactions in 3%
including anaphylactic shock and angioedema),
Tecfidera (anaphylaxis and angioedema),
Gilenya (including angioedema)

Immune System: Avonex (autoimmune
disorders), Lemtrada (autoimmunity including
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Evidence and Uncertainties

Dimension

Conclusions and Reasons

psychiatric SAEs in controlled studies; in Study 301 SAEs of completed
suicide/depression/depression suicidal/suicide ideation/suicide attempt
were reported in 0.4% in DAC and 0.7% in interferon beta-la. Most of
the SAEs were in patients with a prior history of depression. TEAEs of
Depression/Depressed Mood occurred in 10% of subjects on DAC in
Study 301, more frequently than on interferon beta-1a.

e Seizure SAEs occurred in 0.7% of DAC and 0.2% of interferon beta-1a
subjects in Study 301; TEAEs of seizures occurred in 1.2% of DAC
subjects and 0.3% of interferon beta-1a subjects. Interferon beta-1a
(Avonex) has a Warning in labeling regarding seizures.

e Malignancies of breast cancer in women (1 in Study 301 and 7 in
extension studies; all in European women) and breast cancer in men (1),
occurred in subjects treated with DAC. All occurred at rates greater
than reported background rates in the general population. Without a
comparator for the cases in the Total DAC database, it is difficult to
characterize the risk from DAC.

e Lymphadenopathy occurred in 6% of the Total DAC pool and SAEs
occurred in 1.6%. There was an imbalance in SAEs and TEAESs for
DAC compared to interferon beta-1a in Study 301 but no imbalance in
Study 201, reflecting the longer duration of exposure in Study 301.
Lymphadenopathy was associated with variety of conditions from mild
to serious processes requiring and treatment and invasive procedures to
diagnose.

Safety in the post-market setting

¢ The sponsor proposes that patients will self-administer DAC compared
to clinical trials where DAC was administered by a health care
provider (with protocols amended so that administration of the next
dose was to occur after review of liver laboratory values).

e Whether patients and physicians will adhere to stringent monitoring
recommendations, including evaluation of laboratory values, once
DAC is marketed is an uncertainty.

e Fatal autoimmune hepatitis occurred in a patient who resumed DAC
after a 6-month treatment free period. The risk of severe or life-

thyroid in 34%, immune thrombocytopenia in
2%, glomerulonephropathies in 0.3%).
Infections: Tysabri (PML, herpes encephalitis
and meningitis), Lemtrada (Infections in 71%
vs 53% in interferon beta-1a; serious in 3% vs
1% in Avonex), Gilenya (infections in Section
5.2 including life-threatening herpetic
infections, Kaposi’s sarcoma, cryptococcal
infections; PML in Section 5.3)

Malignancies: Lemtrada (thyroid cancer
[0.3%], melanoma [0.3%]), Gilenya (basal cell
carcinoma)

Depression: Avonex (Section 5.1, depression
and suicide)

Seizures: Avonex (seizures occurred in clinical
trials)
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Dimension Evidence and Uncertainties

Conclusions and Reasons

threatening reactions including autoimmune reactions when
resuming DAC after treatment interruption is an uncertainty.

e A patient registry that will be part of the REMS could be used to
support a post-marketing requirement to evaluate the main safety risks
of DAC in the postmarketing setting.

e Strong product labeling including a boxed warning and a Medication
Guide with recommendations for monitoring and evaluation of
laboratory parameters is necessary to mitigate the risks of
hepatotoxicity and some of the autoimmune/immune mediated
reactions. However, even with adequate monitoring, some patients
will likely experience serious adverse events. A REMS with ETASU
could help support the labeling recommendations.

A patient registry supporting the post-
marketing requirement for an observational
safety study will help to evaluate the main
safety risks of DAC in the post-marketing
setting.

A boxed warning should be included in
labeling to describe the risks of at least
hepatotoxicity and to provide recommendations
for monitoring and evaluation of laboratory
parameters that require interruption or
discontinuation of DAC. A medication guide
should be required to describe these risks and
symptoms of concern, and to highlight the need
for monitoring and evaluation prompt medical
attention should specific adverse events occur.
A REMS with ETASU could help support the
labeling recommendations.
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2. Background

This memorandum summarizes the primary concerns from the safety review, conducted by Dr.
Lourdes Villalba, of the daclizumab High Yield Process (HYP) BLA 761029 and provides my
conclusions and recommendations regarding the safety findings and management of the risks.

I also discuss the reviews from Dr. Mark Avigan and Dr. John Senior, Office of
Pharmacovigilance and Epidemiology who reviewed hepatotoxicity with daclizumab HYP (DAC)
in response to a consult request. In addition, I include the recommendations from the consult of
Dr. Amy Rosenberg, Director, Office of Biotechnology Products, Division of Biotechnology
Review and Research III, regarding potential biomarkers for identification of patients at risk of
DAC-induced autoimmune disease.

o The product information and the applicant’s proposals
DAC is a humanized monoclonal IgG1 antibody that, according to the sponsor, binds to the
alpha subunit of the high-affinity interleukin 2 (IL-2) receptor on T cells (CD25), modulating
T cell signaling. The sponsor states that this results in higher levels of IL-2 available for
signaling through the intermediate-affinity IL-2 receptor. The sponsor states that DAC reduces
regulatory T cells (T regs), but states that there is functional adaptation by T regs as well as
expansion of other immunoregulatory cell populations such as NK cells, so that DAC can
impact MS pathology without causing nonspecific immunodepletion. The proposed indication
for DAC is treatment of patients with relapsing forms of multiple sclerosis (MS). The
proposed dose is 150 mg injected subcutaneously once a month.

With respect to safety issues, Dr. Villalba notes that T regs are critical to maintaining
immunological tolerance against self-antigens and that T reg deficiency can lead to
development of autoimmune disease. Dr. Villalba describes “Immune Polyendocrinopathy X-
linked syndrome” (IPEX) characterized by eczema, inflammatory bowel disease, autoimmune
endocrinopathy, and other autoimmune diseases and notes that several conditions cause
“IPEX-like” syndromes including CD25 or IL2 receptor alpha (IL2 RA) deficiency.

DAC HYP is not approved for any other indication in the United States. A different
formulation (Daclizumab Nutley) was marketed as Zenapax for prevention of transplant
rejection but has been withdrawn due to limited usage.

o Therapeutic context
MS is a chronic, autoimmune and neurodegenerative disorder of the central nervous system
that affects an estimated 2.5 million individuals worldwide. Dr. Villalba notes that twelve
products are approved for use in patients with relapsing forms of multiple sclerosis in the
United States. The available products have a variety of safety issues. Please refer to Dr.
Villalba’s review for a summary of important safety issues for the approved products.

e Regulatory background and marketing history
With respect to drug safety in humans, an increased incidence of transaminase elevations was
observed in subjects treated with DAC compared to placebo in clinical studies, and 1 patient
died of liver failure due to autoimmune hepatitis approximately 3 months after her last dose.
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Protocols were amended to include LFT monitoring every 4 weeks throughout the studies
(instead of just in the initial months of the study) and evaluation prior to the next dose, to
provide guidelines for treatment interruption or discontinuation, and to limit concomitant
treatment with hepatotoxic drugs, and an external independent Hepatic Adjudication
Committee (HAC) was convened to evaluate specific hepatic events.

At an End of Phase 2 Study on September 25, 2008, it was noted that a QTc study would not
be necessary if analysis from clinical trials did not suggest an effect on QT. A Pre-BLA
meeting was held on October 8, 2014, for which specific safety information was agreed upon
but was missing from the original application that was submitted on February 27, 2015. The
information was submitted on April 2, 2015. The application was filed, and the 74-day Filing
letter included several requests for information and clarification related to safety. As Dr.
Villalba notes, among the multiple responses to requests for information, the April 2, 2015,
submission was considered to be a Major Amendment.

There is no foreign marketing experience with DAC HYP. The Sponsor submitted a Marketing
Authorization Application to the European Medicines Agency in 2015.

3. Product Quality

Please refer to the CMC review.

4. Nonclinical Pharmacology/Toxicology

Please refer to the nonclinical reviews. In the DAC development program, adverse effects of
concern included skin lesions. In addition microglial aggregates were observed in brain and
spinal cord, the significance of which in humans is unknown according to the sponsor.

5. Clinical Pharmacology

Please refer to the Clinical Pharmacology review. The following information is from Dr.
Villalba’s summary of information provided by the applicant and reflects the findings most
relevant to safety.

Pharmacokinetics
e Tmaxis 1 week.
e Elimination half-life is 21 days; steady state is reached in 16 weeks at the proposed
dose/schedule.
e The mean steady state trough concentration (~15 ug/ml) exceeded the 5.0 ug/ml
concentration required to maintain full saturation of CD25 receptors.

Pharmacodynamics

e Saturation of CD25 receptors on T cells occurred within 8 hours of the first dose and
was sustained throughout the monthly dosing interval.
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e Expansion of NK cells occurred as early as 2 weeks after treatment initiation,
continued to expand during the first 12-18 months of treatment (most of the increase
during the first 6 months), and in the 2" year approached a plateau that was sustained
for at least 3 years of treatment.

e Tregs decreased within the first week of treatment initiation; nadir reached by
approximately Week 8 and sustained for at least 3 years of treatment.

e After discontinuation of treatment, NK cells and Tregs returned to pretreatment levels
within 20-24 weeks of the last dose and unoccupied CD25 receptor levels returned to
baseline values by 24 weeks after the last dose.

6. Clinical Microbiology

Please refer to reviews by Drs. Bo Chi and Colleen Thomas.

7. Clinical/Statistical- Efficacy

Please refer to Dr. Larry Rodichok’s review of efficacy.

8. Safety

8.1 Safety Review Approach

Dr. Villalba’s review used the following pools in the analysis of DAC clinical safety:

Study 201 (1 year; DAC 150, DAC 300, or placebo q 4 weeks)
Study 301 (up to 3 years, DAC 150 q 4 weeks subcutaneously vs Interferon beta-1a 30
ug once weekly IM)
Total DAC HYP experience:

201 (and its 1 year extension 202)

301 (and its extension of up to 6.5 years, 203%*)

303* (up to 3 years; extension to 301)

302* ('a Phase 3 open label study with extension; up to 3 years)

* DAC 150; ongoing at the time of original BLA submission.
Supportive safety data include studies with daclizumab Penzberg (for MS) and
daclizumab Nutley (for psoriasis, asthma, uveitis, ulcerative colitis), as well as
postmarketing data from Zenapax and basilxumab (another anti-CD25 monoclonal
antibody approved for prevention of acute renal transplant rejection).

In Study 201, study drug was administered by either the treating neurologist or the treating
nurse. Confirmed relapses could be treated with intravenous methylprednisolone (IV MP)
1000 mg/day for 3-5 days, and concomitant IFN-B was allowed starting at Month 6 for
confirmed relapse. Subjects who withdrew from the study were no longer followed except in
the case of SAE or pregnancy.

In Study 301, DAC was administered in the clinic. Suspected MS relapses could be treated
with [V MP; concomitant IFN-B was not allowed. According to the protocol, subjects who
withdrew and had SAEs were followed by the Investigator until the event resolved, stabilized,

10
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or returned to baseline.

8.2 Review of the Safety Database

Adequacy of the drug exposure experience (i.e., the safety database)

A total of 2236 patients (5214 patient years) were exposed to DAC in the development program as
of the Safety Update (SUR). The table below, from Dr. Villalba’s review, shows duration of
exposure at the proposed dose of 150 mg or higher. The exposure exceeds ICH guidelines of 1500
patients total, 300-600 patients for 6 months, and 100 patients for 1 year.

DAC Duration of Exposure

Number of patients with MS exposed to DAC HYP 150 mg or higher:
Any exposure >=12 months >=24 months >= 36 months or longer
N= 2236 N= 1576 N=1259 N= 888

*SOURCE: Original ISS and SUR (6/25/15). SUR data includes 395 exposed for 4 years and 211 exposed for 5
years. At the time of the original submission the total DAC experience (n=1785) included only 146 patients from
study 303.

The total number exposed to DAC 150 mg was 1943 and the number exposed to DAC 300mg was
293. However, Dr. Villalba notes that the calculation of exposure is based on assigned treatment,
not actual treatment, and she notes that this number includes 21 patients from site 903 in study 201
in which the pharmacist purposefully administered active treatment to all patients (administering
the wrong treatment) such that according to the study report all subjects allocated to placebo
received DAC at an unknown dose at least once during the study and most received DAC 4 times
or more. I agree with Dr. Villalba’s decision that the type of adverse events in these patients could
be consistent with either active drug or placebo, and that the intent to treat analysis appears
acceptable for calculating the denominator.

In Study 201, mean time on study treatment was similar across treatment groups,
approximately 320 days, and 81-87% of subjects received all planned doses (87% for placebo,
84% and 81% for DAC 150 and 300 mg, respectively). In Study 301, mean time on treatment
was similar for the Interferon beta-1a group (approximately 100 weeks) and for the DAC
group (approximately 102) weeks; subject years on treatment were similar for both groups —
approximately 1777 subject years for Interferon beta-1a and 1797 subject years for DAC.
Eighty percent of subjects in the Interferon beta-1a group and 84% in the DAC group
remained in the study for at least 96 weeks.

As Dr. Villalba shows, treatment groups were well balanced with respect to age (mean age
approximately 36 years across groups), gender (63-68% female), and weight and were similar
to clinical trials with other MS products. There were only 49 patients in the 18-19 y.o. age
group and only 2 patients older than 55 years. Across treatment groups and studies at least
90% of subjects were White. Study 201 included only non-US patients and Study 301
included 13% US and Canadian patients. The highest recruitment was from combined Eastern
Europe, Mexico, Argentina, India, and Brazil.

11
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Of note, Studies 201 and 301 excluded patients with a history of taking various
immunosuppressant drugs for specific periods ranging from three months prior to the study to
within a year of participating in the study. These limitations should be considered if the drug
is approved.

8.3 Adequacy of Applicant’s Clinical Safety Assessments

Because of the long half-life of DAC, analyses of AEs included events with an onset date up to
180 days after study drug discontinuation and I agree with Dr. Villalba that this is appropriate.

I agree with Dr. Villalba that the safety assessment methods were generally adequate.
However, as she notes, glucose and calcium measurements (as well as uric acid and
phosphorous) were not included as routine evaluation in clinical trials. Dr. Villalba notes that
the Zenapax label carried a precautionary statement regarding hyperglycemia and increasing
fasting glucose levels, and she notes that in the present application 22 patients had AEs
consistent with diabetes. She also notes that the lack of calcium levels hampers evaluation of
patients with AEs of fractures, lithiasis, and sarcoidosis. I note that the Zenapax label, last
approved in 2005, listed hyperglycemia as an undesirable effect; “A total of 16% (10 of 64
patients) of placebo-treated patient and 32% (28 of 88 patients) of patients treated with ZENAPAX
had high fasting blood glucose values. Most of these high values occurred either on the first day
post-transplant when patients received high doses of corticosteroids or in patients with diabetes.”

As noted by Dr. Villalba, subsequent to a case of fatal autoimmune hepatitis in Study 202,
protocol amendments to Study 302 increased monitoring for laboratory signals related to
hepatic function and updated criteria for temporary suspension or discontinuation of study
treatment for elevations in ALT, AST, or total bilirubin. The list of prohibited medications
also increased with respect to risk of hepatotoxicity. Protocol amendments also gave
additional guidance on evaluation and management of cutaneous and hematologic events and
depression.

As previously mentioned, a pharmacist purposely dosed all 21 subjects from site 903 in study
201 with DAC instead of the assigned treatment and these subjects were not excluded from the
safety analysis. Dr. Villalba notes that the types of adverse events these patients presented
could be consistent with active drug or placebo (except for 1 case of diabetes insipidus), and I
agree with her that the intent to treat analysis appears acceptable.

I agree with Dr. Villalba that the presentation of data for safety analyses in the application is of
poor quality. Please see her review, Section 8.3.1, for details. Dr. Villalba notes extensive
splitting of AE terms. Deficiencies in the adverse event (AE) datasets at the time of filing were
not adequately corrected and remained of poor quality when updated datasets were submitted.

As Dr. Villalba notes, inadequacies in follow-up of patient outcomes, miscategorizations of
AEs as non-serious when in fact they were serious, and failure to adequately capture all
relevant events in the datasets may lead to under-representation of the extent of toxicity and
impair characterization of incidence, duration, and reversibility for AEs found in this
submission. Dr. Villalba has identified some serious AEs, by reading the narrative, that were
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not captured in the datasets. The database did not adequately capture withdrawals as some
were only listed as interruptions. Dr. Villalba notes that sometimes the database listed
outcomes as no action taken with drug when the drug had already been discontinued because it
had been the last dose in the study. She gives an example of 90 subjects with events leading to
drug interruption in the hepatobiliary and Investigations SOCs for whom 14% discontinued
due to an AE close to that date, but were not included in numbers of subjects with AEs leading
to withdrawal. I believe that labeling can describe the range and degree of toxicity.

Although the outcome information is not available for many cases, I believe labeling can
describe the uncertainty.

8.4 Safety Results

Dr. Villalba has identified a number of important safety concerns that occurred in the clinical
trials for daclizumab. These issues occurred to a greater extent in subjects receiving DAC than
either placebo (in Study 201) or Interferon beta-1a (in Study 301). In several cases, Dr.
Villalba shows that the rates of the events continue to increase over several years of therapy.
Safety events identified as SAEs in the controlled trials are consistent with AEs resulting in
discontinuations and with those identified as TEAEs (serious and nonserious). Throughout
my review (and that of Dr. Villalba) the adverse events exclude events of MS or MS relapse.
Overall, there was an imbalance in SAEs, Discontinuations, and TEAEs in the controlled trials
for DAC compared to placebo in Study 201 or for DAC compared to Interferon beta-1a in
Study 301, as shown in the table below.

Patients with SAEs, Discontinuations, or TEAEs (each excluding MS or MS relapse

Study 201 Study 301 Total DAC
Placebo DAC DAC Interferon | DAC
150 300 beta-1la
n=204 n=207 n=208 n=919 | n=2236
n=922

All SAEs
(excluding MS
relapse) 5.9% 7.2% 8.7% 9.4% 15.5% | 15.7%
Discontinuations | 1% 2.9% 3.8% 9.0% 14.3% | 12.9%
TEAEs 69% 72% 73% 91% 88% 82%

Dr. Villalba notes that AE dropouts occurred throughout the study periods; in Study 301 dropouts
separated from Interferon beta-1a after about 500 days.

Dr. Villalba identified no adverse events of aplastic anemia in the clinical development
program. She did identify events of acute pancreatitis and events that she considers to be drug
reaction with eosinophilia and systemic symptoms (DRESS), although I do not believe these
clearly meet the definition of DRESS. One case (203-901-006) was reported as Stevens
Johnson Syndrome (SJS), although the expert dermatologist report did not believe it was SJS
and there were no other cases of SJS or toxic epidermal necrolysis (TEN). Dr. Villalba
identified an event of pancytopenia in a narrative (not included in the datasets) in subject
303/453-048 with brucellosis'. There was one event of agranulocytosis (301/660-007) that Dr.

IThe incidence of pancytopenia with brucellosis reportedly ranges from 3-21% (Sari I, Altuntas F, Hacioglu S, et
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Villalba believes may have been related to treatment with sulfa drugs and unlikely related to
DAC.

Safety issues of concern in Dr. Villalba’s review include:

e Drug-induced liver injury (DILI) that includes 1 death, 1 liver failure, and many cases
of DILI

e Immune/Autoimmune-Mediated Reactions (in addition to those captured under skin
reactions), including colitis, sarcoidosis, celiac disease, interstitial lung disease,
vitiligo, hemolytic anemia, thrombocytopenia, diabetes mellitus, glomerulonephritis
(n=2), rheumatoid arthritis that required invasive procedures to diagnose and prolonged
immunosuppressive therapy with steroids or azathioprine to treat; inflammatory
syndromes with multiorgan failure; and lymphadenopathy.

e Skin Reactions

e Acute Hypersensitivity, including anaphylaxis and angioedema

Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS) and other

Systemic Inflammatory Reactions

Infections

Depression and Suicide

Seizures

Malignancies, in particular breast cancer and non-Hodgkin lymphoma

Lymphadenopathy

I first discuss deaths in the database. Next I discuss safety issues of concern that I have
identified above and then other serious adverse events, incorporating information from SAEs,
Discontinuations, TEAEs, and labs, as appropriate. That is followed by a summary of TEAE:s.
I finish Section 8.4 with a summary of the other issues discussed in Dr. Villalba’s safety
review (including laboratory values, vital signs and electrocardiograms and immunogenicity).

Deaths
Five deaths (5/2336, 0.2%) occurred in the DAC clinical development program overall;
4 on DAC 150, 1 on DAC 300 vs none on placebo and 5 on Interferon beta-1a. The five
deaths in DAC-treated subjects were: 1 of autoimmune hepatitis, 1 of complications
subsequent to a severe cutaneous reaction, both likely related to DAC use; 2 of
complications subsequent to aspiration pneumonia in patients with advanced MS, for
which a role for DAC in increasing the risk of infection cannot be ruled out; and 1 of
subdural and subarachnoid hemorrhage after a fall. Please refer to Dr. Villalba’s review
for details; I summarize the deaths below.

Subject 202/909-001 was a 45 y.o. female who died of consequences of autoimmune hepatitis,
liver failure, and multiorgan failure. She had received 1 year (13 doses) of DAC 300mg in
study 201. In Study 202 she received 4 doses of placebo (with 6 months off of DAC),
followed by 3 doses of DAC 300 mg. On the day of the 2" dose of DAC in Study 202, ALT
was > 5X ULN and ALT was 4X ULN and on the date of the 4th dose, ALT and AST were

al. Am. J. Hematol. 83:334-339, 2008).
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12X ULN, and bilirubin and alk phos were slightly elevated. The maximum ALT was 18X
ULN, AST 33X ULN, and bilirubin 20X ULN. Please refer to Dr. Villalba’s review for
details of this case and please refer to a discussion of hepatotoxicity in Submission Specific
Safety Concerns, section 8.5.1 of her review and on p. 16 of my review. Of note, this subject
received tizanidine, a hepatotoxic drug, approximately 1 month prior to the transaminase
increases; duration of exposure to tizanidine is not noted in the narrative but according to the
information provided by the sponsor, she was taking no concomitant therapy at the time of
ALT elevation. The Hepatic Adjudication Committee considered this case autoimmune
hepatitis related to DAC. Subsequent to this case protocols were amended to include more
rigorous monitoring and evaluation before each dose and to exclude patients with drugs that
might confound assessment of liver toxicity.

Subject 201/304-006, with a history of rash with penicillin and trimethoprim presented with
elevated ALT on Day 169 in Study 201 and discontinued on Day 308 (last treatment on that
day, 12t dose) because of ALT/AST increase up to 3X ULN and mild increase in ALP. Liver
enzymes improved after drug discontinuation. She had mild forehead rash with first dose of
DAC that resolved without treatment. On Day 326 (2.5 weeks after last dose of DAC) she
developed a severe cutaneous drug reaction (extensive maculopapular rash on feet, hands,
chest, abdomen, and back; desquamative; with mucosal involvement) leading to
hospitalization and complicated with bacteremia, bilateral retinal vein thrombosis, psoas
abscess, and ischemic colitis, treated with anticoagulants complicated with GI bleeding
requiring resuscitation. Antidrug antibodies were present since Day 169 (supportive of a drug
allergy). Based on the autopsy the ultimate cause of death was psoas abscess causing ischemic
colitis, but I agree with Dr. Villalba that it likely was in some part a consequence of an
infectious complication of the severe cutaneous reaction. The skin biopsy was consistent with
a drug reaction of the “lichenoid type” and I note that lichenoid skin reactions can occur weeks
to months after exposure to the suspect medication? as in this case. I note that erythema
multiforme and toxic epidermal necrolysis (TEN) are types of lichenoid dermatoses, but as Dr.
Villalba notes there is not enough information to determine whether this case was SJIS/TEN or
even a case of DRESS (because of liver involvement).

Subject 301/431-004 died of septic shock and multiorgan failure subsequent to aspiration
pneumonia following MS relapse that occurred 2 months after the last dose of DAC
(discontinued because of cutaneous reaction). Subject 301/744-007 died from complications
of MS relapse and aspiration pneumonia (eventually complicated by sepsis) that began after 4
doses of DAC. Although neither of these deaths appear directly related to DAC, I agree that
the immunosuppression from DAC (and from azathioprine that was given for MS relapse in
the second case) could have contributed to the serious infections.

Subject 303/537-012 died of subdural and subarachnoid hemorrhage after a fall (after
treatment with heparin because of venous thrombosis for which, as noted by Dr. Villalba,
patients with MS have an increased risk®). This death does not appear directly related to DAC.

2 http://www.medscape.com/viewarticle/744497 15

3 Peeters PJHL, Bazelier MT, Uitdehaag BMJ, Leufkens HGM, De Bruin ML, de Vries F. The risk of venous
thromboembolism in patients with multiple sclerosis: the Clinical Practice Research Datalink. J Thromb Haemost
2014;12: 444-51
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Interferon beta-1a deaths were acute myocardial infarction in a patient with a cardiac history,
peritonitis after laparotomy, suicide 1 month after last dose of Interferon beta-1a, pancreatic
cancer, progression of MS 6 months after stopping Interferon beta-1a. I agree they do not
appear related to Interferon beta-1a.

In summary, 2 of the 5 deaths that occurred in patients treated with DAC appear related to study
drug (one autoimmune hepatitis and one infectious complication of a serious cutaneous reaction)

and 2 others involved serious infection for which a role for DAC cannot be ruled out.

Submission Specific Safety Issues

Drug-Induced Liver Injury (DILI)

DAC is associated with DILI. There was one death due to DILI, discussed above. SAEs and
discontinuations in the Hepatobiliary disorders or listed under liver investigations HLGT in the
Investigations SOC occurred more frequently in DAC than in control in the controlled trials.
Transaminase elevations for DAC were greater than for control in the controlled trials. TEAEs of
ALT or AST increased were greater for DAC than for control and were among the most common
(>5%) TEAEs in the controlled trials. At least 4 Hy’s law cases were identified in the clinical trial
database for which a role for DAC cannot be ruled out. At least 7 cases of DILI (2 of the Hy’s
law cases including the death) were autoimmune hepatitis. I agree with Dr. Villalba that the
findings regarding DAC-induced DILI are concerning. Onset of DILI is unpredictable, it
occurs despite monitoring, it can be fatal, and risk factors to predict patients who are
susceptible are not yet identified. I recommend a Boxed Warning for DILI and
recommendations for stringent monitoring. As suggested by Drs. Villalba and Avigan, even
monitoring will not fully eliminate risk for a life-threatening hepatotoxic event.

SAEs and Discontinuations in the Hepatobiliary disorders or listed under liver investigations
HLGT in the Investigations Soc and Transaminase Elevations

Study 201 Study 301 Total DAC
Placebo | DAC DAC Interferon | DAC
150 300 beta-1a
n=204 n=207 n=208 n=919 | n=2236
n=922
SAEs in 0.5% 1.4% 0.5% 0.8% 0.9% 1.3%
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Hepatobiliary

Disorders and

Investigations

(Hepatobiliary

HLGT)

SAEs related to 0.5% 1.0% 0.5% 0.1% 0.5% 0.9%?
DILI

Discontinuations | 0.5% 1.4% 0.5% 3.9% 5.3% 6.4%
TEAEs (at least 5%) in Investigations SOC

ALT increased 2% 5% 6% 7% 8% 8%
AST increased 5% 5% 6%
Outlier Analysis of ALT®

ALT >3X ULN 3.4% 7.7% 6.7% 8.2% 9.5% | 9%
ALT > 5X ULN 1% 4.3% 3.8% 3.2% 5.8% | 6%
ALT> 10X ULN |0 3.4% 1.4% 1.2% 2.6% | 3%
ALT>20X ULN |0 1.4% 1.0% 0.4% 0.9% | <1%
ALT>3X ULN, 0.5% 0.5% 0.5% 0.1% 0.7% | 0.8%
BR>2X ULN,

ALP <2X ULN

Information in the table is extracted from Dr. Villalba’s review, except TEAEs for Total DAC that are
from the SUR.

2 Includes 20 SAEs of DILI; 21 cases would also be 0.9%.

"Dr. Villalba notes that more patients had BR >2 X ULN with no increase in ALT or AST on DAC (24
subjects, 2.6%) vs Interferon beta-1a (4 subjects, 0.4%) in Study 301 that could be consistent with
Gilbert’s or given the imbalance perhaps an obstructive component of DAC induced hepatotoxicity.

Dr. Villalba identifies 21 DILI SAEs in the Total DAC database (16 identified by the sponsor
through the SUR, 3 additional after the SUR, and 201/509-007 (coded as arteriovenous
malformation under Congenital instead of ALT inc under Hepatobiliary or Investigations) as
well as a case of cholangitis that she believes is DILI but Dr. Avigan believes is bacterial.*
Please refer to Section 13.3.4.1 of her review for a list of subjects with DILI and to SAEs,
Laboratory Findings and Section 8.5.1 of her review for a discussion of the issue.

All SAEs in the Hepatobiliary SOC led to drug withdrawal. Dr. Villalba notes that the majority of
withdrawals in the Investigations SOC were non serious, and that patients with ALT or AST > 5X
ULN had to be withdrawn with procedures put in place after the fatal hepatotoxic event. She
notes that many of the non-SAE that led to drug withdrawal in hepatobiliary and investigations
SOCS were confounded by use of other potentially hepatotoxic medications or possible infections
and some occurred in patients who had also developed some kind of rash, lymphadenopathy, and
in 1 case Crohn’s disease. She also notes among the discontinuations a case consistent with
Primary Biliary Cirrhosis (PBC) in a 51 y.o. female on Day 113 of DAC (302/622-108) who she
proposes may have had underlying PBC exacerbated by DAC use.

Time to onset for SAEs of DILI ranged from 57 days to more than 3 years of exposure to
DAC, and some events started up to 2 months after the last dose of DAC. The events included

4 Dr. Villalba also believes that a case of brucellosis and a case of yersiniosis are DAC-related DILI, as well as a
case with ALT>30X ULN coded as “celiac disease causing elevated liver enzymes”.
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increases in ALT up to 67X ULN, AST up to 48X ULN, and BR up to 7X ULN.  Some had
concomitant other immune-mediated adverse reactions, such as cutaneous reactions. Many
cases were confounded by viral infections or by hepatotoxic medications, although Dr.
Villalba notes that the use of potentially hepatotoxic medications was balanced in Study 301.
Although it is not possible to attribute definitively the cases to DAC, there is an imbalance in
the controlled trials, and I agree with Dr. Villalba that DAC most likely played a role in these
cases and that DILI is an important safety concern with DAC.

Dr. Villalba notes that at least 8 patients received high dose corticosteroids, including 3 also
treated with azathioprine, for suspected autoimmune hepatitis (AIH). All DILI SAEs but the
fatal event resolved one to several months after DAC discontinuation, with or without
corticosteroid treatment (although some are still on low dose corticosteroids (one of them >2.5
years later) and I agree with Dr. Villalba that these should not be considered resolved.

An exploratory genome-wide association study (GWAS) conducted by the Sponsor did not
identify a genotype that could predict DAC-associated liver disease in individual patients.
Other risk factors have not been identified, although Dr. Avigan suggests that individuals pre-
disposed to autoimmune disease may be at risk for AIH.

Dr. Villalba shows that the risk for SAEs in this SOC increased after 200 days on DAC. The
cumulative rates of all AEs in this SOC similarly increases over time up to about 300 days in
Study 201 and up to about 800 days in Study 301 before beginning to plateau. In Study 301,
the cumulative rate of events separates from Interferon beta-1a beyond approximately 200
days.

Drs. Avigan and Villalba have identified at least 7 cases of AIH (7/2236, 0.3%) probably or
possibly related to DAC.® Dr. Villalba calculates a rate of AIH in the database of at least
7/5214 PYRs or 134 per 100,000 patient years (PYRs). She compares this to the overall
incidence in the general population of 2 per 100,000 per year (of which an estimated 9% are
drug-induced), or as cited in another publication, 23.8 per 100,000 PYRs in untreated M'S
patients. Dr. Avigan notes that in contrast to idiopathic AIH, many of the DAC DILI cases
were not associated with high titers of serum antinuclear antibodies (ANA) or other
autoantibodies. Dr. Avigan notes that in a few cases there were substantial titers of these
antibodies, suggesting that DAC may also “exacerbate or unmask underlying autoimmune
diatheses involving the liver”. Of note, subject 303-649-009 had a positive ANA titer,
previously had autoimmune thyroiditis on interferon beta-1a in Study 301, and developed
thrombocytopenia after discontinuation of DAC following tapering of steroids that had been
used to treat AIH. Subject 301/205-006 had a history of hypothyroidism before starting
DAC, and after development of AIH was noted to have positive ANA titers characteristic of
AIH, and Dr. Avigan suggests that the subject could have had underlying AIH aggravated by

3> Confounding medications included escitalopram, metamizole, pulse methylprednisolone, carbamazepine,
valproic acid, acetaminophen, gabapentin, tizanidine, lamotrigine, proplythiouracil, and amoxicillin.

6 Subjects 202/909-001, 203/506-011, 203/508-012, 301/670-035, 302-622-103, 303-649-009, and 301-205-006.
Dr. Avigan believes that elevated transaminases in subject 202-765-003 reflected alterations induced by Gilbert’s
Syndrome (mildly elevated bilirubin) and thyrotoxicosis (elevations in ALP and ALT), rather than DAC, but
wondered whether DAC unmasks or aggravates thyroid autoimmune conditions.
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DAC. According to the NIH Livertox website (http://livertox.nih.gov/Phenotypes_auto.html),
the most important element in management of drug-induced AIH is to recognize the possible
role of the medication and discontinue it promptly; it recommends that high dose
corticosteroid therapy is appropriate if recovery does not start within 1-2 weeks of
discontinuing the drug or if there is any evidence of hepatic failure, and that follow-up should
take place for at least 6 months after steroid discontinuation to document full recovery and
absence of relapse.

Hy’s Law refers to the recognition that hepatocellular injury sufficient to impair bilirubin
excretion is an “ominous indicator of the potential for a drug to cause serious liver injury””’.
Dr. Villalba identified 17 subjects with biomarker values in the Hy’s law range (ALT or AST
>3X ULN, Total BR > 2X ULN, ALP <2X ULN). As Dr. Villalba notes, most of the cases
were confounded (or may have had an obstructive component). However, there are 4 Hy’s law
cases for which I agree a role for DAC cannot be ruled out (although 2 may be confounded):
Subject 201/454-019. This subject started hydroxyzine and escitalopram
approximately 30 days prior to the event, and the indication listed for both was
depression. Event started 1 month after last dose of DAC and resolved 2 months later
without use of corticosteroids. Escitalopram labeling includes fulminant hepatitis,
hepatic failure, hepatic necrosis, and hepatitis in postmarketing experience) It is not
clear from the narrative or the patient profile that escitalopram was discontinued.
Subject 202/909-001. Fatal hepatic failure after restarting DAC after 6 month
washout. Not obviously confounded. (Autoimmune hepatitis)
Subject 301/624-012. Life-threatening acute hepatic failure with jaundice,
hypoalbuminemia, increased INR. Concomitant valproic acid and Herbalife. Dr.
Avigan believes that the biopsy findings and elevated serum GGT levels are not
characteristic of valproic acid induced liver toxicity, and he notes that the time frame
and levels of exposure to Herbalife were not well documented.
Subject 303/649-009. Autoimmune hepatitis. In Study 301 received Interferon beta-1a
and developed autoimmune thyroiditis, but liver enzymes were normal in that study.
May have been pre-disposed to autoimmune disease.

The DILI Guidance uses the following major indicators of potential for severe DILI: excess of
aminotransferase elevations to more than 3X ULN compared to control, marked elevations of
aminotransferases of 5X, 10X, or 20X ULN in modest numbers of subjects in the test group
and not seen (or seen much less frequently) in control, and one or more Hy’s law cases.

According to the DILI Guidance, only the most overt hepatotoxins are expected to show
severe DILI in a clinical trial database of the size in this BLA. Finding 2 Hy’s law cases in a
clinical trial database is considered highly predictive that the drug has the potential to cause
severe DILI (fatal or requiring transplant) when given to a larger population, at a rate of about
1/10t% the rate of Hy’s law cases. The role of DAC cannot be ruled out in at least 4 Hy’s law
cases; that is a rate of at least 4/2336 (about 9/5,000); the potential to cause severe DILI would
be predicted to be about at least 2/10,000 (if the cases of AIH have the same implications as
the non-AIH cases). The DILI Guidance provides several examples of drugs (Troglitazone

7 Guidance for Industry. Drug-Induced Liver Injury: Premarketing Clinical Evaluation. 2009.
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM174090.pdf
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for Type 2 diabetes that was withdrawn when other drugs with similar efficacy but no
hepatotoxicity became available and the NSAID bromfenac) with rates of DILI in clinical
trials similar to DAC that were subsequently withdrawn postmarketing because of acute liver
failure despite recommendations regarding monitoring.

Dr. Villalba does not believe that the serious risks associated with DAC could be minimized
by adequate labeling and postmarketing measures including labeling and a REMS and believes
it would be difficult to comply with the stringent eligibility, monthly monitoring, and stopping
criteria used in clinical trials. She also believes that monitoring will not work, because serious
toxicity did occur despite strict monitoring and stopping criteria and because the risk of DILI
will be higher in a wider population using potentially hepatotoxic drugs that were excluded
from the clinical trials. Dr. Senior shares these concerns about hepatotoxicity and the ability
to mitigate the risk through monitoring and labeling and does not recommend approval. Dr.
Avigan states that because underlying idiopathic AIH or other pre-existing autoimmune
diatheses involving the liver may be exacerbated or unmasked by DAC HYP, the use of this
agent i patients with these conditions should be contraindicated (or not recommended).

I believe that the degree of success in mitigating the risk of serious hepatotoxicity even with
stringent patient selection and monitoring is an uncertainty. In the clinical trials, liver related
fatality did not occur subsequent to implementation of such measures, although serious drug-
related liver injury continued to occur. Patients with liver injury underwent biopsies and some
required long-term treatment with high dose corticosteroids or azathioprine. Based on the
results in the clinical trials, serious hepatotoxicity would certainly occur in the postmarketing
setting. If DAC were approved, labeling would require a boxed warning for hepatotoxicity
and details of the stringent monitoring would be required. A REMS would support the
labeling. The uncertainties of time to onset, duration of treatment required in cases of
hepatotoxicity, outcome even after treatment of hepatotoxicity, and other uncertainties
regarding characterization of the hepatotoxicity would have to be stated. The Sponsor is

proposing to have patients self-administer DAC. ors

At the time of this
review, details of a REMS are being developed. Ideally, a biomarker (phenotype or genotype)
predicting patients at risk would be found.

Malignancies

SAEs of malignancies (in the Neoplasms SOC) were generally balanced across drug and control in
studies 201 and 301 with single instances of non-benign malignancies with the exception of
melanoma that occurred in 2 subjects on DAC 300 in Study 201 but not elsewhere in the database.
Breast cancer occurred in the extension studies at rates greater than that in the background
population, as discussed below. Although the Sponsor’s consulting
hematopathologist/hematologist oncologist experts only assessed 1 case of lymphoma as probable,
3 subjects in the extension studies were treated for non-Hodgkin lymphoma (NHL): the rate of
NHL (either for 1 or 3 subjects) in the DAC database is greater than background for patients < 65
y.o.. Without a comparator for the cases in the Total DAC database, it is difficult to characterize
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the risk from DAC. Given the breast cancer in a male, a possibly increased rate in females, and a
rate of NHL greater than background, I suggest monitoring cancer risk in a post-marketing study if
DAC is approved. I would consider including these malignancies in the labeling.

Study 201 Study 301 Total DAC
Placebo DAC 150 | DAC 300 Interfero | DAC
n=207 n=208 n beta-
n=204 la n=919 n=2236
n=922
SAEs
reported
thru the
SUR
(benign
and non-
benign) 0.5% 0.5% 1.0% 1.2% 1.5% 1.3%?
Non- Cervical Cervical Melanoma Uterine (1) Breast
benign carcinoma | carcinoma | (2) Thyroid (1) cancer (5
SAEs thru Brain (1; day 24) | females)®;
the SUR Meningioma (1)
(in study Transitional cell 10 other
301 listed carcinoma (1) non-
for DAC Breast (1) benign;?
only)
15 benign

TEAEs 1% 1% 3% 4% 5% 5%

230 total SAEs in the SUR; 15 non-benign including pulmonary carcinoid, ovarian, 1 anal
carcinoma, as well as 4 breast cancer, in addition to those listed in Studies 201 and 301. Benign
neoplasms were generally heterogeneous, although I note 3 uterine leiomyomas in study 301 and 1
in study 303, after 100 to 989 days of therapy, 1 resulting in discontinuation of DAC.

b After the cutoff of the SUR, there were 3 additional cases reported in females (total of 8 cases)
and 1 in a male; discussed below.

The most frequent malignancies in Total DAC were breast cancer in females, one occurring in
controlled study 301. As of an update from the Sponsor on February 8, 2016, (after the cutoff of
the SUR), there were 8 females diagnosed with breast cancer. Their ages were 36-52 y.o. and they
were diagnosed 333 to 1980 days since starting DAC (1 occurred 1 year after stopping DAC
although the patient had reactive lymph nodes that Dr. Villalba believes suggests the possibility of
persistent DAC immunologic effects). The patients were from Germany, the Czech Republic,
Poland, and Serbia, and none from the US. The rates of breast cancer in females in the total DAC
population and in the background population are shown in the table below. This rate for DAC is
higher than the SEER background rate in the US population for females of all ages of 126 per
100,000 (but the Sponsor notes that the SEER rate is within the 95% CI for DAC) and for females
<50 y.o. that may be the more relevant comparison because the mean and median ages of all
subjects in the DAC database were 36 y.o. and there were no subjects> 56 y.o.. The rate for DAC
is higher than in the background European population for all ages (but the Sponsor notes that the
Globocan rate is within the 95% CI for DAC).

| Females with | Rate of breast | SEER rate for | SEER rate | Rate of breast | European |
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breast cancer | cancer in females of all | for females | cancer in background
in Total DAC | females in ages® <50y.0.° European rate in
Total DAC females in females
Total DAC? (Globocan)
8/1485 185/100,000 126/100,000 | 43/100,000 | 212.4/100,000 | 119.5/100,000
(0.5%) PYRs PY PY (all ages)
[95% CIL: [95% CI:
80.15 to 91.73 to (note: in the
365.3]2 418.02] age ranges of
40-55 y.o. the
(8/4311 rates are
PYRs) 102.6 — 213

per 100,000)

a Calculated by Sponsor in February 8, 2016, submission.
®SEER 9 areas (San Francisco, Connecticut, Detroit, Hawaii, lowa, New Mexico, Seattle,
Utah, and Atlanta). Rates are age-adjusted to the 2000 US Std Population (19 age groups -
Census P25-1130).

The Sponsor notes that all but one of the female subjects with breast cancer had 1 or more risk
factors including family history, hormone replacement therapy, or smoking history, but I do not
believe that this rules out a potential role for DAC. An increased risk is not biologically
implausible given the immunosuppressive effects of DAC. According to the Sponsor, the literature
suggests that the incidence rate of breast cancer among MS patients may be somewhere between
6% to 4 times greater than the rate observed in the general population. Identifying the most
appropriate comparison is difficult, as is predicting the risk in the U.S. population. Without a
comparator for the cases in the Total DAC database, it is difficult to characterize the risk of breast
cancer in females exposed to DAC.

One case of breast cancer occurred in a male patient from the United States. He had at least 36
doses of DAC prior to the event. The incidence of male breast cancer in the DAC database as of
December 21, 2015 is 0.1% (1/751) or 43 per 100,000 PYRs (1/2323 PYRs). This rate is
greater than the SEER rate in the background population for males of all ages (1/100,000).

Lymphoma was not reported in the DAC database as of the SUR, although after the cut-off of the
SUR there were 4 subjects diagnosed with non-Hodgkin lymphomas (NHL), all in patients treated
with DAC for 1.5 to 7 years. In 1 subject NHL is regressing after discontinuing DAC, without
treatment. Subject 203-500-003 (originally suspected to have peripheral T cell lymphoma; the
Sponsor’s expert hematologist/oncologist concluded atypical T-cell population with follicular
disruption without evidence of a Tcell lymphoma)® had regression following discontinuation
without specific treatment. Three of the subjects were treated with therapy for NHL, although the
external hematopathologist and hematologist/oncologist consulting for Biogen Idec did not believe
there was convincing evidence of lymphoma for 2 of the 3:
303/678-004 Dr. Villalba notes that the biopsy report favored “partial (~30-35%)
lymphoganglionic infiltration of grade 3A follicular, B-cell non-Hodgkin's malignant
Iymphoma.” The patient was treated with RCHOP. However, the Sponsor’s expert

8 March 3, 2016 response to IR.
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hematopathologist stated that “the current biopsy does not provide unequivocal evidence of a
non-Hodgkin B or T-cell lymphoma.” The Sponsor’s expert hematologist/oncologist said that
a B cell lymphoma is probable.

203/761-004 Considered by the treating physician to be follicular lymphoma. The patient is
being treated with rituximab. However, the Sponsor’s expert hematopathologist considered
this to be florid reactive follicular hyperplasia (B-cell hyperplasia) without evidence of
lymphoma.

203/453-003 diagnosed with peripheral T-cell lymphoma and treated with cyclophosphamide,
doxorubicin, vincristine, prednisone and etoposide (CHOEP) . However, Sponsor’s experts
considered it most likely a drug-induced (T-cell) lymphoid proliferation but did not see
convincing evidence of NHL (T-cell Lymphoma).

Dr. Villalba notes that the rate of NHL in the database, based on the 3 treated subjects in 5214
PYRs, is 58 per 100,000 patient years, greater than the background population rate for age < 65
from SEER of 9.3 per 100,000 population per year for the years 2008-2012
(http://seer.cancer.gov/cst/1975 2012/browse_csr.php?sectionSEL=19&pageSEL=sect 19 table.0
7.html). Although 2 patients may have been treated as if they had NHL, the consultants did not
find evidence to support that diagnosis in these cases. Even 1 case in 5214 PYRs is 19.2/100,000
PYRs (the sponsor has calculated a rate of 15.9/100,000 PYRS), still higher than the SEER
rate. The sponsor cites rates of lymphoma in the general population 19.6/100,000 [citing
National Cancer Institute 2014] and 7.0/100,000 [citing International Agency or Research on
Cancer 2012], but I believe that their cited rate from SEER/NCI reflects all ages (the rate for
all ages cited on the SEER website is 19.7/100,000 and Globocan is 6/100,000). However,
with a single case it is not possible to attribute this to an effect of DAC.

Skin and Subcutaneous Tissue Disorders
SAEs, discontinuations, and TEAEs in the Skin and Subcutaneous Tissue Disorders SOC occurred
more frequently in DAC than in control in the controlled trials; overall, TEAEs in this SOC
occurred in 40% of DAC-treated subjects. The events ranged from mild to severe and life-
threatening reactions, some requiring treatment with systemic steroids, and some that required
months to resolve after discontinuing DAC. I agree with Dr. Villalba that it would be difficult
for a non-dermatologist to distinguish between many of the skin rashes and I agree with her
that this is very important because the actions taken with the drug, the urgency of the situation,
and the treatment required depend on the type of skin reaction. I agree with Dr. Villalba that
an analysis of the rate of eczematous and psoriatic conditions among patients who had a prior
history of such conditions vs those who did not might help identify patients at risk for such
DAC-induced reactions. I would also recommend that the Sponsor evaluate whether there is a
biomarker predictive of specific skin reactions.

SAEs, Discontinuations, TEAEs overall, and TEAEs >5% on DAC and > placebo in Study 201 or
at least as frequent as Interferon beta-1a in Study 301 in the Skin and Subcutaneous Tissue
Disorders SOC

Study 201 Study 301 Total
DAC

Placebo | DAC 150 | DAC 300 | Interfero | DAC
n=207 n=208 n beta-
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n=204 la n=919 n=223
6
n=922
SAEs 0% 1% 1.4% 0.1% 1.5% 2%
Rash, Dermatitis | Dermal Angioedema (2),
Dermatitis | allergic, cyst Leukocytoclastic
exfoliative | Dermatitis vasculitis,
atopic, DRESS,
Erythema Psoriasis (2),
nodosum Toxic skin
eruption
Discontinuations | 0% 1.4% 1.4% 0.8% 4.7% 4%
TEAESs 12.7% 15.9% 18.3% 19.1% 37.3% 40%
Rash? 1% 7% 7% 4%° 10% © 9%
Dermatitis- and | 2% 3% 6% 6% ° 14%¢ 14%
Eczema-Related
TermsP

2] combined rash, rash macular, and rash maculopapular from Table 35 of the report for Study
201 consistent with the Sponsor’s grouping in the report for Study 301. TEAEs in Total DAC
are from SUR.

T combined eczema, dermatitis, dermatitis allergic, dermatitis atopic, and seborrheic
dermatitis, and dyshidrosis from Table 35 of the report for Study 201, consistent with the
Sponsor’s grouping in the report for Study 301. TEAEs from Total DAC are from the SUR.

¢ The terms reported here are from Table 219 of the study report for Study 301 and combine
multiple terms for Rashes, Eruptions, and Exanthems. Dr. Villalba provides the same findings
from the JumpStart Team in Section 8.5.2 of her review.

Dr. Villalba shows that the risk for SAEs in this SOC increased after 200 days on DAC. The
cumulative rates of all AEs in this SOC similarly increases over time up to about 300 days in
Study 201 and up to about 800 days in Study 301 before beginning to plateau. In Study 301,
the cumulative rate of events separates from Interferon beta-1a beyond approximately 200
days.

In addition to the SAEs noted above in Studies 201 and 301 and additional cases of those
terms in the Total DAC Pool, SAEs in the Total DAC pool included hidradenitis,
papulosquamous conditions, lichenoid keratosis, photodermatosis, urticaria, and erythema
multiforme, as well as an event of cutaneous sarcoidosis, an event of parapsoriasis (a pre-
malignant condition), and an event of cutaneous vasculitis. A subject may have had more than
1 event, such as subject 301-660-008 with cutaneous vasculitis in Study 301, treated with
steroids who developed erythema multiforme in Study 303. An event of Stevens Johnson
Syndrome (SJS) was reported (203/901-006), but not confirmed and was felt by the Sponsor’s
expert dermatologist not to be SJS.

In addition to the AEs noted above and additional cases of those in Total DAC, Dr. Villalba
also notes AEs in this SOC that occurred in < 5% but with a >3% risk difference or >3x
relative risk in DAC vs Interferon beta-1a including angioedemas, bullous conditions, dermal
and epidermal conditions, exfoliative conditions, photosensitivity and photodermatoses,
psoriatic conditions, and rosaceas.
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Dr. Villalba notes that reactions ranged from mild reactions managed with topical treatment to life
threatening reactions including complications likely contributing to 1 death. She notes that some
of the rashes were associated with alopecia and scarring. She notes 6 cases of cutaneous vasculitis
and 1 of panniculitis (inflammation of subcutaneous adipose tissue) that she notes require
immediate drug discontinuation and starting of aggressive immunosuppressive treatment in
some cases. Among the severe SAEs was Subject 301/512-002 with toxic dermatitis who was
barely able to walk due to vesicles on her feet.

Some AEs required hospitalization, or treatment with corticosteroid therapy or drugs such as
topical cyclosporine. Dr. Villalba notes that at least 2 subjects had mild psoriasis at entry and had
exacerbation of psoriasis requiring UV treatment. Some patients were treated with
plasmapheresis with the goal of removing remaining drug, and resolved several months after
drug discontinuation (e.g. 9 months in Subject 301/512-002). Four SAE were reported as not
resolved at the time of the submission (including subject 301/152-004 with exfoliative
dermatitis that had not resolved, despite treatment with prednisone, 11 months after DAC
discontinuation).  Please refer to Dr. Villalba’s review for a complete list.

Dr. Villalba notes that the role of plasmapheresis in treating the skin reactions is unclear. At
the “Late Cycle Meeting” on February 24, 2016, the Sponsor clarified that plasmapheresis had
been carried out by one investigator and that its role in removal of DAC had not been
evaluated. It would be useful to have information about whether plasmapheresis removes
daclizumab and how long it takes to get to an undetectable level.

The Central Dermatologist, ®® jdentified most cutaneous events as eczema or psoriatic
events. Psoriatic conditions occurred in 2% of patients on DAC vs 0.3% on Interferon beta-1a in
Study 301. Dr. Villalba notes that eczema and psoriasis are not uncommon in the general
population and the rates in the DAC database were within the background in the general
population. According to the Central Dermatologist Report ®® found in the
Summary of Clinical Safety, the background rate of psoriasis in adults of European ancestry is 3%.
The report suggests that about 30% of adults may be susceptible to atopic dermatitis, a T-cell
mediated inflammatory disease in which eczema is common. Still, there was an excess in DAC vs
comparator and Dr. Villalba as well as the Central Dermatologist provide a detailed discussion of
mechanisms that impart biologic plausibility to the serious dermatologic AEs N
concludes that “A reasonable plan for management of cutaneous adverse events post approval
of this drug could be to inform prescribers what to expect, recommending referral to a
dermatologist for further evaluation for clinically worrisome skin reactions.”

Infections

SAEs in Infections and Infestations occurred more frequently in DAC than in control in the
controlled trials. TEAEs in this SOC occurred slightly more frequently in DAC than in control.
The Infections SOC accounted for the most SAEs in the Total DAC database, but resulted in few
discontinuations. SAEs included bacterial, viral, and mycobacterial infections. In several cases, |
agree with Dr. Villalba that immune-mediated reaction vs infection cannot be ruled out.

SAEs of Infections that occurred in at least 2 subjects on DAC in a given study in the controlled
trials and more frequently than control are shown in the table below.
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Study 201 Study 301 Total DAC

Placebo | DAC DAC Interfero | DAC

150 300 n beta-
n=204 n=207 n=208 | la n=919 [ n=2236
n=922

SAEs of Infections 0% 2.9% 1.5% 1.6% 4.4% 4.4%
Overall
Urinary Tract Infection ? 0% 0.5% 0% 0.3% 1.2% 0.9%
Pneumonia/Lobar 0.2% 0.8% 0.7%
Pneumonia
Appendicitis/Appendicitis | 0% 0.5% 0% 0% 0.3% 0.2%
perforated
Cellulitis - - - 0% 0.2% 0.1%
Enteritis/Enterocolitis - - - 0% 0.2% <0.1%
infectious
Viral Infection 0% 1.4% 0% 0.2% 0.8% 0.6%
Discontinuations 0% 0.5% 0.5% 0.3% 0.5% 0.8%
TEAEs 44% 50% 54% 57% 65% 59%

aUrinary Tract Infection includes Cystitis/urinary tract infection, genitourinary tract infection,
pyelonephritis/pyelonephritis acute, and urinary tract infection; does not include urosepsis.

Dr. Villalba notes that the most common serious infections with DAC overall were respiratory
tract infections (at least 36 subjects (1.6%) in the total DAC database); these were driven by lower
respiratory tract infections, primarily pneumonia, but also included 3 cases in an extension study
consistent with atypical pneumonia or immune mediated pneumonitis. One SAE of pulmonary
tuberculosis in Study 301 occurred in a DAC-treated subject. An SAE of “probable tuberculosis”
occurred after the cutoff of the SUR (and which Dr. Villalba thinks may be consistent with
sarcoidosis if no infection is found); that patient is being treated empirically with antifungals (for a
differential diagnosis that includes aspergillus) and anti-TB drugs with follow-up pending at the
time of review. Dr. Villalba notes 4 “non SAEs” of tuberculosis reported with DAC. 1 agree with
Dr. Villalba’s recommendation (in the discussion of discontinuations) that if approved, patients
should be screened for latent tuberculosis prior to receiving DAC.

Dr. Villalba notes other serious bacterial infections: one case each of hepatic yersiniosis (201/752-
018), brucellosis with pneumonia and liver involvement (303/453-048) that she notes lacked data
to support the diagnoses and proposes that they are consistent with a systemic inflammatory
reaction to DAC. Similarly she notes 2 cases of clostridium difficile colitis (in studies 202 and
302) with no data to support the diagnosis and proposes that these are cases of non-infectious
inflammatory colitis. She notes 1 case of neuroborreliosis and 2 cases of Lyme disease in patients
on DAC in Study 301. Two cases of sepsis following aspiration pneumonia (described under
deaths) are not directly attributable to DAC, and one SAE of urosepsis occurred in a patient on
DAC that cannot clearly be attributed to DAC as Dr. Villalba notes urosepsis is a risk in MS;
however, in neither case can a role for DAC be ruled out. There were 3 cases of multiorgan failure
with associated sepsis and it is unknown if the multiorgan failure could be due to infection or
immune-mediated.

As shown above, there was an excess of serious viral infections in studies 201 and 301. Dr.
Villalba notes that the 13 cases in total DAC occurred after 9 to 76 doses of DAC and that
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approximately half were considered severe. The cases on DAC in the controlled trials included 1
case each of CMV hepatitis (with positive IgG and IgM, consistent with reactivation) and chronic
hepatitis B, varicella, Hepatitis A, influenza with upper respiratory tract infection, one viral
meningitis (although this was not treated with antibiotics or antivirals and daclizumab was not
discontinued), 1 dengue, and 3 not specified (vs viral myocarditis, chicken pox, and viral
syndrome not otherwise specified for Interferon beta-1a). The total DAC database also include
SAE:s of infectious mononucleosis (although they were not IgM positive and Dr. Villalba proposes
that they are cases of DILI), and facial herpes zoster. There was one case of aseptic meningitis
(202/363-008) that Dr. Villalba believes could be consistent with immune mediated meningitis
(noting that a case of aseptic meningitis in association with pneumonitis and hepatitis occurred
with DAC Penzberg).

As shown in the table above, TEAESs in the Infections SOC occurred slightly more frequently for
DAC than for placebo in Study 201 or for Interferon beta-1a in Study 301. The most common
infections (=5% in any DAC group and greater than placebo) in Study 201 were upper
respiratory tract infection (URI)/URI viral, pharyngitis, oral herpes, influenza, and urinary
tract infection. The most common infections (>5% in any DAC group and at least as frequent
as Interferon beta-1a) in Study 301 were nasopharyngitis, URI, influenza, pharyngitis,
bronchitis, and oral herpes. The most common TEAESs for Total DAC reflected those in
Studies 201 and 301.

Dr. Villalba shows that the risk of SAEs of infections increased vs comparator over time, and in
Study 301 separated from Interferon beta-1a beginning at Day 200.

Gastrointestinal Disorders (Immune-Mediated)

SAEs, discontinuations, and TEAESs in the Gastrointestinal Disorders SOC occurred slightly more
frequently in DAC than in control in the controlled trials, particularly for colitis-related events as
shown in the table below. I discuss colitis-related events and other immune-related gastrointestinal
events in more detail following the table.

SAEs, Discontinuations, TEAEs overall in the Gastrointestinal Disorders SOC

Study 201 Study 301 Total DAC
Placebo DAC DAC Interferon | DAC
150 300 beta-1la
n=204 n=207 n=208 n=919 | n=2236
n=922

SAEs 0.5% 1.4% 1.0% 0.7% 1.2% 1.6%
SAEs of Colitis-
Related Events 0% 0% 0.5%? 0% 0.3%" | 0.5%°
Discontinuations | 0% 0% 0% 0.1% 0.3% 0.8%4
TEAEs 11% 16% 14% 23% 30% 25%
TEAESs of
Colitis-related
events 0% 1.4% 1.2%

a1 case of Crohn’s disease
b 1 ulcerative colitis, one colitis, and one enterocolitis
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¢ 12 cases of colitis consistent with inflammatory colitis (colitis, colitis ischaemic, colitis
microscopic, colitis ulcerative, enterocolitis/enterocolitis haemorrhagic)

d 21 events in 19 subjects; includes 1 each of lip swelling, mouth edema, and oral pain

The SAEs are notable for several colitis-related events on DAC that did not occur in placebo or
Interferon beta-1a in the controlled studies. Overall, 27 subjects in the total DAC pool had AE of
colitis. Dr. Villalba suggests that 2 SAEs of C difficile colitis, discussed under the Infections
SOC, are non-infectious inflammatory colitis. The cases of colitis occurred after 7 to 50 doses of
DAC. Dr. Villalba notes that sometimes a specific diagnosis was made a few weeks or months
after initiation of symptoms that included bloody diarrhea. Treatment of colitis included
standard therapy for these conditions including sulfasalazine, mesalazine, antibiotics, budesonide,
as well as IV or oral corticosteroids and azathioprine. She notes that some patients required
hospitalization with blood transfusions and electrolyte replacement for severe dehydration and
bleeding.

Dr. Villalba notes that 11 of the 27 subjects with colitis discontinued drug treatment. She
notes that as of the SUR, 14 events had not resolved, including 4 that led to drug withdrawal.
Subject 303/611-012 with ulcerative colitis required 6 months after discontinuation for
resolution (with sequelae) and subject 203/404-011 had colitis that was stable but ongoing 3
years after the last dose of DAC. Dr. Villalba notes that even for “resolved” cases it is unclear
if the patient still required treatment for inflammatory bowel disease. I agree with Dr. Villalba
that an event should not be considered resolved if an event still required treatment. She notes
that the resulting hospitalizations, invasive procedures such as duodenoscopy, sigmoidoscopy, and
colonoscopy with biopsies, and prolonged immunosuppressive treatment required are likely to
interfere with the quality of life of these patients.

Dr. Villalba also notes other potentially immune mediated SAEs in this SOC: celiac disease in
subject 303/141-008 (for which she proposes that DAC may increase the risk in a patient with
predisposition to autoimmune disease, and she notes 3 non-serious cases of celiac disease in the
database), pernicious anemia in subject 303-439/007 with autoimmune gastritis, and an SAE of
acute pancreatitis (303/613-005) that resolved but the patient developed diabetes mellitus (and 2
other cases of pancreatitis were identified by Dr. Villalba in patients with SAEs of colitis). Dr.
Villalba also notes that some events of colitis were associated with non-GI immune disorder
manifestations, and she considers that this may resemble and IPEX-like syndrome.

Dr. Villalba notes that it is sometimes difficult to distinguish between ulcerative colitis and
Crohn’s disease, and that there are other conditions associated specifically with each of them
(for example the risk of malignancy and primary biliary cirrhosis associated with ulcerative
colitis, and sclerosing cholangitis associated with Crohn’s disease), although she notes that the
management for ulcerative colitis and Crohn’s disease are similar. She does express concern
that these conditions may be difficult to distinguish from other types of colitis or diarrhea that
do not require system immunosuppression (and some that would not require invasive
procedures in order to obtain a diagnosis).

Neurologic Disorders
This section will describe AEs in the Neurologic Disorders SOC, excluding MS or MS relapse.
SAEs in this SOC (excluding MS) occurred slightly more frequently in DAC than in control in the
controlled trials, as shown in the table below. Several TEAEs in this SOC occurred in at least 2%
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of subjects on DAC and more frequently in DAC than in Interferon beta-1a in Study 301. These
include seizures, including SAEs, for which in Interferon beta-1a labeling has a warning. I would
include seizures in the label of DAC if it were to be approved. Several demyelinating events and 1
event of myasthenia gravis occurred on DAC; the role of DAC is not known but similar events
with other immune modulators have been reported in the literature.

SAEs, Discontinuations, and TEAEs >2% on DAC and at least as frequent as Interferon beta-1a in
Study 301 in the Neurologic Disorders SOC

Study 201 Study 301 Total DAC
Placebo | DAC 150 DAC Interfero | DAC
n=207 300 n beta-
n=204 n=208 la n=919 [ n=2236
n=922
SAEs (except 0.5% 0.5% 1.4% 0.9% 1.5%* | 1.4%
MS)
Temporal | Cerebrovasc Syncope Seizures Seizures | Seizures
epilepsy insufficiency (0.2%) (0.7%) (0.4%)
Migraine Headache
(0.2%)
Intracran,
aneurysm
Discontinuations | 0% 0% 0.9% 0.3% 0.2% 0.4%
(except MS) (8 total, 4
nonserious)
TEAES (except
MS)be 17.6 19.3 19.7 36.3 343 28%
Hypoaesthesia - - - 5.9% 5.9% 4%
Dizziness - - - 4% 5.3% 3%
Sciatica - - - 1.2% 2.1% 2%
Seizures - - - 0.3% 1.2% 0.5%

2 In addition to seizures included 1 each of dizziness, migraine, myasthenia gravis, sciatica,
toxic encephalopathy, and transient ischemic attack (TIA), that did not occur on Interferon
beta-1a (and 1 headache for DAC vs 1 tension headache for Interferon beta-1a).

b Individual TEAEs are listed that occurred in at least 2% on DAC at least as frequently as
Interferon beta-la in Study 301. Seizures are also included for comparison to SAEs.
(Individual Neurologic TEAEs did not occur in at least 2% of DAC in Study 201).

¢ TEAESs related to MS relapse occurred in 38% of placebo, 23% of DAC 150, and 20% of
DAC 300 in Study 201. TEAEs related to MS relapse occurred in 33% of DAC and 47% of
Interferon beta-1a.

Dr. Villalba notes the imbalance in seizures (serious and non-serious) in Study 301 for DAC
compared with Interferon beta-1a, a drug that has a Warning for seizures. Of the 6 subjects with
seizure SAEs on DAC, Dr. Villalba notes that none had a history of seizures and in 4 cases the
seizures did not appear related to worsening of MS; use of baclofen, that has seizures as a
Warning, cofounded one case. Seizure SAEs on Interferon beta-la occurred in subjects with
worsening of MS. DAC may increase the risk of seizures in patients with MS, although the signal
is not strong. If DAC is approved, I suggest including seizures in the labeling.
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Cerebrovascular insufficiency on DAC in Study 201 in Subject 201/509-017 who subsequently
underwent angioplasty, vs none on placebo; 1 TIA on DAC in Study 301 (Subject 301/629-008
who had blood pressure of 168/85 on the day of the event; with arteriosclerosis; subject was
treated with vascular therapy and improved; continued in study for approximately 1 year until
completed ) vs none on Interferon beta-1a. These cases do not appear to be related to DAC.
Cerebral venous thrombosis occurred in Subject 303/659-001 who had risk factors of oral
contraceptives and underlying sarcoidosis.

Other Neurological SAEs included 4 cases of headache; one case (Subject 301/133-004) had
bilateral temporal headaches and underwent temporal artery biopsy to rule out temporal arteritis;
she was treated with high dose prednisone and headaches apparently resolved while DAC therapy
continued. Dr. Villalba considers that the case of aseptic meningitis (202/363-008), reported under
the Infections SOC, could be an autoimmune disease potentially induced by DAC. In Total DAC,
13% of subjects had headache, the most common TEAE in this SOC in Total DAC.

Dr. Villalba notes demyelinating events: one case of tumor-like demyelination in a patients with an
SAE of seizure (303/611-015) and a case of central pontine myelinolysis (202/509-014; JC virus
negative; diagnosed by MR; sodium levels reportedly 138-146 mmol/L throughout the study®).
Whether DAC played a role in the demyelinating events is not clear, but of note, a possible
association of anti-TNF-alpha drugs that also are immune modulators with CNS demyelination has
been reported in the literature'?.

Subject 303/600-010 developed an SAE of myasthenia gravis beginning Day 997 of Study 301,
treated with corticosteroids and neostigmine and a thymectomy; I note that other medications, for
example ipilimumab, with immune effects have been associated with myasthenia gravis.!! Whether
DAC played a role in this case is unknown.

Lymphadenopathy!?

Dr. Villalba has identified lymphadenopathy as a safety concern. There is an imbalance,
particularly in SAEs and in TEAEs in Study 301 in particular. The increased frequency in Study
301 and in Total DAC reflect the longer duration of exposure in those pools. Because
lymphadenopathy can be associated with variety of conditions from mild to serious processes
requiring treatment, I recommend a discussion in the label.

SAEs, Discontinuations, and TEAEs of lymphadenitis, lymphadenopathy, or lymphoid tissue
hyperplasia

Study 201 Study 301 Total DAC
Placebo DAC DAC Interferon | DAC
150 300 beta-la
n=204 n=207 n=208 n=919 | n=2236
n=922

° March 3, 20216 response to information request.

10 Andreadou E et al. Case Reports in Neurological Medicine Volume 2013 (2013), Article ID 671935, 9 pages
http://dx.doi.org/10.1155/2013/671935

11 Johnson DB et al. JCO November 20, 2015 vol. 33 no. 33 e122-e124

12 Described in Dr. Villalba’s review primarily under SAEs and Discontinuations in the Blood and lymphatic
system disorders SOC
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SAEs 0% 0% 0.5% 0% 1.0% 1.6%?
Discontinuations | 0% 0% 0% 0% 0.5% | 0.6%
TEAEs 1% 2% 1% 1% 6% 6.1%"

2 reflects 20 SAEs at the time of the SUR and 15 additional cases submitted subsequently.
b reflects information only at the time of the SUR; 137 cases in Total DAC.

Dr. Villalba notes that most of the patients with these SAEs had brief hospitalization for diagnostic
procedures. She notes that some cases were unresolved at the time of her review. Seven subjects
had a biopsy or fine needle aspiration and Dr. Villalba notes that the pathology was consistent with
benign reactive hyperplasia. Dr. Villalba notes that SAEs in this category were associated with the
following processes:
- Infection (5) — and proposes that others may have been related to undiagnosed
infection
- NHL (2)
- benign salivary neoplasm (2) — Dr. Villalba considers whether these could be
Sjogren’s syndrome
- Skin reaction (3), thrombocytopenia (1), interstitial lung changes (several) — Dr.
Villalba considers the possibility of a systemic reaction such as DRESS
Dr. Villalba notes that none of the SAEs in this SOC was diagnosed as sarcoidosis, but wonders
how many had a workup to rule this out and believes that it should have been a consideration in
several of the patients with hilar lymphadenopathy.

Psychiatric Disorders

There was no imbalance in SAEs in the Psychiatric disorders SOC in studies 201 or 301 (where
SAEs of complete suicide/depression/depression suicidal/suicide ideation/suicide attempt were
reported in 0.5% each in DAC or Interferon beta-1a). In the Total DAC database 6 subjects (0.3%)
had SAEs of depression and 5 had SAEs of suicide attempt (0.2%). Dr. Villalba notes that most of
the SAEs were in patients with a prior history of depression. There was an imbalance in the most
common TEAE:s in this SOC (Depression/Depressed Mood) that was greater in DAC than in
placebo in Study 201 or in Interferon beta-1a in Study 301. I agree with Dr. Villalba that DAC
should carry a Warning, as does Interferon beta-1a.

SAEs, Discontinuations, and TEAEs of Psychiatric Disorders

Study 201 Study 301 Total DAC
Placebo DAC DAC Interferon | DAC
150 300 beta-la
n=204 n=207 n=208 n=919 | n=2236
n=922

SAEs 0% 0.5% 0% 0.9% 0.7% 0.7%
Discontinuations | 0% 0% 0% 0.7% 0.1% 0.1%
TEAEs 5% 12% 17% 18% 18% 16%
TEAEs of 2% 7% 7% 7% 10% 9%
Depression,
Depressed Mood
(combined)
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Immune-mediated events
Dr. Villalba compiled a list of potentially immune mediated events. I will summarize
information from the synthesized analysis in Section 8.5.3 of her review in addition to
discussion of immune-related events in the SAEs and Discontinuations sections of her review.
Events of acute hypersensitivity included angioedema (3.6% in Total DAC; 2.5'3% on DAC vs
1.2% on Interferon beta-1a in Study 301), anaphylaxis, and serious urticaria. Acute
hypersensitivity events occurred throughout the DAC treatment period and lasted up to at least
201 days. Regarding other inflammatory/immune/autoimmune events, considered
individually it would be difficult to attribute 1 or more disparate AEs to a drug. However,
grouped together, these DAC associated immune-mediated adverse events (in addition to those
identified as skin disease) occurred in at least 28% of patients in Total DAC, affect most organ
systems, and seem to have a biologically plausible basis that may be related to T cell
dysregulation. Imbalances occurred in these grouped terms in Study 301, and in some individual
terms including psoriatic conditions, sarcoidosis, vasculitis, and immune-related endocrine
disorders related to thyroid disease and diabetes for which a role for DAC cannot be ruled out.
Sometimes the events presented concurrently or sequentially in the same patient. I agree with
Dr. Villalba that because of the immunologic effects of DAC, it may be inducing or unmasking
immune mediated diseases. The immune-mediated events may require invasive procedures for
diagnosis, prolonged immunosuppressive treatment, and that may impact quality of life. I
would include a section of labeling in Warnings and Precautions to describe immune-related
events. Because they are serious, some could be prevented with monitoring, and they may
affect a patient’s consideration for using DAC, I would consider a boxed warning.

In response to the 74 day filing letter, the sponsor submitted an analysis of allergic and
autoimmune mediated events'4. Dr. Villalba notes in Section 8.5.3 the deficiencies in that analysis
that result in underestimation of the risk. This was revised in a March 8, 2016, response to a
February 18, 2016, information request. In that response, the Sponsor reported that the risk of
immune-mediated events (excluding eczema and dermatitis events) was 17% overall and was 18%
for DAC vs 6% for Interferon beta-1a in Study 301. Dr. Villalba subsequently performed an
additional analysis (after finalization of her review) as she refined her search strategy. In that
analysis she finds that the frequency of immune-mediated events in the Total DAC database was
28%. In Study 301, the frequency of immune-mediated events was 32% on DAC vs 12% on
Interferon beta-1a; SAEs of immune-mediated events were observed in 4% on DAC vs <1% for
Interferon beta-1a. In Study 201, the frequency was 14% for DAC 150, 14% for DAC 300 and 8%
for Placebo. The frequency of SAEs of immune-mediated events in Study 201 was 0.5% for DAC
150, 3% for DAC 300, and 0.5% for placebo.

Acute hypersensitivity events: Dr. Villalba identified 80 potential cases of angioedema in the
Total DAC pool. In Study 301 Dr. Villalba identified 232 (2.5%) patients on DAC vs 11
(1.2%) on Interferon beta-1a with AE terms consistent with angioedemal>. Dr. Villalba

13 From table 13.3.10 of Dr. Villalba’s review; includes 23 subjects.

14 In response to FDA request (Response 5f) the sponsor conducted analyses of potentially immune-mediated
reactions . Events under the MedDRA high level group term of allergic conditions, the high level group term of
autoimmune disorders, or the high level term of colitis (excluding infective), including potentially inflammatory
gastrointestinal reactions. The search did not include relevant terms such as sarcoidosis and alveolitis, and
included unrelated terms such as seasonal allergy, and conducted the search based on preferred terms, not final
diagnosis which because of miscoding as noted by Dr. Villalba could miss cases.
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identified 6 subjects with events categorized as serious, severe, or leading to drug withdrawal
that included angioedema and anaphylaxis, hypersensitivity in Section 8.5.3 of her review and
additional cases elsewhere (although I am not convinced that Subject 201/752-010 , identified
as having” hypersensitivity, syncope, and circulatory collapse” is clearly a case of
hypersensitivity'®). These included cases of angioedema:
301/441-021 — non-serious angioedema 3 weeks after 8" dose resolved with prednisolone;
SAE of angioedema 1 day after 9" dose; possibly related to insect sting or viral; “Rapid”
response to oral steroids; stayed on DAC without further angioedema. I agree with Dr.
Villalba that this is unlikely directly caused by DAC, although the subject later developed
“allergic dermatitis” resulting in withdrawal.
301/552-014 — SAE of angioedema of 16 doses of DAC; 2 hours after taking Chinese
herbal preparation, abated with desloratidine; angioedema approximately 6 months later, 1
hour after ibuprofen and diagnosed with NSAID intolerance. Continued treatment with
DAC for total of 29 doses without further occurrence, but developed hypersensitivity
pneumonitis.
202/765-013 — non-serious angioedema after 21 doses of DAC
203/306-001 — non-serious lip swelling, edema of mouth of moderate intensity with
lymphadenopathy after 82 doses of DAC. (Previously, lip dyskeratosis and eczema after 20
and 36 doses of DAC, respectively). Treatment included oral prednisolone. Mouth edema,
generalized rash resolved 4 months after DAC discontinuation.
301/703-004 — a non-serious event of lip swelling along with pruritus in patient with
history of spongiotic dermatitis; 21 days after 2" dose of DAC. Patient also had
erythema, local swelling pruritus after 15t dose. Also taking ibuprofen. Lip swelling
resolved 2 days later.
Other cases of acute hypersensitivity included:
201/458-007 had an event of “presyncope” associated with palpitations/weakness on
the day of the first dose of DAC300 and rash the day after the first dose leading to drug
withdrawal.
203-555-001 presented with rash, followed 3 days later by anaphylaxis!” (and angioedema)
characterized by tongue swelling, hoarse voice, and almost fainted after 68 doses of DAC;

15 Angioedema-related terms included allergic edema, angioedema, eye swelling, eyelid edema, face edema,
gingival swelling, lip swelling, edema mouth, periorbital edema, swollen tongue.

16 One dose of DAC is given as 3 subcutaneous injections. Subject 201-752-010 was identified as having
“hypersensitivity, syncope, and circulatory collapse” after the first dose of DAC 300 and that Dr. Villalba
considers consistent with hypersensitivity. His blood pressure 10 minutes after the first injection was 90/40 mm
Hg. He did have circulatory collapse with BP as low as 70/10 and fainted within 15 minutes of the 3rd injection,
requiring IV fluids and treatment with IV methylprednisolone; He stabilized after 30 minutes with a BP of
120/70 according to the narrative on p. 1558 of the study report. The narrative does not mention skin or mucosal
involvement, respiratory compromise, or gastrointestinal symptoms, and it is not clear to me what caused the
circulatory collapse or whether it is immune-related (perhaps it was vasovagal).and I wonder whether it could
have been vasovagal syncope.

17 According to Kim and Fischer (4llergy, Asthma & Clinical Immunology 2011; 7 (Suppl 1):S6
doi:10.1186/1710-1492-7-S1-S6), criteria for anaphylaxis are a) Acute onset of illness (minutes to several hours)
with involvement of skin or mucosal tissue or both (e.g. hives, pruritus or flushing, swollen lips or tongue) and at
least one of the following: respiratory compromise or reduced blood pressure (or associated symptoms of end-
organ dysfunction ( e.g. hypotonia [collapse], syncope, incontinence) OR b) 2 or more of the following that
occur rapidly after exposure to a likely allergen for that patient (minutes to several hours): a. Involvement of
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the subject, who had an episode of sarcoidosis 9 months prior to this event that resolved,
was treated with an antihistamine and steroids, DAC was discontinued, and at the time of
the report was still treated with oral corticosteroids.

303-136-002 — “hypersensitivity” reported after 8 doses of DAC, along with
maculopapular rash that became severe and resulted in drug withdrawal. The narrative
dose not describe the “hypersensitivity”.

303/557-005, hospitalized with acute urticaria after 37 doses of DAC, for which DAC was
discontinued; the event was ongoing (along with eczematous dermatitis) 2 months later.

Acute hypersensitivity events occurred after 1 to 77 doses of DAC. These included at least 2
cases of angioedema for which a role for DAC cannot be ruled out (203/306-001 and 202-
765-013), 1 case of anaphylaxis, and 1 case of serious urticaria that seemed related to DAC. In
other cases other drugs appeared more directly involved, although those patients also had other
immune reactions while taking DAC and it is plausible that DAC could have contributed. The
case of anaphylaxis did not meet the definition of acute onset, but perhaps that is due to the
long half-life of the drug, requiring time for sufficient levels to be achieved. Dr. Villalba notes
that the events lasted 1 to at least 201 days. Given the long-lasting effects of DAC, I wonder
about its role in short-lasting events; based on its very long half-life it is plausible that it could
be responsible for long-lasting hypersensitivity events.

Dr. Villalba characterized diseases of immune dysregulation/autoimmune diseases in this
database. The Sponsor finds 17% of DAC-treated patients with immune-mediated disorders
overall, with 18% on DAC vs 6% on Interferon beta-1a in study 301 (excluding eczema and
dermatitis). Dr. Villalba subsequently performed an additional analysis (after finalization of her
review) as she refined her search strategy. In that analysis she finds that the frequency of immune-
mediated events in the Total DAC database was 28%.  In the Total DAC pool these included
dermatitis/eczema (24%), lymphadenopathy (6%), psoriasis (2%), enteropathy (1.2%),
immune-mediated hepatitis (0.5%, vasculitis (0.3%), sarcoidosis (0.3%), and celiac disease
(0.2%). In Study 301, the frequency of immune-mediated events was 32% on DAC vs 12% on
Interferon beta-1a; SAEs of immune-mediated events were observed in 4% on DAC vs <1% for
Interferon beta-1a. In Study 201, the frequency was 14% for DAC 150, 14% for DAC 300 and 8%
for Placebo. The frequency of SAEs of immune-mediated events in Study 201 was 0.5% for DAC
150, 3% for DAC 300, and 0.5% for placebo. Dr. Villalba notes that these immune-related
diseases included organ specific diseases such as colitis, thyroiditis, rheumatoid arthritis,
sometimes presenting concurrently or sequentially in the same patient. Dr. Villalba notes that
some of the immune diseases are difficult to classify because of their overlapping clinical
presentations. The mechanism for some of these conditions are not established!®. I discuss
specific types of inflammatory/immune/autoimmune diseases in the paragraphs below.

skin-mucosal tissue, b. Respiratory compromise (e.g., dyspnea, wheeze, bronchospasm, stridor, reduced PEF,
hypoxemia), c. Reduced blood pressure or associated symptoms (e.g., hypotonia [collapse], syncope,
incontinence), d. Persistent GI symptoms (e.g., painful abdominal cramps, vomiting)

18 Diamond, Betty, and Peter E. Lipsky. "Autoimmunity and Autoimmune Diseases." Harrison's Principles of
Internal Medicine, 19e. Kasper D, Fauci A, Hauser S, Longo D, Jameson J, Loscalzo J. Kasper D, Fauci A,
Hauser S, Longo D, Jameson J, Loscalzo J Eds. Dennis Kasper, et al. New York, NY: McGraw-Hill, 2015. n. pag.
AccessMedicine. Web. 25 Feb. 2016.
<http://accessmedicine.mhmedical.com/content.aspx?bookid=1130&Sectionid=79749895>.
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Hematologic disorders: SAEs that are or could be immune-mediated hematologic disorders
included hemolytic anemia in 3 subjects (0.1%), all of whom had been on DAC for approximately
3 years; thrombocytopenia, ranging from mild to severe, and in some cases accompanied by other
immune-mediated events, in 4 subjects; and a case of hemophagocytic syndrome. All cases
required treatment with steroids and some required hospitalization and blood transfusion. I agree
with Dr. Villalba that there is a biological plausibility for a role of DAC in immune mediated
hematologic events, and that a role for DAC cannot be ruled out in these cases.

Hematologic parameters were measured every 4 weeks through week 40 in Study 201 and every 4
weeks up to week 24 and then every 12 weeks in Study 301. Platelet count of <75,000/mm? (based
on confirmatory tests 1 week apart) resulted in discontinuation from the study. Whether to include
guidance regarding monitoring parameters in the labeling should be considered.

SAEs, Discontinuations, and TEAEs of Bleeding Related Hematologic Disorders

Study 201 Study 301 Total DAC
Placebo DAC DAC Interferon | DAC
150 300 beta-la
n=204 n=207 n=208 n=919 | n=2236
n=922
SAEs 0% 0% 0% 0.2%4 0.5%¢ | 0.6%>P
Discontinuations | 0% 0% 0% 0% 0% 0%
TEAEs (>2%
and at least 1%
greater than
Interferon beta-
la in Study 301)
Anemia 0.5% 2.9% 1.9% 3.0% 3.9% 5%

@ Includes anemia (2), hemolytic anemia (3), histiocytosis haematophagic, iron deficiency anemia
(2), pernicious anemia, and thrombocytopenia (4).

b Includes cases after the cutoff of the SUR

¢ Includes anemia (1), iron deficiency anemia (1), hemolytic anemia (1), and thrombocytopenia (2)
d Includes anemia (1), iron deficiency anemia (1)

There were 3 SAE of immune hemolytic anemia:
301/472-005 — Coombs positive hemolytic anemia, diagnosed 184 days after last dose.
Had 36 doses of DAC. Hgb 72 g/L, considered NCI CTCAE grade 3 (severe) while on
alternative treatment with interferon (which is associated with hemolytic
anemia/TMA/HUS). Decrease in Hgb (to 80 g/L) noted 5 months after last dose of DAC
(and 1 month after starting interferon). Hospitalized and treated with prednisone. Cannot
rule out a role for DAC.
203/100-002 — Coombs positive hemolytic anemia, after 3.5 years of treatment with
DAC. Hgb 3.4 g/dL (considered NCI CTCAE grade 4 [life-threatening or disabling]) in
the setting of a UTI that was treated with pantoprazole, cefoperazone and sulbactam

Levinson, Warren. "Tolerance & Autoimmune Disease." Review of Medical Microbiology and Immunology, 13e.
Levinson W. Levinson W Ed. Warren Levinson. New York, NY: McGraw-Hill, 2014. n. pag. AccessMedicine.
Web. 25 Feb. 2016. <http://accessmedicine mhmedical.com/content.aspx?bookid=1023&Sectionid=57053513>
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(hemolytic anemia has been reported with sulbactam and cefoperazone). Required
transfusion of PRBC and treatment with prednisone. Cannot rule out a role for DAC.
302/463-103 - Coombs positive hemolytic anemia. Presented with conjunctival jaundice
after 35 doses of DAC HYP; She felt dizzy and had a syncopal episode. No concomitant
medications. Hb 74 g/l (NCI CTCAE grade 3 [severe]). Hospitalized and treated with
steroids.

There were 5 SAE of thrombocytopenia:
301/480-002 - one month after the last dose of DAC 150 (which was on Day 305),
platelets 58x 10%/L (NCI CTCAE grade 2 [moderate]) leading to drug withdrawal.
Events lasted one week without specific treatment. Confounded by carbamazepine and
diclofenac. Given the time course of resolution, does not seem likely related to DAC.
301/670-017 — treated with DAC for more than 2 years. Event occurred 1 month after last
dose and was accompanied by rash that began 1 month later. Anti-platelet antibody tests
were negative according to the study report for Study 301. Platelets as low as 23x10°/L
(NCI CTCAE grade 4 [life-threatening or disabling]), reportedly without signs or
symptoms of thrombocytopenia. No concomitant medications. Required treatment with
prednisone and took 7 months to resolve (reportedly not compliant with prednisone). Dr.
Villalba notes that the SUR states this subject had HIV-induced thrombocytopenia.
301/617-003 — Platelets down to 80x10°/L (NCI CTCAE grade 2 [mild]) with anemia and
lymphadenopathy. History of bladder neoplasm. Suspected viral infection, and melanoma
metastases in kidney.
303/649-009 — Hypothyroidism on Interferon beta-1a in Study 301. Autoimmune hepatitis
after 4 doses of DAC150 in Study 303. DAC discontinued. Responded to corticosteroid
treatment. Developed thrombocytopenia when corticosteroids were tapered, approximately 4
months after discontinuing DAC. Thrombocytopenia was treated with corticosteroids and
resolved.
203/906-005 — Nasal hemorrhage and hemorrhagic rash after 67 cumulative doses of DAC
150 mg (44 days after last dose). Hgb 92 g/L (NCI CTCAE Grade 2 [moderate]); platelets
not reported. Abdominal ultrasound showed splenomegaly. Hospitalized and treated with
prednisone and etamsilate (a hemostatic drug). Final diagnosis of thrombocytopenic
purpura and post- hemorrhagic anemia

Subject 203/303-005 had hemophagocytic syndrome in association with multiorgan failure in the
setting of septicemia but in absence of a clear infectious agent; Dr. Villalba notes that
hemophagocytic syndrome has been reported in the context of sepsis as well as with use of
IMMmunosuppressors.

For a further discussion of hematologic events please refer to the discussion of laboratory analyses.

Endocrine disorders : SAEs in the this SOC occurred in 0.2% of subjects in the Total DAC pool
with no excess in DAC compared to placebo or Interferon beta-1a in Study 201 or 301. There
were 4 thyroid related SAEs on DAC (1 in 301 vs 1 on Interferon beta-1a):

Autoimmune thyroiditis in Subject 201/752/012; began 20 days after the last DAC dose

and lasted for 7 days

Thyrotoxicosis!® and ketoacidosis in Subject 301/327-005 with a history of a goiter

19 Also known as Graves’ disease or Basedow’s disease; an autoimmune disorder.
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Basedow’s disease in Subject 202/765-003
Benign neoplasm of thyroid gland/goiter (Subject 203/563-001).
Diabetes-related SAEs occurred as follows:
New onset Type 1 diabetes in 301/327-005; Diabetes mellitus in 303-438-001 (who had a
history of diabetes);(coded also under Metabolism and Nutrition disorders; none on
Interferon beta-1a)
Type 1 diabetes as well as DILI, eczema, and toxic pancreatitis in subject 303/667-017 that
Dr. Villalba notes is consistent with IPEX-like syndrome
Diabetes insipidus in Subject 201/903-02; Dr. Villalba notes that this can be immune
mediated.
The onset of the Endocrine SAEs occurred 14 to 1190 (mean 405) days into treatment. There is
some evidence in the literature that some autoimmune thyroid disease co-occurs in patients with
MS to a greater extent than in the general population and similarly for diabetes?’; the relationship
of these immune- related endocrine events to DAC is not known.?!?2

Gastrointestinal disorders: Please refer to my discussion on pages 27-29, above.

Musculoskeletal and Connective Tissue: SAEs in this SOC occurred in 0.7% of the Total DAC
database and Dr. Villalba notes an additional case reported after the cutoff of the SUR. There were
no SAEs in this SOC for DAC in Study 201. In study 301 there were 6 (0.7%) for DAC and 3
(0.3%) for Interferon beta-1a. Dr. Villalba describes the following potentially immune mediated
events:

Lupus-like syndrome with myalgia, arthralgia, cutaneous lesions and adrenal insufficiency

in subject 301/482-005 after 24 doses of DAC

Spondyloarthropathy that occurred after 51 doses of DAC in subject 301/604-006 who may

have been predisposed to autoimmunity with a history of psoriasis and hyperthyroidism

and for which DAC was not discontinued

(Neither of which occurred on Interferon beta-1a in Study 301)

Adult Still’s disease, a systemic inflammatory disease after 21 doses of DAC in Subject

303/645-015

Inflammatory arthritis (and rash) in subject 303/658-012; after 23-29 doses of DAC.

Neurologic: see SAEs of aseptic meningitis (under Infections) and myasthenia gravis (under
Neurologic disorders) above.

Renal and Urinary Disorders: 2 SAEs of glomerulonephritis discussed under this SOC, in Other
Serious Adverse Events, below.

Respiratory, Thoracic and Mediastinal Disorders: SAEs in this SOC occurred in 0.6% in the Total
DAC database. There were no SAEs in this SOC in Study 201; Dr. Villalba reports more events in
the DAC 150 group (6/919, 0.7%) than in Interferon beta-1a (1/922, 0.1%) in Study 301.% Dr.

20 Wertman E, Zilber N, and Abramsky O. J Neurol. 1992 Jan;239(1):43-5.
21 Sloka JS et al. J Autoimmune Dis. 2005; 2: 9. Published online 2005 Nov 9. doi: 10.1186/1740-2557-2-9
22 Niederwieser G et al. J Neurol. 2003 Jun;250(6):672-5.

23 In addition to the immune-mediated events, there were other SAEs in this SOC. There were 3 case of
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Villalba notes at least 7 (0.3%) SAEs consistent with immune mediated lung disease in Total DAC
(9 SAE if 3 patients with atypical pneumonia described under infections are included). She raises
a concern, based on cases with mediastinal or hilar lymphadenopathy, about an immune mediated
disease such as sarcoidosis. The 7 SAEs are:
Pulmonary sarcoidosis in subject 303/611-029
Interstitial pulmonary nodules and hilar lymphadenopathy in subject 303/609-013
Alveolitis and pulmonary fibrosis in subject 203/563-001
Interstitial lung disease in subjects 301/457-001 and 203/751-015
Pulmonary granuloma (miliary lung nodules and mediastinal lymphadenopathy) in Subject
301/554-001
Interstitial lung disease with cutaneous nodules that showed non-caseating granulomas and
hilar lymphadenopathy (that Dr. Villalba states is therefore sarcoidosis) in subject 302/622-
502

I note that on February 8, 2016, the Sponsor submitted additional cases of sarcoidosis in response
to an information request of February 1, 2016. In addition to a possible serious case (303/622-
106), the Sponsor has identified the following cases of sarcoidosis:

Serious: 303/611-029 302/622-502
303/325-001

Non-serious: 203/555/001 302/463-105
303/659-001 303/622-106

303/659-014
Dr. Villalba discusses sarcoidosis, and provides support for biological plausibility of a
relationship to DAC as sarcoidosis is characterized by T cell activation. She notes that
sarcoidosis can be benign or life-threatening and can lead to irreversible pulmonary fibrosis
and blindness if not treated adequately and that definitive diagnosis may require invasive
procedures. In the Total DAC pool, Dr. Villalba finds 9 diagnosed cases of sarcoidosis listed
by the Sponsor (including 3 pulmonary; none in a controlled trial) and at least 4 others
suggestive of sarcoidosis. She notes that 6 of the 9 cases were reported after the cutoff of the
SUR, suggesting that a long exposure is need for sarcoidosis to develop, or offering an
alternative explanation that perhaps it is more difficult to diagnose. Dr. Villalba states that
there is no definitive laboratory test, but that calcium is often elevated because sarcoidosis is
characterized by the presence of granulomas, and granulomas produce vitamin D. She notes
that although calcium is a routine test that should be part of any chemistry profile, it was not
measured or reported in this database.

The Sponsor calculates the rate of sarcoidosis, based on 9 cases, as 1.32/1,000 [CI 0.62-2.57]
person years as of January 31, 2016. They believe that is within the background rate in an MS
population (1.73/1,000 patient years) from the Impact claims database (a rate which they claim
1s 4X higher in the MS population vs the general population control in that database. The
FDA Division of Epidemiology, in a review by Dr. Elisa Braver dated March 10, 2016, found
the Sponsor’s report inconclusive because of flaws in the methods for analyzing the insurance
claims database. Dr. Villalba cites a rate in the general population of 1 to 35.5 per 100,000 per

pulmonary embolism on DAC but all 3 patients had risk factors and it is not possible to determine the
contribution of DAC. One SAE of aspiration pneumonia was reported in this SOC (in addition to the 2 cases
under Deaths in patients with advanced MS).
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year. She notes the postmarketing estimated rate of sarcoidosis in several approved MS drugs
that is much lower than the rate in the DAC database.

Skin disorders: Immune related skin disorders include psoriasis and eczema, cutaneous

vasculitis, panniculitis (inflammation of subcutaneous fatty tissue), and vitiligo. Please refer
to my discussion on beginning on page 23.

Systemic Inflammatory Syndrome with Multiorgan failure: Dr. Villalba identified 3
cases in the database that she considers to be DRESS (203/901-006 reported as SJS but
not considered to be SJS by the Central Dermatologist, and 301/512-006 and 303/512-
009). Regiscar Criteria for DRESS?# are a standard classification for diagnosis of
DRESS and are as follows:

Required:

Hospitalization
Suspected to be Drug-related

And 3 of 5 of the following:

Rash
Fever

Lymphadenopathy in at least 2 sites

Involvement of at least 1 internal organ
Blood count abnormalities (such as eosinophilia)

Hospitalization | Fever > | Enlarged Eosinophilia | Rash Organ
38.5°C | Lymph involvement

nodes in at
least 2
sites

203/901-006%| v'2 X v Eosinophils | v Goiter

24 Kardaun SH. J AM Acad Dermatol 2014:1000.
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(but expert 25% (scaling, desquamation; identified;
dermatologist described on legs and some cardiac
thought based arms but trunk did not involvement
on photographs have rash so not clear if | but relevant
of the rash that it covered > 50% of cardiac
hospitalization BSA; lip swelling but history prior
would not have facial edema not to
occurred in US) described enrollment.

301/512-006 | v (for X X 27X v X2
plasmapheresis)

303/512-009 | Only brief X X 2 v ALT
hospitalization X increased;
for plasma not clear if
exchange related ?°

Although all 3 had rash and met some of the criteria, only 203/901-006 possibly met all of the
criteria for possible DRESS (except for possibly hospitalization). Hospitalization in 2 cases
was for a procedure such as plasmapheresis but not for the event and in 203/901-006 the
Central Dermatologist did not think hospitalization would have occurred in the US based on
his review of the photographs of the rash; 2 of the 3 did not have documentation of 3 of the 5
criteria. Although I do not believe they can be called DRESS, (the Central Dermatologist, | (&

) considered
that 203/901-006 could be acute generalized exanthematous pustolisis, or other drug
hypersensitivity reaction but did not refer to it as DRESS), I would agree that they all are an
example of a multi-organ systemic condition. Even if 203/901-006 could be a possible case of
DRESS, identifying this as a multiorgan inflammatory reaction in the label would not impact
appropriate treatment of the individual components of such a reaction.

Dr. Villalba considers several events in this category, considering sepsis vs. immune
mediated. These include Subjects 203/303-005 with hemophagocytic syndrome and 303/645-
015 with adult Still’s disease discussed previously in my memo, and 303/552-001 with multi-
organ failure/sepsis of unknown origin that she suspects could be immune mediated systemic
reactions. She also believes that SAEs in subjects 301/606-020 with multiorgan failure, and
evidence of systemic vasculitis with suspected sepsis but without identification of an

2> Evaluation using the scoring criteria provided in Roujeau JC et al ( Dermatol Sinica 27:230-209, 2009) or
Kardaun SH J Am Acad Dermatol; 71 (5), 2014: suggest that this could be a possible case or not a case
(depending on the extent of skin involvement and whether morphology is suggestive for DRESS); In an email of
5/19/16 Dr. Villalba considers whether it is consistent with SLE given a positive ANA.

26 Central Dermatologist commented that based on severity of the rash in the photographs, it was unlikely this
person would have been admitted to the hospital in the US and said this was a likely hypersensitivity reaction to
daclizumab.

27 Dr. Villalba’s review mentions mild pancreatitis and eosinophilia. However, Central dermatologist said no
internal organ involvement. There is no evidence of pancreatitis or eosinophilia in the labs in the patient profile.
In an email communication of 5/19/16 Dr. Villalba could not confirm pancreatitis and eosinophilia.

28 Dr. Villalba’s review notes eosinophilia in June 2014. However, narrative only mentions eosinophilia in
October, and the expert Dermatologist says that eosinophilia did not occur during the course of the event. In an
email from 5/19/16, Dr. Villalba could not confirm the eosinophilia during the event.

2 Increased ALT approximately 2 months after rash and may have been due to pulse steroids.
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organism, 303/453-048 with brucellosis, and 303/609-013 with peripheral edema, generalized
eczema, lymphadenopathy, and lung disease, DRESS) may have been caused by an immune
mediated systemic inflammatory reaction. The diagnosis of brucellosis was based only on
positive IgM serology and response to antibiotics, and the subject had a complicated clinical
course including elevated liver enzymes that Dr. Villalba believes may be attributed to a
systemic inflammatory reaction rather than to brucellosis.

Other Serious adverse events

SAEs in the Injury, Poisoning, and Procedural SOC occurred in 26 of 2236 (1.2%) in the Total
DAC group. There was no imbalance for DAC in either Study 201 (1% for placebo, 0.5% for
DAC 150, and none for DAC 300). There was no imbalance in Study 301 (0.9% for Interferon
beta-1a, 1.2% for DAC). In Study 301 the SAEs were driven by fractures and falls that I note
occurred to a greater degree in DAC than in Interferon beta-1a. However, Dr. Villalba notes that
falls and fractures are not unusual in patients with MS. She also notes that there are no calcium,
phosphorous, or magnesium measurements in the protocols to evaluate whether fractures were
related to abnormalities in these measurements.

SAEs in the Reproductive System and Breast Disorders SOC occurred in 1.1% of females in the
Total DAC database, excluding malignancies. There was no imbalance overall in studies 201 or
301, although the SAEs showed that eleven patients had some kind of uterine disorder including
endometriosis, endometrial disorder, endometrial hypertrophy, adenomyosis, uterine hemorrhage,
several of which occurred in Studies 201 (n=2) and 301 (n=3) but that were not observed in
placebo or in Interferon beta-1a in Studies 201 or 301, and Dr. Villalba notes this raises a question
of whether there is an effect of DAC on endometrial function.

SAEs in the Surgical and Medical Procedures SOC occurred in 0.4% of subjects in the Total DAC
pool and Dr. Villalba notes that none represent procedures done in the context of evaluation of
AEs that developed during treatment with DAC. However, she does note a variety of surgical and
medical procedures that were performed due to DAC-related AEs but were not recorded here
including 8 subjects with liver biopsy, 12 with colonoscopy /biopsy for work-up of colitis-related
terms, various other biopsies, lymphadenectomies, plasmapheresis, blood transfusions, and
intubation. I agree with her that these invasive procedures, with associated morbidity, are likely to
interfere with quality of life and may undermine potential benefits of DAC.

SAE:s in the Renal and Urinary Disorders SOC occurred in 0.4% of subjects in the Total DAC
pool. Overall, Dr. Villalba notes no imbalance in the controlled trials. However, she does note 3
SAEs of nephrolithiasis and one of renal colic with DAC vs 1 urinary calculus with Interferon
beta-1a in Study 301,suggesting a possible increased risk with DAC, although the number are
small and there is no supportive laboratory data with respect to calcium, phosphorous, or uric acid
levels. This would be an issue to monitor in the future. There were 2 cases of glomerulonephritis
(202/505-018 with mesangioproliferative glomerulonephritis and nephrotic syndrome and
203/500-002 with glomerulonephritis and nephrotic range proteinuria. In an email of January 21,
2016, Dr. Evelyn Mentari, a nephrologist on the DNP Safety Team, concluded that these cases
could be related to DAC. She noted that the proteinuria was severe at the first abnormal protein
measurement, although she noted that the frequency of urine testing was variable and often
infrequent. She recommended that if DAC is approved, urinalysis (with quantitative protein) using
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first morning urine should be obtained every 3 months. If positive (>20 mg/dL), this should be
followed up with a 24 hour urine protein.

SAEs in the Metabolism and Nutrition Disorders SOC occurred in 6 (0.3%) subjects in the Total
DAC pool. There was no imbalance in Study 201. In Study 301, 4 DAC subjects (0.4%) vs none
on Interferon beta-1a had SAEs in this SOC. These included dehydration that occurred with toxic
hepatitis, and hypokalemia that occurred with vomiting and diarrhea, and “tetany” associated with
influenza (301/663-007) in a subject routinely taking calcium. One SAE each of diabetes mellitus
and ketoacidosis (301/327-005) was mentioned under the Immune-mediated diseases/Endocrine
disorders SOC.

SAEs in the Cardiac Disorders SOC occurred in 6 (0.3%) subjects in the Total DAC Pool. Dr.
Villalba finds no excess in DAC vs placebo or Interferon beta-1a. In the DAC group there were 2
cases of cardiomyopathy (303/554-00, resolved after 6 days, in a patient with hypertensive heart
disease; 303/433-003 who had possible etiologic factors of myocarditis following recent
vaccination vs suspected MI 6 months prior to the diagnosis vs DAC-related) and I agree with Dr.
Villalba that it is difficult to attribute these to DAC.

SAEs in the Vascular Disorders SOC occurred in 0.4% of subjects in the Total DAC pool. SAEs
not already mentioned elsewhere are as follows. In Study 301 there were 4 SAE on DAC: one
DVT, one hypotension (301/128-003, beta-blocker overdose), and 2 vasculitis. Two SAEs of DVT
were reported in the Total DAC database; they resolved and did not lead to discontinuation and Dr.
Villalba notes that DVT would not be unusual in patients with MS who have limited mobility.

SAEs in the Pregnancy, Puerperium and Perinatal SOC occurred in 4 subjects (0.2%) of the Total
DAC pool: 3 spontaneous abortions and 1 ectopic pregnancy (vs 1 missed abortion on placebo and
1 spontaneous abortion on Interferon beta-1a). I agree with Dr. Villalba no conclusions can be
made regarding the role of DAC.

SAEs occurred in 3 subjects (0.1%) in the Ear and Labyrinth Disorders SOC (I agree that the
cases of vertigo and acute vestibular syndrome may have been manifestations of MS) and inl
subject in the Congenital SOC in the Total DAC pool (dermoid cyst) and there is no indication that
these are related to DAC. In the Eye Disorders SOC Dr. Villalba notes a case or iritis could be a
manifestation of autoimmunity; in that respect it could be either related to MS or to DAC.

Significant Adverse Events

Dr. Villalba identifies few events graded as severe and they only occurred in more than 2 subjects
each in Study 201 (in the DAC groups these included 4 patients with muscle spasms in DAC 300,
2 patients with vomiting on DAC 300, and 2 with pruritus on DAC 300). She notes finds that
analysis by severity did not identify any relevant AEs not previously identified by review of SAEs
or discontinuations.

Treatment Emergent Adverse Events and Adverse Reactions
Dr. Villalba shows that the SOCs with the most AEs (and greater than placebo in Study 201, at
least the same as Interferon beta-1a in Study 301) were Infections and Infestations, Nervous
system Disorders excluding MS in Study 201, General Disorders in Study 201, Skin and
Subcutaneous Tissue Disorders, Musculoskeletal in Study 301, and Gastrointestinal, all with at
least 30% of patients have an AE in the DAC group in Study 301.
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Dr. Villalba provides tables of the most common AEs (greater than 2% and at least 1%
greater than comparator) in Studies 201 and 301 in the Appendix of her review. The following
information is extracted from those tables, except where I indicate otherwise. Dr. Villalba
notes that the percentage of patients with at least 1 AE was greater in Study 301 vs 201
consistent with a longer duration of treatment in 301. In Study 201, there appears to be a dose
response relationship for many AEs.

The adverse events, excluding MS relapse, most commonly reported >5% in any DAC group)
and greater than placebo in Study 201 were:

Body System or Adverse Event Placebo | DAC 150 | DAC 300
Organ Class N=204 N=208 N=209
%P %P %P
Infections and Respiratory Tract Infection | 8 7 11
Infestations Upper Respiratory Tract 7 9 10
Infection (URI), URI viral
Pharyngitis 4 6 6
Oral Herpes 5 5 6
Influenza 5 2 6
Urinary Tract Infection 4 4 5
General Disorders Pyrexia 1 3 7
and Administration
Site Conditions
Psychiatric Depression, Depressed 2 7 7
Disorders Mood (combined)
Investigations ALT increased 2 5 6
Skin and Rash? 1 7 7
Subcutaneous Dermatitis- and Eczema- 2 3 6
Tissue Disorders Related Terms®

2] combined rash, rash macular, and rash maculopapular from Table 35 of the report for Study
201 consistent with the Sponsor’s grouping in the report for Study 301.

T combined eczema, dermatitis, dermatitis allergic, dermatitis atopic, and seborrheic
dermatitis, and dyshidrosis from Table 35 of the report for Study 201, consistent with the
Sponsor’s grouping in the report for Study 301.
¢ Values of 0.5 rounded to even number.

The adverse events, excluding MS relapse, most commonly reported (>5% in any DAC group)
and > Interferon beta-1a in Study 301 were:

Body System or Organ Adverse Event Interferon DAC 150
Class beta-1a N=919
N=922 %
%

Infections and Nasopharyngitis 21 25
Infestations Upper Respiratory Tract | 13 16

Infection

Influenza 6 9
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Pharyngitis 8 8
Bronchitis 5 7
Oral Herpes 5 6
Skin and Subcutaneous Dermatitis- and Eczema- | 6 14
Tissue Disorders? related terms
Rashes, Eruptions, and 4 10
Exanthems
Musculoskeletal and Back Pain 8 9
Connective Tissue Arthralgia 7 8
Disorders Extremity Pain 6 6
Myalgia 5 5
Psychiatric Disorders Depression, Depressed 7 10
Mood (combined)
General Disorders and Fatigue 8 8
Administration Site
Conditions
Investigations ALT Increased 7 8
AST Increased 5 5
Respiratory, Thoracic, Oropharyngeal Pain 4 8
and Mediastinal Cough 5 6
Disorders
Gastrointestinal Diarrhea 6 7
Disorders Nausea 5 5
Nervous System Hypoaesthesia 6 6
Disorders Dizziness 4 5
Blood and Lymphatic Lymphadenopathy 0.8 5
System Disorders

2 The terms reported here are from Table 219 of the study report for Study 301 and combine
multiple terms. Dr. Villalba provides the same findings from the JumpStart Team with
additional terms in this SOC that occurred in < 5% but with a >3% risk difference or >3x
Relative risk in DAC vs Interferon beta-1a including, angioedemas, bullous conditions, dermal
and epidermal conditions, exfoliative conditions, papulosquamous conditions, photosensitivity
and photodermatoses, and psoriatic conditions.

In the General Disorders SOC, Dr. Villalba notes no difference between DAC and placebo in
the incidence of influenza like illness in Study 201. However she notes an excess of influenza-
like illness on Interferon beta-1a (34%) compared to DAC (9%) in Study 301 and this occurs
within the first 3 months, thus possibly unblinding the patients. She finds a similar incidence
of injection site reactions for Interferon beta-1a and DAC, except for injection site hematoma
and hemorrhage that were slightly higher in DAC. She also reports the Pain and discomfort
HLT greater in DAC (7%) vs Interferon beta-1a (5%), and peripheral edema was greater in
DAC (2%) than Interferon beta-1a (1%).

Dr. Villalba conducted analyses of AE with a cutoff at 180 days post-last dose (the cutoff used
in the submission) vs 30 days post-last dose for Study 301, given the long-term effects of
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DAC. She found no differences in the overall number of AEs, but captured a slightly greater
percentage of SAE using the original 180 day cutoff (24%) compared to the 30 day cutoff
(21%) in Study 301. These findings confirm that serious events continue to occur up to 180
days of last dose, and I agree that labeling should advise prescribers and patients of this if this
drug is approved.

Some common AE terms, such as various types of similar skin reactions, should be combined
(instead of split) in the presentation of common AEs in the label if this drug is approved.

Laboratory Findings
Please refer to Dr. Villalba’s review of laboratory findings. She does not find differences
between DAC and placebo or between DAC and interferon for hematology or chemistry
parameters (except for liver-related findings). Glucose was not routinely measured and
therefore may have underestimated diabetes mellitus. Calcium was not routinely measured
which could have implications for diagnosis of sarcoidosis.

Hematology: Dr. Villalba finds no clear effect on total WBC. She finds a slight lymphopenia
compared to placebo in Study 201, but similar to Interferon beta-1a in Study 301 (4% for DAC
vs 2% for Interferon beta-1a), and a 5-7% decrease in Total DAC. She points, however, that
the subset of lymphocytes affect by DAC may be different from those affected by Interferon
beta-1a. NK cells were increased by 48% from baseline for DAC and 3% for placebo in Study
201. Neither CD4+ counts nor grade of lymphopenia or neutropenia decreased appeared to
predict severity of infections.??

In Studies 201 and 202, the Sponsor conducted analyses of [ymphocyte subsets, showing a
decrease in Tregs and an increase in NK cells. Dr. Villalba notes that the sponsor does not
find a correlation between Treg levels and adverse events (or therapeutic efficacy); I agree
with her that those findings do not allow a conclusion that Tregs are functional as the
Sponsor asserts.

There was no increase in the number of eosinophils in DAC vs either placebo or Interferon
beta-1a, by there was an increase in eosinophil counts by 30% from baseline by week 144 and
by 80% by week 264 in the Total DAC database (but increases in individuals seemed to be
generally isolated events as noted by Dr. Villalba). According to a February 16, 2016,
response to an information request, the majority of AEs associated temporally with eosinophils
> 7% were rash or other cutaneous events.

There was a 20% increase in monocytes and basophils in the Total DAC database and Dr.
Villalba notes that the clinical significance of these increases is not clear.

Mean decreases in hemoglobin and platelet counts of approximately 2% from baseline
occurred in the Total DAC pool. Decreased hemoglobin <100 g/L occurred in 4% of subjects
and decreased platelets < 100 X 10°/L occurred in < 1% including 5 subjects with platelet
count less than 50 x 10%/L. Grade 3 or more decreased hemoglobin (< 80 g/L) did not result in
severe anemia, and Grade 3 or more decreased platelets (< 50-25 x 10%/L) did not result in

30 Based on February 1,.2016, response to an information request.
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abnormal bleeding, hematoma, or hemorrhage in subjects included as of the SUR cutoff of
November 14, 2014. However, as noted in the discussion of Immune-mediated hematologic
events, above, there were several subjects after that time (or beyond the cutoff of 180 days
after the last dose of DAC) with Grade 3 or more decreases in hematologic parameters that did
have serious events requiring hospitalization or transfusion. 3!

Chemistry: Dr. Villalba does not find important differences between DAC and placebo or
Interferon beta-1a for the chemistry laboratories (except for liver-related lab values).
However, she notes that clinical studies did not include measurement of blood glucose,
calcium, phosphate, or uric acid in the controlled studies or their extensions (except for
calcium and glucose in study 302, a 6 month open label study in 113 subjects). I discuss
implications of that omission elsewhere in my memo.

Please refer to Dr. Villalba’s review for detailed discussion of outlier analyses of ALT and
concomitant elevation of ALT and bilirubin and to my memo under Submission Specific Safety
Issues.

BUN and Creatinine — Dr. Villalba notes small increases in BUN and creatinine in Total DAC
that remained stable throughout the study and notes that the changes could have been due to
slight decreases in renal function or could have been due to dehydration. I agree that without a
comparator this is difficult to interpret.

Thyroid function tests: In study 201, Dr. Villalba notes that thyroxine (T4) showed shift to
low values in 5% of DAC 150 and DAC 300 and 3% of placebo. In Study 301, 12% of
subjects on DAC vs 9% on Interferon beta-1a had a shift to low total thyroxine levels; 8% on
DAC vs 5% on Interferon beta-1a had shift to low TSH. In The Total DAC pool, Dr. Villalba
the following results:

Shift to Low | Shift to high
TSH 6% 4%
Total Thyroxine | 10% 5%
Free Thyroxine | 2% 8%

Overall, for Total DAC, subjects with concurrent low TSH with either low or high thyroxine
on the same day was similar as was the percentage of subjects with high TSH and low or high
T4 on the same day (1% or less).3?

Dr. Villalba notes that similar numbers of patients had thyroid related AEs in study 301 in both
groups (3 subjects in each group). These were 2 subjects in each group with autoimmune
thyroiditis and 1 in each group with Basedow’s disease.

31 In a Submission of February 1, 2016, the sponsor responded to a request to provide a listing of all patients with
hematologic parameters meeting the definition of NCI CTCAE > 3 and to identify any associated adverse event.
The Sponsor states “AEs reported during the month window around events of Gr3 decreased hemoglobin
included ...... and anemia (all nonserious; none severe). However, the safety cutoff was 180 days after the last
dose of DAC. That would explain why subject 301/472-005 with Coombs positive hemolytic anemia and Grade
3 Hgb 184 days after last dose was not identified.

32 February 16, 2016, response to information request.
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Urinalysis: Dr. Villalba notes a shift from negative to non-negative for blood in urine for 30%
of DAC 150, 44% on DAC 300, and 36% on placebo in Study 201. In Study 301 she finds
such shifts in DAC (in approximately 10% of subjects) slightly more frequently than in
Interferon beta-1a at specific time points, and she finds shift to high in 27% in the Total DAC
pool. She notes that it is difficult to interpret these findings in isolation, without quantitative
values, or knowing whether it was associated with other signs or symptoms.

Dr. Villalba finds shifts to high for urine protein. Shifts from negative to non-negative were
similar between DAC ( 43% and 48% for DAC150 and 300, respectively) and placebo (42%)
in Study 201; shifts to high were similar between DAC (60%) and Interferon beta-1a (55%) in
Study 301. In the Total DAC pool, 63% had a shift to high/positive. Sixty-one % of the shifts
to high were trace and “1+”. No AEs of edema or diabetes were associated with proteinuria.?

Urine glucose: Dr. Villalba finds slighter higher frequency of shifts from negative to non-
negative in DAC (about 2-3%) vs placebo (1.5%) in Study 201. About 1% of subjects on DAC
or Interferon beta-1a had abnormal urine glucose in Study 301. In the Total DAC pool 4% of
subjects had glucosuria at least once, although 70% who developed glucosuria had only 1
abnormal reading.?> Of the 82 who had glucosuria, 18% had a history of diabetes at screening
and 60% were treated with high dose corticosteroids. Ten subjects had AEs temporally
associated with glucosuria and most were hyperglycemia. One subject, previously discussed,
had a SAE of diabetic ketoacidosis with thyrotoxicosis.

Vital Signs
Dr. Villalba reports that there were no clinically relevant changes in mean and median values

for vital signs before and after dosing and at the end of the study for individual pivotal studies
or the Total DAC database. Orthostatic changes were not measured.

Electrocardiograms (ECGs)
Dr. Villalba finds no relevant changes in phase 1, 2, or 3 trials of DAC. A thorough QT study
was not performed.

Immunogenicity
Dr. Villalba notes that, according to the Summary of clinical Pharmacology Studies, treatment
emergent anti-DAC antibodies (ADAs) were observed in 4% of evaluable subjects in study 201
and 19% in study 301. Neutralizing antibodies (Nabs ) were observed in 3% of subjects in study
201 and 8% in 301. The higher incidence of immunogenicity in Study 301 was explained by
more frequent testing at early time points and use of a more sensitive assay. Dr. Villalba notes that
the majority of subjects who became ADA- positive did so during the first year of treatment and
the immunogenicity response was transient. Dr. Villalba notes, and has noted throughout her
review, there does not seem to be a correlation between present of ADA or Nabs and SAEs or AEs
causing drug discontinuing, but that if high DAC levels interfere with detection of Nab, as noted
by Chen Su, CMC/Product Quality reviewer, that a correlation would not be reliable.

Additional Safety Explorations
Human Carcinogenicity or Tumor Development
Please refer to discussion of Malignancies.
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Human Reproduction and Pregnancy
Please refer to summary of pregnancy outcomes in SAEs. There is too little data to allow
conclusions regarding an effect of DAC on human reproduction and pregnancy.

Pediatrics and Assessment of Effects on Growth
Not evaluated in the pediatric population in this submission.

Overdose, Drug Abuse Potential, Withdrawal, and Rebound

The Sponsor concludes that there is a lack of signal for abuse or dependence properties in
nonclinical and clinical studies. I do not find terms related to abuse or dependence among the
common AEs (>2%). Dr. Villalba notes that at the pre-BLA meeting CSS agreed there is no need
to conduct a study for assessment of abuse potential.

Concerns identified through U.S. or foreign postmarket experience

DAC is not yet marketed in the US or in the rest of the world. Dr. Villalba points out that
safety data from daclizumab Nutley (Zenepak) used in the transplant population in patients
receiving other immunosuppressive drugs and with different treatment regimens does not
necessarily predict safety of DAC in the MS population.

Potential safety issues that could cause concern when considering how the drug may be used
in the postmarket setting

Even under conditions of stringent monitoring and evaluation of liver enzymes, cases of severe
DILI are likely to occur. Failure to adhere strictly to monitoring and evaluation of liver tests in
the postmarketing setting, particularly when patients will be able to self-administer DAC,
could lead to even more cases than would have been predicted based on findings in the clinical
database. Other events of concern such as infections, skin reactions, and other immune-
mediated events require prompt recognition, diagnosis, and appropriate treatment.
Malignancies in the postmarketing setting may be detected late in absence of frequent contact
with a healthcare provider as occurred in the clinical trials.

9. Advisory Committee Meeting

An advisory committee meeting is not planned.

10. Pediatrics

This application did not evaluate use in pediatrics. PERC has agreed to a waiver for pediatric
studies based on safety and agreed with language in labeling to say that use of ZINBRYTA is
not recommended in pediatric patients due to the safety risks.

11. Other Relevant Regulatory Issues

Please refer to the clinical efficacy review.
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Drs. Villalba and Senior do not recommend approval based on safety concerns. Dr. Rosenberg
recommend that the application either not be approved until the sponsor can address the safety
issues and 1dentify a strategy for patient selection, early detection and mitigation or be
restricted to a subset of patients where the risk/benefit ratio is considered favorable. A
recommendation regarding approvability can only be made based on a consideration of benefit
and risk. If it is determined that DAC could be approved, I would recommend approving it for
a restricted subset of the population.

12. Labeling

Prescribing Information

If DAC i1s approved, I have the following general labeling recommendations:

e DOSAGE AND ADMINISTRATION:

1.

Recommendations for laboratory monitoring, imitating daclizamab, and
discontinuing daclizumab, will be necessary to mitigate the risks of
hepatotoxicity.

e Safety information in the BOXED WARNING, CONTRAINDICATIONS, or
WARNINGS AND PRECAUTIONS sections:

1.

Reference ID: 3937713

I recommend a BOXED WARNING to describe the risk for potentially fatal
hepatotoxicity and agree with recommendations to include immune-mediated
events. These adverse reactions are serious, causally related to the use of DAC,
and have implications for prescribing decisions and for patient management.
Contraindication for pre-existing hepatic disease or hepatic impairment, a
history of autoimmune hepatitis or other autoimmune condition involving liver,
and a history of hypersensitivity to DAC.

. I recommend considering the following additional WARNINGS and

PRECAUTIONS:
= Skin Reactions
= Acute Hypersensitivity
= Multiorgan Hypersensitivity
= Infections
= Depression and Suicide

Breast Cancer (although based on uncertainty I think section 6 may be
appropriate)

= Lymphadenopathy
I note that the sponsor proposed adding information

discussion with Doran Fink in CBER on 5/26/16 and with reference to
information we have provided to other sponsor
, I note that the Agency does not find this approach

acceptable.
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Other Labeling

A Medication Guide will be an important tool in educating patients and caregivers about the
symptoms of hepatotoxicity, immune mediated reactions, and the other events identified in
WARNINGS and PRECAUTIONS and to facilitate prompt recognition and treatment. In
addition a Medication guide would provide information concerning the risks of DAC that
could affect patients’ decisions to use DAC.

13. Postmarketing Recommendations

Risk Evaluation and Management Strategies (REMS)

REMS are required risk management plans that use risk minimization strategies beyond the
product labeling to ensure that the product’s benefits outweigh its risks in the postmarket
setting.

On March, 8, 2016, the REMS Oversight Committee (ROC) recommended a REMS with
Elements to Assure Safe Use, including a registry, for daclizumab. The ROC was especially
mterested in whether patients with liver failure would be precluded from having a liver
transplant due to autoimmune disease effects on the liver. If sufficient evidence of benefit
supports approval, I agree that a REMS supporting strong product labeling will help ensure
safe use of daclizumab.

Postmarketing Requirements (PMRs) and Commitments (PMCs)

I suggest a registry study of short term and long term safety if DAC is approved. Ideally this study
would enroll every patient taking DAC, providing a known denominator that would be useful in
calculating the incidence of specific adverse drug reactions including hepatotoxicity, autoimmune
reactions, and malignancy once the drug is marketed. DNP has consulted with DEPI to plan for a
PMR for a post-marketing observational study. The Sponsor has a planned obsewational,(b z)q(lg)bal

drug observational study
® @

I suggest a pregnancy registry and DNP has consulted with DEPI and DPMH to consider the
language for such a PMR. The sponsor plans a pregnancy registry.

I recommend that the sponsor attempt to identify markers that could predict patients at risk for
serious skin reactions or for drug-induced liver disease. In addition, Dr. Amy Rosenberg, in a
review provided by email on March 4, 2016, has suggested the following PMRs:

e Correlate the extent of Treg depletion coupled with CD56hiNK enhancement in
patients with autoimmune mediated AEs vs those not manifesting such responses and
assess whether this could be used as a basis to develop an assay to predict
autoimmune AEs

e Develop an in vitro assay of lymphocyte proliferation (spontaneous and induced)
which could potentially provide a biomarker of autoimmunity. Given the
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lymphoproliferation associated with loss of Treg function, this should be evaluated by
the sponsor in patients who developed autoimmune AEs vs those that did not.

e Develop an RNA-seq analysis of lymphocytes to assess for a signature of
autoimmunity that could be utilized to identify informative biomarkers.

e Assess function of Tregs following recovery of significant levels on cessation of DAC

e Assess earlier biomarkers of liver injury (see enclosed paper)

e Investigate the presence of autoantibodies to the spectrum of autoantigens observed in
patients with mutations in IL-2RA and CTLA4 and their correlation to symptomatic
autoimmune disease

e Consider approaches to mitigating severe autoimmunity that consider the likely
mechanism of action, Treg depletion. Given the 6 month time to recovery of such
cells following cessation of DAC, strategies that would increase Treg numbers or
functionality, together with other immunosuppressive agents may more rapidly

reverse and prevent tissue damage.

She also recommends the following additional studies and development of mitigation

strategies:

1) The long term consequences of such treatment should be evaluated in Phase
IV safety assessment.

2) Mitigation strategies that have been developed for checkpoint inhibition
therapy should be employed in this setting, bearing in mind that some patients
died despite implementation of such strategies. Models that evaluate these
approaches as well as other approaches that may directly impact Treg numbers
or functionality should be considered in informing mitigation strategies.

Recommended Comments to the Applicant

In any ongoing or future studies, the Sponsor should continue to monitor for adverse events of
special interest as in the studies comprising this BLA. Laboratory monitoring should include
glucose and calcium measurements. The Sponsor should consider how to facilitate
compliance with laboratory monitoring and evaluation provided for in prescribing information.
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1 Executive Summary

1.1. Product Introduction

Daclizumab (DAC) is a humanized monoclonal antibody which binds to CD25, the a-subunit of
the interleukin 2 (IL-2) receptor. Because CD25 expression on T cells is up-regulated after T cell
activation daclizumab may reduce inflammation and CNS injury in patients with Multiple
Sclerosis (MS). Daclizumab High Yield Process (DAC HYP) differs from previous versions of DAC
in that it is manufactured using a new NSO-derived cell line and process. DAC HYP is considered
a new molecular entity. The product is provided as a 150 mg/mL solution in a pre-filled syringe.

The proposed dose for the treatment of relapsing forms of Multiple Sclerosis (RMS) is 150 mg
delivered subcutaneously (SC) in a single dose 2l

1.2. Conclusions on the Substantial Evidence of Effectiveness

Data from a large randomized controlled study (205MS301 or Study 301) provides evidence
that treatment with DAC HYP 150 mg SC g4 W is statistically superior to treatment with
interferon B1a 40 g intramuscularly (IM) given weekly for the primary endpoint of reduction in
the Annualized Relapse Rate (ARR) in patients with RMS. Data from a smaller study comparing
two doses of DAC HYP, 150 mg and 300 mg q4W to treatment with placebo provides supporting
evidence that DAC HYP reduces the ARR in RMS patients. The two studies constitute adequate
substantial evidence of efficacy for an indication for the treatment of RMS. Relapses were
associated with a mean change in EDSS of 1.5 points in the placebo group in Study 201 and in
the Avonex group in Study 301. This change in EDSS likely translates to at least a temporary
significant decline in level of function. This change was sustained for at least 12 weeks in
approximately 25% of these subjects. Although evidence of a longer term reduction in disability
is the most desirable benefit, the reduction in the disability associated with relapses is a
relevant clinical benefit.

DAC HYP has not been shown to have a benefit on longer term disability that is better than that
seen with Avonex. Although fewer subjects in Study 301 treated with DAC HYP 150 mg had
progression of their disability, the difference compared to treatment with Avonex was not
statistically significant for the pre-specified measure, the proportion of subjects with 12 week
confirmed progression of disability. Avonex has been shown in a single previous study to reduce
progression of disability when compared to placebo. Without a concurrent placebo arm in
there is no assurance that Avonex had any effect on long term disability in Study 301. Although
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not statistically significant using the pre-specified imputation method of assuming no
progression if the tentative progression could not be confirmed, imputation of the rate of
confirmation for the treatment group does result in a more significant advantage for DAC HYP
150 mg treatment. In study 201 the reduction in confirmed disability after one year of
treatment was nominally significant but not included in the statistical analysis plan and
therefore deemed not statistically significant. The treatment duration was too short and sample
size too small to draw meaningful conclusions on this endpoint in Study 201. The absolute
number of progressions is small. Nevertheless the relative reduction compared to placebo of
57% and 42% for the DAC HYP 150 mg and 300 mg respectively does provide some support for
a reduction in disability with DAC HYP treatment. Alternate exploratory measures of function
do not show a benefit from DAC HYP treatment. The final EDSS score and change from baseline
in EDSS score at the end of treatment are within the interrater variability of the scale'. The
distance walked category did not change at the end of treatment. Therefore the evidence to
support an effect of DAC HYP treatment on long term disability is limited.

Treatment with DAC HYP did reduce the various MRI measure of disease activity. These
measures do not have an established relationship to patient function and therefore are
supportive at best.

1.3. Benefit-Risk Assessment
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Benefit-Risk Summary and Assessment

Multiple Sclerosis (MS) is a disorder of the Central Nervous System characterized by recurrent episodes of neurologic deficits in (relapses)
scattered areas of the nervous system followed by a period of recovery that becomes less complete with each relapse. Over time the residual
deficits from these episodes lead to an accumulation of disability. The onset of MS is typically between the ages of 20 and 40 years. MS is much
more common in more northern latitudes including the US, Canada and parts of Europe where the prevalence is over 100 per 100,000
population. For relapsing forms of MS the median time to loss of independence is between 20 and 30 years from onset?>. Mortality is higher in
patients with MS compared to the general population®.

Injectable B-interferons and glatiramer acetate reduce the relapse rate in MS and are relatively safe. The evidence that these products have an
effect on long term disability is inconsistent. They are the most common initial therapies employed for the typical patient with RMS. These
products require either subcutaneous or intramuscular injections. There are three approved oral therapies (fingolimod, dimethyl fumarate and
teriflunomide) whose efficacy is comparable to the first line injectable therapies. Two monoclonal antibodies, natalizumab and alemtuzumab,
are approved for RMS but because of serious safety concerns are usually limited to patients who have not responded adequately to other
therapies.

In a large adequate and well-controlled trial DAC HYP has been shown to be superior to an approved B interferon in reducing the relapse rate in
RMS. This benefit was supported by a smaller study in which two doses of DAC HYP were superior to placebo. A reduction in the frequency with
which patients with MS are temporarily disabled by a relapse provides a relevant benefit. The evidence for a reduction in longer term disability
are not statistically significant but do provide limited support for a relevant benefit beyond the reduction in relapses.

Treatment with DAC HYP is associated with more serious risks compared to the interferons and glatiramer acetate. The benefit of treatment
with DAC HYP does not justify the risk for treatment naive MS patient or for patients who have responded adequately to therapies with
comparable efficacy and less serious risks.

! http://www.msif.org/wp-content/uploads/2014/09/Atlas-of-MS.pdf
http://www.who.int/mental health/neurology/Atlas MS WEB.pdf
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Dimension Evidence and Uncertainties

Conclusions and Reasons

e RMS is a condition associated with a risk of short term disability due
to relapses and a risk of gradually increasing longer term disability
due to incomplete recovery from relapses as well as from
neurodegenerative changes.

MS is a condition that can result in a serious
loss of function over the course of a relapse
(months) as well as over the long term (years)
course of the illness. The onset in early
adulthood, most commonly in women of child-
bearing potential, makes MS a seriously
disabling illness.

e There are multiple treatment options available.

e Current approved therapies reduce the relapse rate but have an
inconsistent benefit on the accumulation of disability over 2 years or
more

The B-interferons and glatiramer acetate are
relatively safe but do not affect the relapse
rate in all patients and have an inconsistent
effect on long term disability. More recently
approved therapies are generally associated
with greater risk but offer an alternative to
those who did not respond adequately to the
interferons or glatiramer acetate.

e The evidence for a reduction in the rate of relapses is consistent

e The evidence provided suggests that the reduction in long-term
disability is approximately equivalent to that of currently available B-
interferons

A reduction in the relapse rate this is superior
to that of a B-interferon and a reduction in
long term disability comparable to a B-
interferon would justify the increased risk for
those MS patients who need an alternative
therapy.
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Dimension Evidence and Uncertainties

Conclusions and Reasons

e There is a significant risk of serious liver injury
e There is a significant risk of autoimmune diseases typically seen with
other monoclonal antibodies which target B and T cells

See review of safety by Dr. Villalba

e |t appears that surveillance for liver toxicity can be effective in
identifying early hepatic injury

e Early detection and discontinuation of treatment does not
consistently reverse the liver toxicity

See review of safety by Dr. Villalba
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2 Therapeutic Context

2.1. Analysis of Condition

Multiple Sclerosis is a chronic disorder of the CNS characterized by recurrent episodes
(relapses) of neurologic deficits that are due to one or more areas of acute injury to myelin,
oligodendrocytes and to a lesser extent axons and neurons. Areas of acute inflammatory injury
may involve subcortical white matter, brainstem, optic nerve and /or spinal cord. The diagnostic
criteria for MS essentially require clinical and/or imaging evidence of a dissemination of these
events “in space and time”®. Although early relapses may be followed by complete recovery,
over time the recurrent relapses are associated with an accumulation of residual deficits and
increasing disability®. Over time a slow progression of disability independent of the occurrence
of relapses is seen in most patients with MS”%. Approximately 15% of patients with MS have a
slowly progressive course from onset. Of those with a typical relapsing onset, approximately
one-third will enter a slowly progressive phase with or without superimposed relapses®.
Although disability can result from residual deficits following relapses®, relapses are probably
not the dominant factor resulting in severe and permanent disability**. Therefore a reduction in
the relapse rate does not necessarily correlate with a significant reduction in long term
disability. However the early frequency and severity of relapses and incomplete recovery from
early relapses all tend to predict a more rapid progression of irreversible disability***3. Relapses
are associated with a mean increase of 0.75 on the EDSS scale’®. Most of the time the disability
incurred at a relapse improves significantly within 2 to three months'®. Increases on the EDSS
that meet generally accepted criteria for confirmed progression of disability for 3 or 6 months
are usually not sustained to one or two years*.

2.2. Analysis of Current Treatment Options

The currently approved therapies for RMS are shown in Table 1 below. Available therapies
reduce the relapse rate by 30 to 50%. While a reduction in the number of relapses is desirable it
is unclear that this will result in a significant reduction in long term disability. Differences in
methodology and the populations studied limit interpretation of the effect of these therapies
on long-term disability. Several have shown a numeric reduction in some measure of disability
that was confirmed 12 and/or 24 weeks after an initial significant increase in EDSS score.
However, if a statistically significant reduction was seen in one trial, the result was usually not
replicated in a second trial. There is insufficient evidence at this time to support the use of any
of the MRI measures of disease activity as the primary criterion for the choice of therapy.

Because they were the earliest approved therapies and because there have been no major
safety concerns, either a B -interferon or glatiramer acetate are often the initial choice for
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treatment for new onset typical RMS. Because the interferons share the same presumed
mechanism of action and have similar efficacy, if the response is not adequate to one interferon
then the choice of next therapy is usually not a different interferon and usually not glatiramer
acetate. There are now several approved alternative therapies with efficacy at least comparable
to the interferons and glatiramer acetate. The data available are not sufficient to conclude that
the efficacy of any of the alternative therapies is superior to the older “first line” therapies.
Each has somewhat unique benefits and risks. Unless there is strong evidence of superior
efficacy and/or a notable lack of safety concerns, any new approved therapy will most likely be
used for those who have not responded adequately to the interferons, glatiramer acetate and
possibly one of the approved oral therapies.

CDER Clinical Review Template 2015 Edition 18
Version date: June 25, 2015

Reference ID: 3899808



Clinical Review
Lawrence Rodichok MD
BLA 761029

Zinbryta/Daclizumab High Yield Process/DAC HYP

Table 1: Approved treatment for Relapsing Forms of Multiple Sclerosis

FDA-Approved Treatments for Relapsing Forms of Multiple Sclerosis
Approved Drug Name Sponsor Approved Dose Frequency Major Safety Concerns
Betaseron 0.25 mg —(initial dose 0.0625 SC qod
Beta interferon 1b (Betaferon in Bayer 1993 mg - gradually increase over g None
the EU) 6 weeks)
30 pg (may start at 7.5mg &
Beta interferon 1a Avonex Biogen Idec 1996 increase by 7.5 pug weekly for IM q week None
3 weeks)
Glatiramer acetate Copaxone Teva 1996 20 mg/day SQqd None
Mitoxanthrone Novantrone EMD Serono 2000 12mg/m2 IV over 5 to 15 min IVg3mo Cardiotoxicity
0,
Beta interferon 1a Rebif EMD Serono | 50y | 22Hg or ddpg (startat20% of | g g | Nope
Pfizer Inc. target; increase over 4 weeks)
Natalizumab Tysabri Elan 2004 300mg IV over 1 hour every 4 weeks | PML
0.25 mg —(initial dose 0.0625
Beta interferon 1b Extavia Novartis ﬁggg) mg - gradually increase over SQ qod None
6 weeks)
First dose bradycardia
orallv once Cl for recent MI, unstable angina, TIA,CHF
Fingolimod Gilenya Novartis 2010 05mg y Macular edema
daily -
Impaired PFTs
Fetal risk
Black box warning for hepatotoxicity and
Teriflunomide Aubagio Sanofi 2012 7mgor 14 mg oraIvaonce teratogenicity; addﬂmnal concems forAWBC
daily decrease, renal failure, skin reactions;
peripheral neuropathy
Dimethyl fumarate Tecfidera Biogen-ldec 2013 :néo mg for 7 days, then 240 twice daily Lymphopenia
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FDA-Approved Treatments for Relapsing Forms of Multiple Sclerosis
Approved Drug Name Sponsor Approved Dose Frequency Major Safety Concerns

EEGY'a‘ed interferon | preqridy Biogen 2014 Q2 weeks | None
Black box warning for serious/fatal
autoimmune conditions including

. thrombocytopenia and anti-glomerular
st
Alemtuzumab Lemtrada Genzyme 2015 ! course__12 mg/dy X5 2 courses 12 basement membrane disease; serious and
2nd course: 12 mg/dy X3 months apart | |. P AN .

life-threatening infusion reactions; special
facilities required for infusion; increased risk
of malignancies; REMS
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3 Regulatory Background

3.1. U.S. Regulatory Actions and Marketing History

Daclizumab High Yield Process (DAC HYP) is considered a new molecular entity. Daclizumab
manufactured using a different process was approved in the United States on December 10,
1997 under BLA 103749 for the prophylaxis of acute organ rejection in patients receiving renal
transplants. Zenapax® was withdrawn from the market in the European Union effective on
January 1, 2009 and from the US market in September 2009. The sponsor indicated that the
reason for withdrawal was commercial. The European Medicines Agency confirmed that the
withdrawal was not for safety concerns. The label included a black box warning for use only by
physicians experienced in immunosuppressive therapy and management of organ transplant
patients. Zenapax® was contraindicated in patients with known hypersensitivity to daclizumab.

3.2. Summary of Presubmission/Submission Regulatory Activity

IND 012120 for the use of Daclizumab High Yield Process (DAC HYP) for the treatment of
multiple sclerosis was submitted by PDL BioPharma, Inc on December 3, 2004. The first clinical
trial was allowed to proceed on January 5, 2005. The IND was never on clinical HOLD.

The sponsor was changed to Facet Biotech Corporation on December 19, 2008 and to Abbott
Biotherapeutics on January 11, 2011. The parent company, Abbott Laboratory changed its
name to AbbVie on August 2, 2012. On May 12, 2015 sponsorship was transferred from AbbVie
to Biogen, Incorporated.

Fast Track designation was denied on April 1, 2011.
The Pediatric Plan includes a waiver for the study of patients Bre)

On November 26, 2014 an agreement letter was issued
® @

The End of Phase 2 meeting was held on July 24, 2008. Issues of note at that meeting were the
following:
1. There was a concern for the potential behavioral effects of the finding of microglial

aggregates in the CNS of monkeys. )@
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2. FDA indicated that demonstration of a statistically significant effect on the primary
endpoint in one study at 1 year and in a second study at 2 years with at least 2 years of
controlled safety data from each study would potentially support registration of
daclizumab.

A special protocol assessment for Study 301 was requested on August 25, 2009.
A No Agreement letter was issued on October 9, 2009 with the following comments to
sponsor that are relevant to the current application:

1. It was recommended that disability progression be specified as the first key secondary
endpoint. (This endpoint is the second of the key secondary endpoints in the protocol
for which an SPA agreement was reached).

An SPA Agreement letter was issued on May 28, 2010

A No Agreement letter to proposed modifications to the SAP was issued on April 28, 2014.
(b) (4)

(b) (4)

3.3. Foreign Regulatory Actions and Marketing History

Daclizumab High Yield Process is not approved outside the United States.

4 Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety

4.1. Office of Scientific Investigations (OSI)

The following sites were inspected:

Table 2: Reviewer table: OSI site audits and final classification.
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Site number/Location/Pl Protocoll/#subjects Final classification
604/Poland/ Selmaj Study 301/54 NAI
659/Czech Republic/ Dufek Study 301/23 NAI
670/Serbia/ Nadj Study 301/41 VAl
611/Poland/ Zielinski Study 301/40 NAI
453/ltaly/ Patti Study 301/40 VAl
459/ltaly/ Centonze Study 301/14 VAI

NAI: No deviations; no action indicated
VAI: Deviations from regulations; voluntary action indicated

Reviewer Comment: The deviations that were found were infrequent and were considered
unlikely to have had any impact on key efficacy or safety results. Examples of minor deviations
were visits conducted outside of the protocol-defined window and isolated examples of
concomitant medications not recorded.

4.2. Product Quality
See the review by Dr. Chen Sun

4.3. Clinical Microbiology
See the review by Dr. Bo Chi

4.4, Nonclinical Pharmacology/Toxicology
See the review by Dr. David Carbone

4.5. Clinical Pharmacology
See the review by Dr. Ta-Chen Wu

4.5.1. Mechanism of Action

See the review by Dr. Ta-Chen Wu

4.5.2. Pharmacodynamics
See the review by Dr. Ta-Chen Wu

4.5.3. PharmacoKkinetics
See the review by Dr. Ta-Chen Wu

4.6. Devices and Companion Diagnostic Issues
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The product is supplied as a prefilled syringe.
4.7. Consumer Study Reviews

Not applicable

5 Sources of Clinical Data and Review Strategy

5.1. Table of Clinical Studies

APPEARSTHIS WAY ON ORIGINAL
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Table 3: Listing of Clinical Trials Relevant to this BLA

Trial Trial Design Regimen/ Primary Study Treatment No. of Study No. of Centers and
Identity schedule/ route Endpoint Duration/ patients Population Countries
Follow Up enrolled
Controlled Studies to Support Efficacy and Safety
Study 201 | RCT; 2 doses vs. 150 mg or 300 mg Relapsing 78 sitesin 9
(SELECT) placebo q4W ARR 52 weeks 621 forms of MS countries — all OUS
Study 301 | RCT; 1 dose vs. 150mg SC q4W vs Relapsing 245 sites in 28
! ARR 96 k 1841
IFN B 1a 30 pg IM qW weeks forms of MS countries
Studies to Support Safety
205MS 202 | RCT extension of
Study 201; Relapsing
2 dos'es. ?f DAC 150 mg or 300 mg . Safety anf:i' 52 weeks 517 forms of MS; 73 sites -in 8
HYP; initial q4W immunogenicity Study 201 countries
placebo X4 doses completers
for 2 cohorts
205MS 203 | Open label Relapsing
150 aw Safet Up to 6.5 410* S 201
extension of 202 meé 9 id pto years forms of MS ame as
205MS302 | Open label 150 mg q4Ww;
extension of 301 washout X 20 Immunogenicity N Relapsing
weeks; 150 mg and PK 133 forms of MS Same as 301
q4W
205MS303 | Open label Up to 144 Relapsing
150 4W Safet 1033* S 301
extension of 301 mE 9 i weeks forms of MS ame as
Other studies pertinent to the review of efficacy or safety (e.g., clinical pharmacological studies)
DAC-1012 | RCT; 2 doses vs. 1 mg/kg; 2 mg/kg; | Total Gd- . 51 sitesin 5
. Relapsing .. .
placebo PBO enhancing 24 weeks 230 countries including
. forms of MS
lesions the US
RCT: Randomized, controlled trial; PBO: placebo
*: at the time of submission
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5.2. Review Strategy

This review is focused primarily on the results of Study 301 because it is the only study
submitted in which treatment duration was for at least 2 years and the key efficacy endpoints
are assessed after two years of treatment. Study 201 is a smaller study (approximately 200
subjects per treatment arm) in which treatment was for one year. The Division of Neurology
Products does not typically consider one year an adequate period to assess the effect on the
ARR and on progression of disability and to assess the stability of any benefit over time. Study
201 was intended in part to assess any difference in efficacy and safety between 150 mg and
300 mg SC g4W compared to placebo.

Reviewer Comment: At the End of Phase 2 meeting “FDA indicated that demonstration of a
statistically significant effect on the primary endpoint in one study at 1 year and in a second
study at 2 years with at least 2 years of controlled safety data from each study would potentially
support registration of daclizumab”. See Section 3.2.

6 Review of Relevant Individual Trials Used to Support Efficacy

6.1. Study 301 - Multicenter, Double-blind, Randomized, Parallel-
group. Monotherapy, Active-control Study to determine the Efficacy
and Safety of Daclizumab High Yield process (DAC HYP) versus Avonex
(Interferon f3-1a) in Patients with Relapsing-Remitting Multiple
Sclerosis

Study 301 is the primary source of data to support a claim of Befficacy.
6.1.1. Study Design
Overview and Objective

The primary objective of this study was to demonstrate the efficacy of DAC HYP 150 mg SC q4W
in patients with RRMS by showing superiority to the active concurrent comparator Avonex
(interferon B1a) in reducing the annual relapse rate after two years of treatment.

Trial Design

Study 301 utilized a prospective randomized double-blind double-dummy parallel group design
in which all subjects received a subcutaneous injection of either DAC HYP 150 mg q4W or a
weekly intramuscular injection of 30 pug of Avonex for a minimum of 96 weeks. All subjects
received matching injections of intramuscular or subcutaneous placebo.
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The use of a double-dummy design is important for blinding since Avonex and DAC HYP are
given with different timing and routes of administration. The choice of attempting to
demonstrate the superiority of DAC HYP to a well-established interferon is important in the
interpretation of the risk benefit comparison since Avonex has been shown to benefit both the
annualized relapse rate and, in a single trial, a reduction in the progression of disability. The
DAC HYP dose of 150 mg SC g4W was selected based on the results of Study 201 (SELECT) in
which doses of 150 mg and 300 mg q4W were compared to placebo (see 6.2) and study DAC-
1012 (“CHOICE”) in which does of 1 mg/kg and 2 mg/kg were studied.

Study 301 was conducted in 28 countries at a total of 246 sites including 49 sites in the United
States and 9 in Canada. Sites were in Eastern and Western Europe, Scandinavia, Asia and South
America.

Reviewer Comment: The inclusion of sites from a wide range of geographic locations is
reasonable. Any differences in treatment of MS, particularly the algorithm for the use of
“disease-modifying” treatments such as DAC HYP, in different countries have not been
systematically studied. Nevertheless there have been no indications that there are major
differences in the treatment of MS between the regions from which sites were selected.

The date of first subject treated was May 11, 2010 and the Last Patient Last Treatment Period
Visit date was March 5, 2014. The last follow-up assessment occurred on July 28, 2014.
Database lock was September 16, 2014.

The study objective was to show superiority to an active comparator, Avonex. Avonex has been
shown to reduce the annual exacerbation rate compared to placebo from 0.82 to 0.67 (relative
reduction of 18%) at 2 years, to reduce the proportion with progression of disability from 35%
to 22% (relative reduction of 37%) at 2 years, as well as to reduce the occurrence of various MRI
measures of disease activityz.

The key eligibility criteria for this trial allowed inclusion of patients who fulfilled the generally
accepted McDonald criteria™ for relapsing MS as revised in 2005 . In addition, evidence of
recent disease activity was required. Recent activity could be demonstrated by recent clinical
relapses and/or evidence of new lesions on MRI scan. Those with a very recent relapse, i.e.
within 50 days were excluded. Patients with any progressive form of MS including secondary
progressive forms were excluded. The baseline EDSS score had to be 5.0 or below, i.e. patients
had to be able to walk at least 200 meters without aid or rest but some of their activities of
daily living may have been impaired. Patients being treated with Avonex were not excluded.

2 http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/103628s5258Ibl.pdf
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Patients with a history of prior treatment with most other “disease-modifying” or
immunosuppressive therapies for MS were excluded if the treatment had occurred within a
specified interval varying from as long as one year (e.g. natalizumab) to as short as 30 days
(glatiramer acetate and IV or oral corticosteroids) prior to randomization.

Reviewer Comment: The eligibility criteria are reasonable and comparable to those for studies of
the products currently approved for the treatment of RMS. The criteria are expected to yield a
study population of subjects who are either treatment naive or who continue to have relapses
despite previous “disease modifying” therapy. Such a population would be typical of a
population being treated in clinical practice in the US and OUS. The complete eligibility criteria
are in Appendix 13.3.

Prospective subjects were to be screened for eligibility no more than 4 weeks prior to the
baseline visit at which the reference EDSS score was to be recorded.

The planned duration of treatment was a minimum of 96 weeks but no greater than 140 weeks.
Subjects who completed the trial were eligible for continued treatment in an open label
extension study (205MS302). Subjects who did not enter the extension study were to have
follow-up visits at 8, 12, 16, and 24 weeks after the last dose of study treatment. These four
visits could be used to confirm a tentative progression of disability by EDSS.

Reviewer Comment: The duration of treatment for approximately 2 years is comparable to that
in most recent studies of treatments approved for RMS. It allows an adequate period to assess
the effect on the ARR and on progression of disability and to assess the stability of any benefit
over time.

Those randomized to DAC HYP were treated with 150 mg SC g4W. This dose was selected based
on the results of Study 201 which was interpreted by the sponsor to show no additional benefit
in the 300mg SC every 4 week group. The dose of Avonex, 30 pg IM every week, was the
approved dose for treatment of RMS. Avonex was administered by subjects or another
caregiver while DAC HYP was administered in a clinic setting.

Reviewer Comment: Doses of an earlier formulation of daclizumab lower than 150 mg g4W, i.e.
1 mg/kg SC g4W in Study DAC-1012, were expected to be less effective than the 150mg dose.
Study DAC-1012 relied primarily on surrogate endpoints and was studied in subjects on
concurrent interferon 8 therapy. Nevertheless the dose of daclizumab selected for this Study 301
is reasonable.

A dose of study medication could be delayed or omitted for a fever, evidence of infection, skin
reaction, reduction in white blood cell, lymphocyte or platelet count, or elevated liver function
studies. The protocol called for resumption of dosing or permanent discontinuation of
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treatment based on criteria for resolution of the problem. Compliance with Avonex
administration was “monitored and recorded in the subject’s CRF by site staff”.

Concurrent and rescue medications

For the first 24 weeks of the trial subjects were instructed to take an anti-inflammatory drug,
most commonly acetaminophen or ibuprofen, prior to each Avonex/Avonex placebo injection
and during the 24 hours after the injection. The use of these drugs after 24 weeks was at the
discretion of the investigator. These drugs were permitted if necessary to treat flu-like
symptoms if they occurred beyond 24 hours after the injection.

The use of anti-inflammatory agents beyond the first 24 weeks could be a measure of the
frequency of administration-related adverse events. Whether subjects did or did not use these
medications prior to and after administration of investigational product was recorded in the CRF
throughout the trial. See page 61 of this review.

Subjects could choose to continue the investigational treatment despite the occurrence of a
relapse (repeat consent was required). Thus some subjects may have experienced more than
one relapse during the trial. Those who completed the protocol-defined treatment were eligible
for the long term open label trial (205MS302). Those who discontinued treatment prematurely
(prior to week 140) were expected to attend a modified schedule of follow-up assessments 8,
12, 16 and 24 weeks after the end of treatment (as for those who completed the planned
treatment but who chose not to enter the extension study these visits could be used to confirm
a tentative progression of disability by EDSS).

Concomitant treatment with alternative therapies for MS were not permitted and a reason for
discontinuation. Treatment for an acute relapse with systemic corticosteroids was permitted
but subjects could refuse this treatment for a relapse. Symptomatic treatment such as
dalfampridine could not be initiated during the trial although a stable dose of such a treatment
was allowed at entry.

Study specific reasons for withdrawal or discontinuation

Subjects were discontinued if treatment with a prohibited medication was required or if there
was a hypersensitivity or suspected allergic reaction to the study treatment. Subjects were also
discontinued if elevated liver function studies or depressed blood cell counts met specific
criteria (protocol Section 11.2.1). There were no other study-specific reasons for withdrawal. All
subjects who withdrew from the study or who discontinued treatment before week 140 were
to be asked to continue in the study for a modified schedule of efficacy and safety assessments
at 8,12, 16 and 24 weeks after discontinuing treatment.
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Randomization
Randomization was 1:1 using an interactive voice response system. Stratification was by site
and prior treatment with a 8 interferon.

Blinding

Efforts to maintain blinding included the use of the double-dummy design. A placebo matching
the appearance of both DAC HYP and Avonex were used. Most patients being treated with
Avonex experience a local injection reaction and/or flu-like symptoms within hours to days
after the injection. Subjects were instructed by the treating neurologist and/or treating
technician to conceal the injection site(s) from the examining neurologist/technician at the time
of an EDSS or relapse assessment. The treating neurologist and/or technician were to assess
injection sites for evidence of a local reaction. The treating neurologist and/or technician were
responsible for medical management, reporting of adverse events and were to review
laboratory results. Since flu-like symptoms and fever are likely to occur with Avonex and DAC
HYP infusions as well, all subjects were treated with anti-inflammatory agents within 24 hours
prior to and after each injection. After 24 weeks the anti-inflammatory drugs could be
discontinued or continued at the discretion of the investigator.

The treating nurse was responsible for informing the treating neurologist if the subject met the
endpoint criteria for sustained progression of disability. The treating neurologist made the
decision as to whether symptoms of a potential relapse reported by a subject should be further
evaluated by the examining neurologist or dismissed as not related to a relapse. The clinical
assessments that were key to the determination of whether a relapse had occurred, i.e. the
presence of an “objective” neurologic deficit, were performed by an “examining neurologist” or
“examining technician” who were to remain blinded to treatment assignment, adverse events
and laboratory results. Similarly, since the EDSS is susceptible to bias'’, this key measure of
progression of disability was performed by the examining neurologist and/or technician who
were not to have access to any clinical or laboratory data. A blinded independent neurology
evaluation committee (INEC) made the final determination as to whether a relapse had
occurred based on the data transmitted by the treating and examining neurologist/technician.

To assess the success of these blinding procedures the sponsor was asked to assess for any bias

in the selection of events for further evaluation by the examining neurologist and/or technician
and in the determination of relapses by the INEC.

CDER Clinical Review Template 2015 Edition 30
Version date: June 25, 2015

Reference ID: 3899808



Clinical Review

Lawrence Rodichok MD

BLA 761029

Zinbryta/Daclizumab High Yield Process/DAC HYP

Assessments

The key assessments for Study 301 are those shaded in the Figure 1 below. An EDSS assessment was performed at scheduled visits
every 12 weeks and at any unscheduled visit, typically for a possible relapse. An MRI scan was done at week 24 and 96. The process
for evaluation of a possible relapse is summarized in Figure 2 below. Treatment and assessments could continue up to week 140.

Figure 1: Reviewer Figure: Study 301 Key Assessments

Study Week

Screening
Baseline

12 |1 16 | 20 [ 24 [ 28 | 32 | 36 | 40 | 44 [ 48 | 52 | 56 | 60 | 64 [ 68 | 72 | 76 | 80 [ 84 | 88 [ 92 | 96
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Figure 2: Reviewer Figure: Relapse Assessment Process

Suspected Relapse
Subject suspects possible relapse and contacts the Treating Neurologist within 48 hours of onset of symptoms

!

| Treating Neurologist/designee conducts Suspected Relapse Questionnaire to determine if criteria exist for further evaluation via Unscheduled Relapse Assessment Visit. |

!

| No Relapse | Possible Relapse
No need for further evaluation via in-office Unscheduled Relapse Need for further evaluation via Unscheduled Relapse Assessment Visit. Schedule
Assessment Visit. subject for Unscheduled Relapse Assessment Visit (conducted within 72 hours of

_ onset of symptoms).

!

Treating Neurologist evaluates subject for possible relapse and refers all subjects to
Examining Neurologist (within 5 days of onset of symptoms). Treatment of relapse
per protocol can occur after Examining Neurologist's evaluation

! J

ISubject should proceed with scheduled office visits per Study Activities Charf If No Examining Neurologist examines the subject (within 5 days of onset of symptoms) to
(&= | determine if new objective findings on neurological exam have occurred.

!

| Refer to INEC for relapse confirmation
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Identification of a relapse

Subjects who suspected that they were experiencing a relapse were expected to contact the
treating neurologist within 48 hours of symptom onset. A standardized “Suspected Relapse
Questionnaire” was to be completed to determine the necessity of an Unscheduled Relapse
Assessment Visit (Protocol section 14.3.8). If required, the subject was to then be evaluated in
person by the Treating Neurologist as soon as possible and within no more than 72 hours of the
onset of the potential relapse. The site operation manual states that the “Suspected MS
Relapse Questionnaire — INEC Alert Form” should only be completed if the suspected MS
Relapse case is sent to INEC for review”.

Reviewer Comment: The 74-day letter included an information request for the data from these
forms in order to document the details of this process and in particular to allow an assessment
of whether there was any bias in the determination of which subjects would be assessed in
person for a possible relapse.

A relapse was defined as any new or recurrent neurologic symptoms that correlated with an
“objective” neurologic deficit on examination by the examining neurologist or technician. A
minimum increment in neurologic deficit was not required. An assessment of EDSS, MSFC and
VFT was included in the assessments by the examining neurologist/technician if the event was
referred by the treating neurologist.

Reviewer Comment: At the pre-BLA meeting the sponsor was asked to “describe the detailed
sequence used for identification of relapses from the initial subject report to confirmation by the
Independent Neurology Evaluation Committee (INEC)”. The sponsor was asked to include the
time that the symptoms were first reported by the subject, the time of first assessment by the
treating neurologist, the time of examination by the examining neurologist and the time the
data was sent and reviewed by the INEC. These are all provided in the RL and ES datasets. The
sponsor was asked to provide analyses that would assess any potential bias in the process of
evaluating relapses — this was provided in submission e0030. The sponsor was asked to provide
analyses of relapses as reported by subjects, as determined by the results at the investigative
site in addition to the primary analysis as determined by the INEC. These are provided in the
Study 301 CSR. All INEC reviews were to be based on subject examination records from the
treating and examining neurologist but without knowledge of the subject’s treatment
assignment and without MRI data.

Disability

An EDSS assessment was to be completed every 12 weeks and at unscheduled visits. The EDSS
was to be completed as part of any potential relapse when the treating neurologist determined
that a patient report of new symptoms met the protocol definition of a relapse. All EDSS
assessments were to be completed an “examining neurologist” who was not involved in the
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care of the subjects and was unaware of other clinical results such as adverse event reports and
laboratory results. The ®® score sheet and definitions version 12.05 were used to
determine the total EDSS score.

Study Endpoints

The primary efficacy endpoint was the annualized relapse rate (ARR). This has been a generally
acceptable primary endpoint for approval of treatments for relapsing MS. A reduction in the
ARR may or may not correlate with long term disability. An assessment of the severity of the
relapses may be important since the protocol for Study 301 did not include a required
incremental increase in neurologic deficit to qualify as a relapse. Data to assess the severity of
the relapses included in the primary analysis was collected.

Reviewer Comment: The definition of a relapse only required that there be a new “objective”
neurologic deficit. The increase in EDSS score as assessed by the examining neurologist should
give some indication of the severity of the relapses at onset.

The key secondary endpoints in their order in the statistical sequential hierarchy were:
1. The number of new or newly-enlarging T2 hyper-intense lesions on MRI over 96 weeks
2. The proportion of subject with progression of disability as defined in the protocol and
sustained for 12 weeks
3. The proportion of subjects who were free of any relapse
4. The proportion of subjects with a 7.5 point worsening from baseline in the Multiple
Sclerosis Impact Scale physical score at 96 weeks.

Assessment of safety including adverse events, vital signs, laboratory studies and the
assessment of suicidality were included and will be addressed in detail by the safety reviewer.

Statistical Analysis Plan

The study was conducted under an SPA agreement (Initial agreement 30 October2011; Final
SAP Version: 23May 2014).

Sample Size calculation

The sample size was based on the assumption of an ARR of 0.27 in the IFN B-1a group and a
reduction by 24% in the DAC HYP group over an average of 2.4 years of follow-up. A drop-out
rate of 21% was assumed for the two year study. Approximately 900 subjects per treatment
arm would yield 90% power to detect the projected treatment effect. The assumptions are
based on the use of a negative binomial regression model with a 5% type one error rate.

Reviewer Comment: In the trial the actual adjusted ARR in the Avonex group was 0.393.
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There was no interim analysis.
Subjects were randomized 1:1 stratified by site using permuted blocks (CSR section 9.4.3).

The primary endpoint, the annualized relapse rate, was to be determined for a modified the
intent to treat population, defined as all randomized subjects who received at least one dose of
any study medication. The primary endpoint analysis was to include only protocol-defined
relapses up to the end of treatment period visit that had been confirmed by the INEC. Relapses
that occurred after the start of an alternative treatment for MS were excluded and such a
subject’s time on study was censored at the day of start of the alternative treatment. A relapse
with an onset that occurred <29 days after another INEC-confirmed relapse was to be
considered the same relapse. The primary method of calculating the ARR used a negative
binomial regression model. The model was adjusted for baseline relapse rate (the number of
relapses in the three years prior to study entry divided by 3), history of prior interferon
treatment (a stratification factor), baseline EDSS (2.5 or less versus more than 2.5) and age 35
or less versus more than 35.

The “unadjusted relapse rate” rate was to be calculated as the total number of relapses in the
treatment group divided by the number of days in the study at the End of Treatment Period
Visit or at the time of censoring for the group. This ratio is multiplied by 365.25. For those who
completed the study the End of Treatment Period Visit was the Last Scheduled Treatment
Period Visit. For those who discontinued treatment prematurely, the End of Treatment Period
Visit was either the Last Scheduled Treatment Period visit or the date of last follow-up visit that
occurred prior to 180 days after the last dose of study medication.

Reviewer Comment: A “tertiary endpoint” was the annualized relapse rate for severe or serious
relapses (SAP Section 6.4.1.3). This calculation was performed for all “severe or serious relapses”
regardless of whether INEC-confirmed. A serious relapse and a severe relapse were not defined
in the SAP, protocol or clinical study report. In response to an information request the sponsor
indicated (submission e0015) that a “serious” relapse was one that was reported as a serious
adverse event. A “severe” relapse was one whose intensity was rated as severe.

The primary and secondary endpoints were to be tested at the 0.05 significance level with a
closed testing procedure for the secondary endpoints in the order specified, i.e. 1) The number
of new or newly enlarging T2 hyper-intense lesions on MRI over 96 weeks 2) The proportion of
subject with progression of disability as defined in the protocol sustained for 12 weeks 3) The
proportion of subjects who were free of any relapse 4) The proportion of subjects with a 27.5
point worsening from baseline in the Multiple Sclerosis Impact Scale physical score at 96 weeks.

Progression of disability was defined as an increase on the EDSS of 1 point or more for subjects
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with a baseline EDSS of 1 or more or an increase of 1.5 points or more for those with a baseline
EDSS of 0. Confirmation of the increase was required at a visit that occurred 74 days (minimum
window for 12 weeks) or more later. The onset of a period of progression could occur at a
relapse but confirmation could not occur at a visit at which a relapse was occurring. If the first
qualifying confirmation visit occurred during a relapse then the confirmation could occur at the
next qualifying visit. For subjects with a missing baseline EDSS score, the EDSS score at
screening was to be used. EDSS scores from study 205MS303 up to week 12 or from the
planned follow-up visits for those who did not enroll in the extension study could be used for
confirmation. Confirmation could occur after the start of alternative MS treatment. The start of
the progression would be the date of the EDSS score at the start of the progression period.
Subjects who did not meet the criteria for progression of disability were to be censored at the
last EDSS assessment collected on treatment or prior to the End of Treatment Period visit or
prior to the start of alternative MS treatment. The calculation of the time to onset of confirmed
disability progression used the Kaplan Meier model. Calculation of the proportion of subjects
who met the criteria used the Cox proportional hazards model adjusted for baseline EDSS, prior
use of interferon B and baseline age group. The following sensitivity analyses were planned:

» For those who have a tentative progression but then drop out of the study, multiple
imputation approach would be used that will be based on a model for that treatment
group.

» Progression not counted if the tentative progression occurred during a relapse

» Assume that all tentative progressions without a confirmatory EDSS >74 days after the
tentative progression are confirmed.

Reviewer Comment: The sponsor’s calculation of this endpoint included progressions that
started on or prior to the End of Treatment Visit. Those who did not meet the criteria for
progression of disability were censored at the last EDSS assessment prior to the End of
Treatment visit. If this endpoint was limited to onset of disability at or prior to the Week 96 visit
the result would have been approximately the same.

Proportion of subjects who were relapse-free

The calculation of the proportion of subjects who are relapse free is based on the inverse of the
cumulative probability of a relapse from the Kaplan-Meier calculation of time to first relapse.

All efficacy endpoint analyses were to include as covariates the baseline covariates and the
stratification variable, i.e. prior interferon use.

Once the last enrolled subject completed the week 96 visit, all ongoing subjects were to
complete an End of Treatment Period visit. Thus it was anticipated that the actual duration of
treatment for all participating subjects would vary from a minimum of 18 months to a
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maximum of 140 weeks.

Study completion was defined as having continued into study 205MS303 or at least 180 days of
follow-up after the Last Dosing Date.

The reasons for premature withdrawal or discontinuation from the study and/or study
treatment were reclassified prior to database lock based on a review of additional textual
information provided in the CRF. The new classifications were to include: MS/Lack of Efficacy,
Non-compliance, Site closure, other and consent withdrawn.

Time on treatment was based on the number of days from the first dosing data to the Last
Dosing Date. The time of exposure to study treatment was calculated from the date of the first
dose of active drug or placebo to 180 days after the Last Dosing Date.

Pre-specified subgroup analyses included analyses by baseline EDSS score, number of relapses
prior to randomization, prior treatment with interferon, prior immunomodulatory treatment
and by region.

Study Committees

An advisory committee consisting of Biogen Idec employees and independent investigators
provided scientific direction and oversight of study conduct, provided assessment of subject
eligibility when and if there was a question, and monitored recruitment. A recognized expert in
multiple sclerosis, ®®@ \vas the Advisory Committee chairperson.

A Data and Safety Monitoring Committee (DSMB) provided safety monitoring for the trial.
Members of the DSMB were not allowed to participate as investigators in the study. A non-
voting independent statistician was unblinded to the subjects’ treatment assignments and
prepared reports for the closed sessions. These reports included partially unblinded data, i.e.,
data summarized by group but not labeled as to the actual group. The Sponsor did not have
access to the closed reports. At each scheduled meeting, after reviewing the data, the DSMB
made a recommendation to continue, stop, or modify the study based on any safety findings.
Because the DSMB did receive reports of relapses when they were reported as adverse events,
members could become aware of a difference in risk vs. benefit between the two arms of the
trial. Open but not closed sessions included sponsor representatives.

An Independent Neurology Evaluation Committee (INEC) made the determination as to
whether a subject had experienced an MS relapse as defined by the protocol. The INEC included
5 members, all of whom were neurologists with expertise in MS. INEC members were not
permitted to be investigators in the trial. At any one time, there were 3 voting INEC members.
Members were assigned on a rotating basis so that different combinations of members
participated at a given time.
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MRI scans were assessed by a group of approximately 26 readers at ®® an independent
vendor. A detailed charter of procedures has been provided in Appendix 16-1-10. In general the
interrater variability was low with the exception of the results for gadolinium-enhancing lesion
volume where the mean Normalized Total absolute difference (NTAD), which was a comparison
of the reader variability to that of a group of “experts”, was 13%. Intra-rater variability was low
for all assessments.

EDSS scale training and certification was required of all investigators within the 12 months prior
to the study start date. Training and Certification were provided N

Protocol Amendments

The original version of the protocol was final on 9 November, 2009

Version 2, 27 May 2011 included the following key revisions:

e Increased monitoring of liver function tests and the addition of revised criteria for
discontinuation of subjects for LFT abnormalities

e (Criteria for withholding a dose for persistent fever or infection

e Additional guidance to investigators on the evaluation and management of cutaneous
events including suspension of dosing

e Increase in sample size from 750 to 900 per treatment arm (Based on new literature
reports the expected ARR in the placebo arm was revised from 0.30 to 0.27).

Version 3, 10 March 2012 was revised as follows:
e Prohibit concomitant treatment with hepatotoxic drugs

e Provide the results of monthly liver function studies to treating neurologist prior to
administration of study treatment

Version 4, 29 April 2013 included the following revisions
e The ranking of the secondary endpoint sequential hierarchy was changed. The number
of new or newly enlarging T2 hyperintensities remained first, the proportion of subjects
with sustained disability progression was moved to the second endpoint, the proportion
relapse free became the third and the proportion with a 2 7.5 point worsening from
baseline on the MSIS-29 physical score at 96 weeks was added as the fourth. The change
in the Multiple Sclerosis Functional Composite score was removed (had been second)

and the change in the Multiple Sclerosis Impact Scale-29 physical score was removed
(had been third)
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Reviewer Comment: At the time of the above amendment all 1841 subjects had been enrolled
and 1522 subjects were still participating in the trial (see response to request for additional
information in e0058)

Data Quality and Integrity: Sponsor’s Assurance

Site initiation visits were to be conducted prior to screening any patients. Initiation visits
included protocol training. A Contract Research Organization (CRO) was responsible for site
initiation visits, monitoring for data integrity and management of SAE reporting to the sponsor.
An IVRS system was used for randomization. Study data was captured using an electronic CRF.
The charter for the DSMB is included in the Statistical Analysis Plan document.

6.1.2. Study Results
Compliance with Good Clinical Practices

The sponsor has provided attestations in the final Clinical Study Report (CSR) that the study was
conducted in accordance with 21CFR Parts 50, 54, 56 and 312 Subpart D. The study was also
conducted in accordance with European Union (EU) Guidelines 2001/20 and Good Clinical
Practice guideline 2005/28 as well as International Conference on Harmonization E6.
Investigators obtained approval of the protocol and amendments from Institutional Review
Boards (IRB) or Ethics committees (EC) in the EU and United States (US). A listing of the IRBs and
ECs is provided in a CSR appendix. The sponsor asserts that the study was in compliance with
the ethical principles in the Declaration of Helsinki. Written informed consent was required and
a sample of the Informed Consent Form (ICF) is provided. A listing of all investigators and their
qualifications is provided in a CSR Appendix. The meetings conducted for the training of
investigators is documented in the CSR. In response to a request for additional information the
materials used to training investigators was provided by the sponsor (submission e0003). The
results of audits of selected sites for evidence that the above assertions are true are included in
4.1

Financial Disclosure

Both AbbVie and Biogen Idec were involved in the studies covered by this application and
therefore both signed one Financial Certification Form 3454 and one Financial Disclosure Form
5455 for each of the 8 covered studies. Each sponsor provided a list of investigators with no or
missing financial interest and no or missing information regarding payments from the sponsor
in these studies. For Study 201 there were 87 investigators at 28 sites whose information was
missing. For Study 301 there were only 14 investigators at 12 sites with missing financial
information.
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For Study 201, significant payments of other sorts (SPOOS) totaling $1,360,075 were made to
15 investigators at 14 sites. The total number of subjects randomized by these sites was 57 out
the total of 621. The ®® site on the list @

received 125,555 in payments. There appears to be no relationship between
the payments and the number of patients randomized.

For Study 301 total payments of $3,317,272 were made to 95 investigators at 73 sites. These
sites randomized a total of only 46 patients. The ®® site on this list, N

received $173,880 in payments. There appears to be
no relationship between the payments and the number of patients randomized.

Both sponsors have submitted a Financial Disclosure Memo indicating that any bias due to the
financial payments was minimized by the central randomization method used in these studies,
by the double blind, double dummy design and by the use of blinded assessors for the key
endpoints. An independent and blinded independent committee was used to adjudicate the
primary endpoint events. An independent and blinded vendor provided all of the imaging
assessments.

Patient Disposition

Informed consent was obtained from 1841 patients at the screening visit. All 1841 subjects who
signed informed consent were randomized and received at least one dose of study medication.
The intent to treat population is composed of these 1841 subjects.

First subject dosed: 11 May 2010

Last Patient Last Treatment Visit: 5 March 2014 (last date for collection of relapses)
Last Follow-up Visit: 28 July 2014

Database lock: 16 September 2014

Patients were randomized at 245 sites in 28 countries, 922 subjects to treatment with Avonex
and 919 to treatment with DAC HYP. There were 57 sites in Region 1 which randomized 236
subjects (12.8%), 75 sites in Region 2 which randomized 417 subjects (22.7%) and 113 sites in
Region 3 which randomized 1188 subject (64.5%)>.

3 Region 1: United States, Canada.
Region 2: Australia, Denmark, Finland, France, Germany, Greece, Ireland, Israel, Italy, Spain, Sweden, Switzerland,
United Kingdom.
Region 3: Argentina, Brazil, Czech Republic, Georgia, Hungary, India, Mexico, Republic of Moldova, Poland,
Romania, Russian Federation, Serbia, Ukraine.
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Table 4: Reviewer Table: Number randomized by region and treatment

group
: . 150 mg DAC HYP | 30 ug Avonex and :
LRI L and Avonex placebo | DAC HYP placebo shonn
Region 1 118 (12.84%) 118 (12.80%) 236 (12.82%)
Region 2 210 (22.85%) 207 (22.45%) 417 (22.65%)
Region 3 591 (64.31%) 597 (64.75%) 1188 (64.53%)
Total Subjects 919 (100.00%) 922 (100.00%) 1841 (100.00%)

Source: Geographic region 3 by ARM Study301.xls from ADSIT301.jmp

Reviewer Comment: For Study 301 subjects from the United States and Canada represented just
over 10% of the study population. None of the 621 subjects randomized in Study 201 were from
the United States or Canada.

Treatment completion

Twelve hundred and ninety-seven (1297, 70.5%) subjects were reported as having completed
assigned treatment, i.e. completed treatment to the Last Scheduled Treatment Visit (SAP
section 6.3.2) which could have been from 96 to 140 weeks after the start of treatment. There
were 653 in the DAC HYP group (71.1%) and 644 (69.8%) in the Avonex group who completed
the blinded treatment period. This is supported by an analysis of the number of weeks on

treatment in period one by completion status in Figure 5 below.

Table 5: Reviewer Table: Number of weeks on treatment for subjects who did or did not
complete the double blind treatment period, ITT.

—— Total Weeks on Treatment
treatment
Number Mean Std Dev Min Max
Completer N Y N Y N Y N Y N Y
150 mg DAC HYP 919 266 653 56.1 120.7 348 172 0.1 88.3 1363 | 1453
30 ug Avonex 922 278 644 471 1236 352 175 0.1 921 1400 | 1461
Source: Study 301ADSL TRO1WKS By (TRTO1P and CMPTO1FL).xlIsx
The completion rate did vary somewhat by region as seen in Table 6 below. The rates were
balanced in each region by treatment assignment.
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Table 6: Reviewer table: the proportion of subjects who completed treatment by

region, ITT.

pawed | Coomid |y v
Region 1 55 (46.6%) 63 (53.4%) 118 (100.0%)
150 mg DAC HYP Region 2 73 (34.8%) 137 (65.2%) 210 (100.0%)
Region 3 138 (23.4%) 453 (76.6%) 591 (100.0%)
Region 1 52 (44.1%) 66 (55.9%) 118 (100.0%)
30 ug Avonex Region 2 74 (35.7%) 133 (64.3%) 207 (100.0%)
Region 3 152 (25.5%) 445 (74.5%) 597 (100.0%)
Total subjects 544 (29 5%) 1297 (70.5%) 1841 (100.0%)

Source: JReview CrossTab 205MSADSL: Trt compl flag by TRTO1P and RGN row percent.xls

The most common reason for premature discontinuation of treatment was an adverse event
(Table 7). This was slightly more common in the DAC HYP group (142 subjects; 15.5%)
compared to the Avonex group (12.1%; 112 subjects). Withdrawal of consent was more
common in the Avonex group (11.1%; 102 subjects) compared to the DAC HYP group (6.5%; 60
subjects). The remainder of the reasons for discontinuation of treatment did not differ by
treatment group.

Table 7: Reviewer table: Standardized disposition term at End of Treatment
Visit by treatment group

Standardized Disposition Term | 150 mg DAC HYP 30 ug Avonex All Subjects
COMPLETED 653 (71.1%) 644 (69.8%) 1297 (70.5%)
ADVERSE EVENT 142 (15.5%) 112 (12.1%) 254 (13.8%)
CONSENT WITHDRAWN 60 (6.5%) 102 (11.1%) 162 (8.8%)
OTHER 42 (4.6%) 29 (3.1%) 71 (3.9%)
INVESTIGATOR DECISION 11 (1.2%) 17 (1.8%) 28 (1.5%)
LOST TO FOLLOW-UP 8 (0.9%) 8 (0.9%) 16 (0.9%)
DEATH 0 (0.0%) 3(0.3%) 3 (0.2%)
TOTAL 919 (100.1%) 922 (99.9%) 1841 (100.0%)

Source: JReview CrossTab DSDECOD by Planned TRT group filter DSCAT_DispEv DSSCAT_EOT.xIs

When examined by region, the primary reason for premature discontinuation of treatment
remained an adverse event followed by withdrawal of consent (Table 8). No single reason for
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treatment discontinuation accounts for the higher proportion of non-completers in Region 1°.
The increased number of discontinuations due to an adverse event in the DAC HYP group in
Regions 2 and 3 is not apparent in Region 1. The increased number of treatment
discontinuations due to withdrawal of consent seen in Regions 2 and 3 is not apparent in
Region 1.

4 Region 1: United States, Canada.

Region 2: Australia, Denmark, Finland, France, Germany, Greece, Ireland, Israel, Italy, Spain, Sweden, Switzerland,
United Kingdom.

Region 3: Argentina, Brazil, Czech Republic, Georgia, Hungary, India, Mexico, Republic of Moldova, Poland,
Romania, Russian Federation, Serbia, Ukraine.
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Table 8: Reviewer Table. Reason for discontinuation from treatment by Region and Planned treatment as reported by
investigator

Region 1 Region 2 Region 3
150 mg DAC 150 mg DAC
DSDECOD HYP 30 ug Avonex 150 mg DAC HYP | 30 ug Avonex HYP 30 ug Avonex
Total

N % N % N % N % N % N %
COMPLETED 1297 63 53.4% 66 55.9% 137 65.2% 133 | 643% | 453 | 76.6% 445 74.5%
ADVERSE EVENT 254 22 18.6% 21 17 8% 48 22 9% 36 174% | 72 12.2% 55 92%
CONSENT WITHDRAWN 162 14 11.9% 15 12.7% 10 4.8% 21 101% | 36 6.1% 66 11.1%
DEATH 3 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 3 0.5%
DISEASE PROGRESSION, AS o 0 0 o 0 0
DEFINED BY THE PROTOCOL 10 2 1.7% 3 2.5% 1 0.5% 2 1.0% 0 0.0% 2 0.3%
INVESTIGATOR DECISION 28 5 4.2% 4 34% 4 1.9% 8 39% 2 0.3% 5 0.8%
LOST TO FOLLOW-UP 16 3 25% 5 4.2% 1 0.5% 0 0.0% 4 0.7% 3 0.5%
OTHER 71 9 7.6% 4 34% 9 4.3% 7 34% 24 41% 18 3.0%
TOTAL 1841 118 100.0% | 118 100.0% | 210 100.0% 207 | 100.0% | 591 | 100.0% | 597 | 100.0%

Source: DSSCAT=EOT Subset of DSCAT= Disp Event Subset of Join Study 301 DS with ADSL (2) By (DSDECOD).xlIsx and DSSCAT=EOT Subset of DSCAT= Disp Event Subset of
Join Study 301 DS with ADSL (2) By (DSDECOD).jmp

Reviewer Comment: The overall proportion of subjects who completed the treatment is reasonable considering that completion was
defined as having completed at least 96 weeks of treatment. However there appears to be a significant difference in the completion
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rate by region. The rate is just over 50% in Region 1 (the US and Canada) compared to 75% for Region 3. The rates are balanced by
treatment arm. The reasons for premature discontinuation of treatment are also balanced between the two treatment groups. The
differences in the completion rate and reasons for discontinuation are not likely to have had an effect on outcome measures. The
sponsor reports that the reduction in ARR was not statistically significant in Region 1 although the point estimate favors DAC HYP
(Study 301 CSR Table 149, page 864/3937). See the review by Dr. Ling for the interaction of site or region on the key efficacy analyses.
These differences could indicate differences in treatment patterns outside the US and do to some extent raise a question as to
whether the results of the study can be extrapolated to the population of patients with MS in the US.

Reclassification of reasons for discontinuation from treatment

The reasons for discontinuation from the study were initially reported and were listed above as they were recorded by the
investigator on the case report forms.

The sponsor reclassified the reasons for study discontinuation prior to unblinding as described in Statistical Analysis Plan (Section
6.3.2). As part of the reclassification, discontinuations due to an adverse event with the term “Multiple Sclerosis Relapse” and which
led to discontinuation of treatment were mapped programmatically to the Lack of Efficacy category. Discontinuations of treatment
due to “disease progression, as defined by the protocol” were also reclassified as “Lack of Efficacy”. Discontinuations due to personal
or logistical reasons were reclassified as “Consent Withdrawn”. Other reclassifications were based on a review of the text recorded
by the investigator in the CRF and submitted in the SUPPDS domain.

Table 9: Reviewer Table: Reclassified reasons for discontinuation of Treatment

Disposition Catedo Randomized 150 mg DAC HYP 30 ug Avonex
po =9on N, (%) N, (%) N, (%)
COMPLETED 1297 (70.5%) 653 (71.1%) 644 (69.8%)
ADVERSE EVENT 213 (11.6%) 130 (14.1%) 83 (9.0%)
CONSENT WITHDRAWN 127 (6.9%) 49 (5.3%) 78 (8.5%)
LACK OF EFFICACY 99 (5.4%) 31 (3.4%) 68 (7.4%)
PERSONAL / LOGISTICAL 32 (1.7%) 19 (2.1%) 13 (1.4%)
CDER Clinical Review Template 2015 Edition 45

Version date: June 25, 2015

Reference ID: 3899808



Clinical Review

Lawrence Rodichok MD

BLA 761029

Zinbryta/Daclizumab High Yield Process/DAC HYP

Disposition Catedo Randomized 150 mg DAC HYP 30 ug Avonex
pe egon N, (%) N, (%) N, (%)
OTHER - PREGNANCY 19 (1.0%) 12 (1.3%) 7 (0.8%)
OTHER - NONCOMPLIANCE 18 (1.0%) 10 (1.1%) 8 (0.9%)
LOST TO FOLLOW-UP 15 (0.8%) 5(0.5%) 10 (1.1%)
INVESTIGATOR DECISION 10 (0.5%) 5(0.5%) 5 (0.5%)
OTHER - SITE CLOSURE 8 (0.4%) 5(0.5%) 3 (0.3%)
DEATH 3 (0.2%) 0 (0.0%) 3 (0.3%)
TOTAL 1841 919 922

Source: DSSCAT=EOT Subset of DSCAT= Disp Event Subset of Join Study 301 DS with ADSL (2) By (TRTO1RE2).xIsx

Following reclassification discontinuation was due to an adverse event in 130 subjects (14%) in the DAC HYP group and to 83 (9%) in
the Avonex group, i.e. about twice as common in the DAC HYP group. The new category of “Lack of Efficacy” includes 31 subjects
(3%) treated with DAC HYP vs. 68 (7%) treated with Avonex. Since a relapse resulting in discontinuation of treatment is now included
in “Lack of Efficacy” and since relapses were more frequent in the Avonex group, “Lack of Efficacy” is now more frequent in the
Avonex group.

Reviewer Comment: In the AE dataset there are 282 AEs in 282 subjects that had an action taken of “drug withdrawn”. 40 had an
AEDECOD of “Multiple sclerosis relapse”. There were 12 discontinuations due to an adverse event (DAE) of MS relapse in the DAC HYP
group and 28 in the Avonex group.

When the reclassified reasons for discontinuation of treatment are examined by region, there is still no single reason that accounts
for the overall high rate of discontinuation in region 1. The increased frequency of discontinuation of treatment in subjects treated
with DAC HYP is apparent in all regions but still most prominent in Regions 2 and 3. Lack of efficacy is more frequent in subjects
treated with Avonex for all regions although this reason for discontinuation of treatment is much less frequent in Region 3 compared
to the other 2 regions.
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Table 10: Reviewer Table: Reclassified reasons for discontinuation of treatment, by region.

Region 1 Region 2 Region 3
Randomized 150 mg 30 ug 150 mg DAC 30 ug 150 mg DAC 30 ug
(n) DAC HYP Avonex HYP (n) Avonex (n) HYP (n) Avonex (n)
N, % of N, % of N, % of N, % of N, % of N, % of
Disposition randomized | randomized | randomized | randomized | randomized | randomized
Recategory in Region in Region in Region in Region in Region in Region
COMPLETED 1297 (705%) | 63(534%) | 66(55.9%) | 137 (652%) | 133 (64.3%) | 453 (766%) | 445 (74.5%)
ADVERSE EVENT | 213(116%) | 22(186%) | 15(12.7%) | 41(19.5%) 20 (9.7%) 67 (11.3%) 48 (8.0%)
SV?TNHSDE;‘;WN 127(69% | 9(7.6%) 10 (8.5%) 13(62%) | 1992% | 27(46%) | 49(82%)
LACK OF
EFFICACY 99 (5.4%) 7 (5.9%) 15 (12.7%) 12 (5.7%) 29 (14.0%) 12 (2.0%) 24 (4.0%)
PERSONAL /
LOGISTICAL 32 (1.7%) 9 (7.6%) 5 (4.2%) 0 (0.0%) 0 (0.0%) 10 (1.7%) 8 (1.3%)
g;:g: . 19(1.0% | 3(25%) 1(0.8%) 3 (1.4%) 2 (1.0%) 6 (1.0%) 4(0.7%)
OTHER - 18 (1.0%) 1(0.8%) 0 (0.0%) 3 (1.4%) 1(0.5%) 6 (1.0%) 7 (1.2%)
NONCOMPLIANCE e : : a7 270 : :
LOSTTO
FOLLOW-UP 15 (0.8%) 1(0.8%) 6 (5.1%) 1(0.5%) 1(0.5%) 3(0.5%) 3(0.5%)
g‘g’;g%ﬁ”o" 10(05% | 3(25%) 0(0.0%) 0 (0.0%) 2 (1.0%) 2 (0.3%) 3 (0.5%)
OTHER - SITE
CLOSURE 8 (0.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 5 (0.8%) 3(0.5%)
DEATH 3(0.2%) 0 (0.0%) 0 (0.0%) 0(0.0% 0 (0.0%) 0 (0.0%) 3(0.5%)
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Region 1 Region 2 Region 3
Randomized 150 mg 30 ug 150 mg DAC 30 ug 150 mg DAC 30 ug
(n) DAC HYP Avonex HYP (n) Avonex (n) HYP (n) Avonex (n)
N, % of N, % of N, % of N, % of N, % of N, % of
Disposition randomized | randomized | randomized | randomized | randomized | randomized
Recategory in Region in Region in Region in Region in Region in Region
TOTAL 1841 118 o 0 0 0 0
(100.0%) (100.0%) 118 (100.0%) | 210 (100.0%) | 207 (100.0%) | 591 (100.0%) | 597 (100.0%)

Source: DSSCAT=EOT Subset of DSCAT= Disp Event Subset of Join Study 301 DS with ADSL (2) By (TRTO1RE2 - Trt Disposition Recategory in
Period 01).jmp and DSSCAT=EOT Subset of DSCAT= Disp Event Subset of Join Study 301 DS with ADSL (2) By (TRTO1RE2).xIsx

Since subjects randomized to Avonex who had been treated previously with any interferon B may have recognized their treatment
assighnment by recognition of the typical injection-related adverse events, the influence of previous treatment with any interferon or
specifically with interferon B 1a on treatment completion rate is assessed in Table 11 and Table 12.

Table 11: Reviewer table: Treatment completion by any previous treatment for MS (except corticosteroids) and planned
treatment, ITT

DAC HYP 150 mg Avonex 30 ug
Total No previous treatment Previous treatment TS Previous treatment
treatment
Treatment Completers Flag N % N % N % N % N %
N 544 29.5% 142 26.3% 124 32.6% 144 26.4% 134 35.6%
Y 1297 70.5% 397 73.7% 256 67.4% 402 73.6% 242 64.4%
Total 1841 100.0% 539 100.0% 380 100.0% 546 100.0% 376 100.0%

Source: Join Study 301 ADSL for ARR with ADBASE By (CMPTO1FL - Treatment Completers Flag in Period 01).xlsx
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Table 12: Reviewer table: Treatment completion rate by previous treatment with any
interferon B, ITT

Randomization Study Completers
Stratum IFN beta Fla DAC HYP 150 mg Avonex 30 ug Total Subjects
Usage 9
N N 132 (14.36%) 129 (13.99%) 261 (14.18%)
Y 479 (52.12%) 482 (52.28%) 961 (52.20%)
v N 63 (6.86%) 99 (10.74%) 162 (8.80%)
Y 245 (26.66%) 212 (22.99%) 457 (24.82%)
Subjects 919 (100.00%) 922 (100.00%) 1841 (100.00%)

Source: JRevCTab ITT RandStratINFbeta CompletersFlag by TRTO1P.xls

Reviewer Comment: Despite the potential that subjects previously treated with an interferon
may have been able to recognize that they had been randomized to an interferon in the trial,

this did not appear to have affected their willingness to complete randomized treatment in the
trial.

Study Completion

Those who discontinued treatment but continued in the study agreed to continue assessments
for 6 months following the last dose of investigational treatment. Study completion was
defined in the SAP (Section 6.3.2) as having completed follow-up to 180 days after the Last
Dosing Date. Overall 77% of subjects completed the study, 78.8% of those treated with DAC
HYP and 75.3% of those treated with Avonex (Table 13). The reasons for discontinuation of the
study were also reclassified but there were relatively few changes.

Table 13: Reviewer table: Standardized disposition term at End of Study Visit
by treatment group

150 mg DAC

HYP and Avonex | 30 ug Avonex and
Standardized Disposition Term placebo DAC HYP placebo Subjects
COMPLETED 724 (78.8%) 694 (75.3%) 1418 (77.0%)
CONSENT WITHDRAWN 82 (8.9%) 111 (12.0%) 193 (10.5%)
ADVERSE EVENT 63 (6.9%) 64 (6.9%) 127 (6.9%)
OTHER 27 (2.9%) 24 (2.6%) 51 (2.8%)
LOST TO FOLLOW-UP 11 (1.2%) 11 (1.2%) 22 (1.2%)
INVESTIGATOR DECISION 11 (1.2%) 8 (0.9%) 19 (1.0%)
DISEASE PROGRESSION, AS 1(0.1%) 6 (0.7%) 7 (0.4%)
DEFINED BY THE PROTOCOL
DEATH 0 (0.0%) 4 (0.4%) 4 (0.2%)
Total 919 (100.0%) 922 (100.0%) 1841 (100.0%)

Source: DSDECOD by PInd TRT filter DSCAT_DispEv DSSCAT_EOS.xls (JReview CrossTab)
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Protocol Violations/Deviations

Protocol deviations that may have affected data integrity or patient safety were categorized as
“major” and occurred in 66% of subjects treated with DAC HYP and 65% of those treated with

Avonex.

Table 14: Reviewer Table:

Major protocol deviations by treatment

group.

DAC HYP Avonex :
ls):\t:icaat':zgory for Frofocol 150 mg 30 ug LTS
01-Informed Consent 299 (32.54%) 294 (31.89%) 599 (32.54%)
02-Eligibility 29 (3.16%) 25 (2.71%) 54 (2.93%)
03-Study Tx Administration 148 (16.10%) 144 (15.62%) 292 (15.86%)
04-Prohibited Con Med 52 (5.66%) 44 (4.77%) 96 (5.21%)
05-Key Study Procedure 244 (26.55%) 262 (28.42%) 506 (27.49%)
06-Other 244 (26.55%) 253 (27 44%) 498 (27.05%)
Total Subjects 919 (100.00%) 922 (100.00%) 1841 (100.00%)

Source: JReview crosstab - Subcat of DV DVSCAT from DS by trt01 filter for major or Major.xls

54 subjects had 55 major protocol deviations related to eligibility, 29 in the DAC HYP group and
25 in the Avonex group. 11 subjects in the DAC group and 6 in the Avonex group did not meet
inclusion criterion #5 related to recent disease activity. Only one subject in each group had a
deviation related to inclusion criterion #3, i.e. did not meet the McDonald criteria for a
confirmed diagnosis of MS. One subject in the DAC HYP group and 4 in the Avonex group
entered the trial with a baseline EDSS greater than 5.0. Three subjects in the DAC HYP group
and 4 in the Avonex group had a relapse within 50 days (exclusion 11) or had been treated with
IV or oral corticosteroids or with glatiramer acetate within 30 days (exclusion 24).

292 subjects had 424 major protocol deviations related to study drug administration, 219
deviations in 148 subjects in the DAC HYP group and 205 deviations in 144 subjects in the
Avonex group.

506 subjects had 823 major protocol deviations related to key study procedures, 376 in 244
subjects in the DAC HYP group and 447 in 262 subjects in the Avonex group.

96 subjects had 127 major protocol deviations related to prohibited concomitant medications,
62 protocol deviations in 52 subjects in the DAC HYP group and 65 deviations in 44 subjects in
the Avonex group. The text in the “DVTERM” field contained “steroids” in 9 subjects and
contained the term “relapse” in 27 subjects. — see tables for other steroid or relapse related
terms.
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Serious GCP violations were found at two sites.

Site 235 in Brazil (Region 3) had randomized 11 subjects, 6 to DAC HYP 150 mg and 5 to Avonex
30 pg. This site was terminated due to “significant GCP violations”. All subjects had an early
termination visit. Six patients were randomized to DAC HYP 150 mg and 5 to Avonex 30 pg. One
subject in the DAC HYP arm had 4 relapses and one subject in the Avonex arm had 2 relapses.
One subject in the Avonex arm had a progression of disability.

Site 453 (Italy, Region 2) was also noted to have significant GCP violations but all subjects had
completed study treatment at the time that this was discovered. This site had randomized 40
subjects, 21 to DAC HYP 150 mg and 19 to Avonex 30 pg. 11 subjects in the Avonex arm had 20
relapses and 5 subjects in the DAC HYP arm had 5 relapses.

The sponsor conducted key efficacy analyses excluding subjects from either or both of these
sites. No difference in efficacy results was found.

Reviewer Comment: This reviewer has assessed the influence of the two sites with serious GCP
violations and agrees with the sponsor’s conclusions that these two sites did not affect the study
results. Subjects from these sites are included in the full ITT by both the sponsor and this
reviewer.

In general the types and frequency of protocol deviations are not unexpected in a large trial.
These were balanced between the treatment arms and do not appear to influence the primary
efficacy and safety conclusions of the trial. The sponsor had provided all key analyses including
and excluding the above 2 sites. There was no impact on study results.

Table of Demographic Characteristics

Approximately 90% of the population studied was white. As expected for a population with MS,
slightly less than 70% were female. The mean age of the population was 36 years. Only two
subjects were over 55 years old and only 39 were less than 20 years old.

Table 15: Reviewer table: Demographic characteristics of the ITT Population

Treatment Group Total
Demographic Parameters = HZP e Avonfx 30 ug (N=1841)
(N=919) (N=922) n (%)
n (%) n (%)
Sex
Male 294 (33) 295 (32) 589 (32)
Female 625 (68) 627 (68) 1252 (68)
Age
Mean years (SD) 36.4 (9.4) 36.2 (9.3) 36.3 (9.3)
Median (years) 36 36 36
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Treatment Group Total
Demographic Parameters Lol HZP L Avonfx 30 g (N=1841)
(N=919) (N=922) n (%)
n (%) n (%)
Min, max (years) 18, 56 18, 56 18, 56
Age Group
18-19 14 (1.52) 25(2.71) 39 (2.12)
20-29 236 (25.68) 227 (24.62) 463 (25.15)
30-39 years 322 (35.04) 327 (35.47) 649 (35.25)
40-49 years 250 (27.20) 256 (27.77) 506 (27.49)
50 - 55 years 96 (10.45) 86 (9.33) 182 (9.89)
> 55 years 1(0.11) 1(0.11) 2(0.11)
Race

White 823 (89.55%) 828 (89.80%) 1651 (89.68%)
Black or African American 13 (1.41%) 12 (1.30%) 25 (1.36%)
Asian 27 (2.94%) 28 (3.04%) 55 (2.99%)
l':rant::;can Indian or Alaska 0 (0.00%) 1(0.11%) 1 (0.05%)
Not Reported Due To
Conﬁdzntiality Regulations 29 (3.16%) 25(2.711%) 54 (2.93%)
Other? 27 (2.94%) 28 (3.04%) 55 (2.99%)

T — -
Data on race and/or ethnicity were not collected because of local regulations.

Approximately 65% of subjects were randomized in Region 3 which included sites in Eastern
Europe and South America. Twenty-three percent of the subjects were randomized in Region 2
which included sites in Western Europe. Only 13% of subjects were randomized in the US and
Canada. There were no differences in the basic demographic characteristics such as age and sex

between the three regions.

Table 16: Reviewer Table: Number randomized by region and

treatment group

Geoaraphical Regi 150 mg DAC HYP 30 ug Avonex and Subjects
Grm?pap IcalRegion | and Avonex placebo | DAC HYP placebo

Region 1 118 (12.84%) 118 (12.80%) 236 (12.82%)
Region 2 210 (22.85%) 207 (22.45%) 417 (22.65%)
Region 3 591 (64.31%) 597 (64.75%) 1188 (64.53%)
Total Subjects 919 (100.00%) 922 (100.00%) 1841 (100.00%)

Source: Geographic region 3 by ARM Study301.xls from ADSIT301.jmp

Region 1 = Canada and USA
Region 2 = AUS (AUSTRALIA), ISR (ISRAEL), GERMANY (DEU), DENMARK (DNK),SPAIN ( ESP), FINLAND (FIN), FRANCE (FRA),

GREAT BRITAIN (GBR),GREECE (GRC), IRELAND (IRL),ITALY (ITA), SWEDEN (SWE)

Region 3 = CZECH REPUBLIC (CZE),HUNGARY (HUN), GEORGIA (GEO), MOLDOVA (MDA), POLAND (POL), ROMANIA (ROU),
RUSSIAN FEDERATION (RUS), SERBIA (SRB),UKRAINE (UKR), INDIA (IND), ARGENTINA (ARG), BRAZIL (BRA), MEXICO

(MEX)
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Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

At baseline the clinical aspects of MS were generally typical of relapsing MS and balanced
between the two treatment groups. Nearly 85% of subjects in the trial fulfilled the clinical
criteria for dissemination of attacks in time and space without the need for support from the
MRI scan (McDonald criterion 1). Only about 6% had a diagnosis based on one clinical attack
(criteria 3 and 4).

Table 17: Reviewer Table: Baseline McDonald Criteria

paseline = ria | 199MgDACHYP | 30 ug Avonex Subjects
1 784 (42.59%) 776 (42.15%) 1660 (84 74%)
2 83 (4.51%) 87 (4.73%) 170 (9.23%)
3 31 (1.68%) 31 (1.68%) 62 (3.37%)
4 21 (1.14%) 28 (152%) 49 (2.66%)
Total Subjects 919 (49.92%) 922 (50.08%) 1841 (100.00%)

Source: JRev Baseline McDonald criteria from Baseline and Disease by Planned Treatment
in Period 1 from ADSL and BL McD criteria by Trt01.xls

Both clinical disease activity and lesion activity on MRI scan were well balanced between the
two treatment arms.

Table 18: Reviewer Table: Clinical and MRI characteristics of MS at baseline
by planned treatment in period 1, ITT

Time Since Onset of the Symptoms Years
Planned Treatment Subjects, n mean std.dev. | min max
150 mg DAC HYP 919 6.96 6.27 0 36
30 ug Avonex 922 6.92 6.28 0 45
Time Since Diagnosis Years
150 mg DAC HYP 919 420 497 0 27
30 ug Avonex 922 411 470 0 26
Time since most recent pre-study relapse, mos
150 mg DAC HYP 919 543 341 1 32
30 ug Avonex 922 514 325 0 24
Number of Relapses Within the Past Year
150 mg DAC HYP 919 153 0.72 0 5
30 ug Avonex 922 1.58 075 0 6
Number of Relapses Within the Past 3 Years
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Time Since Onset of the Symptoms Years

Planned Treatment Subjects, n mean std.dev. | min max
150 mg DAC HYP 919 265 1.21 1 15
30 ug Avonex 922 268 1.29 1 14

Gadolinium enhancing lesions at baseline

150 mg DAC HYP 919 1.98 586 0 119
30 ug Avonex 922 2.26 585 0 92
Baseline T1 lesion count
150 mg DAC HYP 919 31.81 3391 0 195
30 ug Avonex 922 33.88 34.47 0 208
Baseline T1 lesion volume
150 mg DAC HYP 919 333551 | 5328.05 0 49139
30 ug Avonex 922 3450.06 | 5383.56 0 48587
Baseline T2 lesion count
150 mg DAC HYP 919 4916 3552 0 221
30 ug Avonex 922 51.82 37.39 1 239
Baseline T2 lesion volume
150 mg DAC HYP 919 9660.71 | 124283 0 128481
30 ug Avonex 922 9946.89 | 11805.8 9 99205

Source: JReview Summary Listing Baseline and Demographic dataset:

BL T1 count by TrtO1.xls

The baseline level of disability did not differ significantly between the two treatment arms. The

mean EDSS score at baseline was approximately 2.5, i.e. the average subject had minimal

disability defined as a grade of 2 on two of the EDSS functional scales (Table 19). The
distribution of EDSS scores was similar for each treatment group (Table 20).

Table 19: Reviewer Table: Baseline EDSS score by treatment group, ITT

ESSTRESN - Numeric Result/Finding in Standard Units)
Planned Treatment for Period 01 ITT,N | Mean [ StdDev Min Max | Median
150 mg DAC HYP 919 248 1.21 0 55 2
30 ug Avonex 922 254 1.25 0 6 25

Source: Join 205SMSADSL with ESBLFL_Y subset of EDSS subset of ESIr incl nonmatch By (TRTO1P).xIsx

Table 20: Reviewer Table: Baseline EDSS by treatment

group, ITT
BE;esh;e = EYQPDAC 30 ug Avonex Total Subjects

0 38 (2.06%) 34 (1.85%) 72 (3.91%)
1 76 (4.13%) 75 (4.07%) 151 (8.20%)

15 169 (9.18%) 189 (10.27%) 358 (19.45%)
2 185 (10.05%) 163 (8.85%) 348 (18.90%)

25 94 (5.11%) 79 (4.29%) 173 (9.40%)
3 97 (5.27%) 91 (4.94%) 188 (10.21%)
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BE‘Besl';e -2 :3PDAC 30 ug Avonex Total Subjects
35 101 (5.49%) 112 (6.08%) 213 (11.57%)
4 75 (4.07%) 82 (4.45%) 157 (8.53%)
45 49 (2.66%) 41 (2.23%) 90 (4.89%)
5 34 (1.85%) 53 (2.88%) 87 (4.73%)
55 1.0.05%) 2 (0.11%) 3(0.16%)
6 0( 0.00%) 1(0.05%) 1(0.05%)
Total
Subjects 919 (49.92%) 922 (50.08%) 1841 (100.00%)

Source: JReview crosstab BL EDSS from Baseline and Disease by Planned
Treatment in Period 1 and BL EDSS by Trt01.xls

Previous treatment for MS

Approximately 50% of the subjects had not been treated for MS previously.

Table 21: Reviewer Table: Proportion of subjects with prior
treatment for MS by Planned Treatment in Period 1, ITT

or Petiod 01 N Y iblects
150 mg DACHYP | 539 (49.68%) 380 (50.26%) 919 (9.32%)
30 ug Avonex 546 (50.32%) 376 (49.74%) 922 (50.08%)
Total Subjects 1085 (100.00%) 56 (100.00%) 1841 (100.00%)

Source: JRev CTab BL Dem dataset Prior Trt Ex| Steroids by TRTO1P.xIs

There does appear to be a difference by region in whether subjects had been treated previously
Table 22. Only 34% of subjects in Region 1 (Canada and the US) were treatment naive
compared to 63% in Regions 2 and 3. Subjects in Regions 2 and 3 were treatment naive at a rate
nearly twice that of Region 1.

Reviewer Comment: The reason for the difference in previous treatment by Region is not clear
but there could have been a greater tendency to enroll treatment naive patients in Region 2 and
3 compared to Region 1. The higher proportion of subjects who may have failed previous
treatment(s) in Region 1 could have played a role in the lower treatment completion rate in
Region 1(Table 6).

In principle the treatment effect size could have been affected by the large difference in the
proportion of treatment naive subject in Region 1 but this is unlikely in this study since Region 1
accounts for only about 13% of the subjects randomized and the proportion of treatment naive
subjects in the other 2 Regions is similar at about 63%. See analysis by Dr. Ling as to whether
key outcome analyses varied significantly by region.
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Table 22: Reviewer table: proportion of subjects with previous treatment for

MS by Region, ITT

Geographical Region N Y Subjects
Region 1 80 (33.90%) 156 (66.10%) 236 (100.00%)
Region 2 261 (62.59%) 156 (37.41%) 417 (100.00%)
Region 3 744 (62.63%) 444 (37 37%) 1188 (100.00%)
Total Subjects 1085 (58.94%) 756 (41.06%) 1841 (100.00%)

Source: JRev CTab BLandDem dataset Prior MS trt ex steroids by Region.xls

Of those who had been treated previously approximately 37% had been treated with an
interferon and 12% with glatiramer acetate. The types of previous treatment were not
significantly different by treatment assignment.

Table 23: Reviewer Table: Previous treatment for MS by treatment group (1% or

more of total subjects), ITT

Standardized Medication Name

150 mg DAC HYP

30 ug Avonex

Subjects

INTERFERON BETA-1A

207 ( 22.5%)

201 (21.8%)

408 ( 22.2%)

INTERFERON BETA-1B 132 (14.4%) 136 ( 14.8%) 268 ( 14.6%)
GLATIRAMER ACETATE 110 (12.0%) 111 (12.0%) 221 (12.0%)
CORTICOSTEROIDS 32 ( 3.5%) 30 ( 3.3%) 62 ( 3.4%)
METHYLPREDNISOLONE 17 ( 1.8%) 16 ( 1.7%) 33 ( 1.8%)
MITOXANTRONE HYDROCHLORIDE 15 ( 1.6%) 15 ( 1.6%) 30 ( 1.6%)
NATALIZUMAB 17 ( 1.8%) 12 ( 1.3%) 29 ( 1.6%)
PLASMAPHERESIS 19 ( 2.1%) 10 ( 1.1%) 29 ( 1.6%)
AZATHIOPRINE 12 ( 1.3%) 8 ( 0.9%) 20 ( 1.1%)
INVESTIGATIONAL DRUG 8 ( 0.9%) 11 ( 1.2%) 19 ( 1.0%)
IMMUNOGLOBULIN G HUMAN 7 ( 0.8%) 12 ( 1.3%) 19 ( 1.0%)
TOTAL SUBJECTS 919 (100.0%) 922 (100.0%) 1841 (100.0%)

Source: JReview Crosstab CMDECOD by Planned treatment in period 1 from ADSL filter CMCAT = MS treatment
history; CMDECOD by PLND TRTO1 filter CMCAT MS Hx.xls.

However there were differences in the type of previous treatment by Region.

Table 24: Reviewer Table: Previous drug treatment for MS by Region, >1% in any group,

ITT
Standardized Medication Name Region 1 Region 2 Region 3 Subjects
INTERFERON BETA-1A 92 (139.0%) 111 (26.6%) 205 ( 17.3%) 408 ( 22.2%)
INTERFERON BETA-1B 35 (14.8%) 38 ( 9.1%) 195 (16.4%) 268 ( 14.6%)
GLATIRAMER ACETATE 88 (37.3%) 48 (11.5%) 85 ( 7.2%) 221 (12.0%)
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Standardized Medication Name Region 1 Region 2 Region 3 Subjects
CORTICOSTEROIDS 7( 3.0%) 6 ( 1.4%) 49 ( 4.1%) 62 ( 3.4%)
METHYLPREDNISOLONE 2( 0.8%) 11 ( 2.6%) 20 ( 1.7%) 33 ( 1.8%)
MITOXANTRONE HYDROCHLORIDE 4( 1.7%) 5( 1.2%) 21 ( 1.8%) 30 ( 1.6%)
PLASMAPHERESIS 0( 0.0%) 1( 0.2%) 28 ( 2.4%) 29 ( 1.6%)
NATALIZUMAB 14 ( 5.9%) 10 ( 2.4%) 5( 0.4%) 29 ( 1.6%)
AZATHIOPRINE 3( 1.3%) 3( 0.7%) 14 ( 1.2%) 20 ( 1.1%)
INVESTIGATIONAL DRUG 2( 0.8%) 2 ( 0.5%) 15 ( 1.3%) 19 ( 1.0%)
IMMUNOGLOBULIN G HUMAN 4( 1.7%) 3( 0.7%) 12 ( 1.0%) 19 ( 1.0%)
DIMETHYL FUMARATE 0( 0.0%) 2( 0.5%) 15 ( 1.3%) 17 ( 0.9%)

Total randomized in the Region 236 (100%) 417 (100%) 1188 (100%) 1841 (100%)

Source: JRev CTab Conmed ADSL datasets CMDECOD by Region 3 filter CMCAT MS Hx.xls

Reviewer Comment: It appears that a significantly higher proportion of subjects in Region 1 had
been treated previously and specifically had more often been treated with interferon 61a and
glatiramer acetate compared to subjects in Region 2 and 3. As seen in Table 10, although the
overall treatment completion rate was lower in Region 1 and 2 compared to Region 3, there was
no difference in the Avonex group compared to DAC HYP. Therefore the difference may again
raise a concern for the overall applicability of the study result to subjects in the US and Canada,
but it is unlikely to have affected the treatment effect attributable to DAC HYP.

Treatment Compliance, Concomitant Medications, and Rescue Medication Use

Treatment Compliance

Compliance was monitored for Avonex dosing by documenting the number of units
dispensed and those returned. Avonex was administered by the subject at home. DAC HYP
was administered in the clinic and documented in the CRF. Table 25 below includes all doses
regardless of whether the dose was not administered completely. Compliance was over 80%
for both treatment groups and did not differ significantly between the DAC HYP or Avonex
treatment groups. Compliance was lowest in Region 1 (Table 26).

Table 25: Reviewer table: Drug compliance* in period one by treatment group, ITT

Planned Treatment Drug Compliance
count subjects Mean % std.dev. Min% Max%
150 mg DAC HYP 919 88.0 252 42 104.2
30 ug Avonex 922 83.0 299 1.0 101.0

Source: JRev SummTab ADSL Drug Compliance by TRTO1P.xls
*: number of injections/number of planned injections

Table 26: Reviewer Table: Drug compliance* in period one by treatment group and region,
ITT
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Planned Treatment Geographical Region Drug Compliance in Period 01

for Period 01 count subjects [ mean | std.dev. min max
Region 1 118 80.8 284 12.5 104.2

150 mg DAC HYP Region 2 210 86 274 42 104.2
Region 3 591 90.1 233 42 104.2
Region 1 118 78.0 32.2 3.1 100

30 ug Avonex Region 2 207 78.7 325 1.0 100
Region 3 597 85.50 28.18 1.0 101

Source: JRev SummTab ADSL Drug Compl by TRTO1P and RGN.xls
*: number of injections/number of planned injections

Reviewer Comment: The overall compliance rate is reasonable for a study with a two year
blinded treatment period. There is no significant difference overall between the two treatment
groups. However compliance did seem to differ by region with the lowest in Region 1 and
highest in region 3. This appears to correspond to the time of exposure and completion rate by
region below.

The number of days from start of treatment to end of treatment in the blinded treatment
phase also did not differ by dosing group. See the Clinical Pharmacology review for actual
pharmacologic exposure.

Table 27: Reviewer Table: Days on treatment in period one by planned treatment in
period one, ITT

Days on Treatment
Planned Treatment count subjects mean std.dev. min max
150 mg DAC HYP 919 7143 2635 1 1017
30 ug Avonex 922 7038 298.7 1 1023

Source: JRev SummTab ADSL DysOnTRTO1 by TRTO1P.xls

The number of days on treatment during the blinded treatment phase differed by region with
the lowest in region one and the highest in region 3. This did not differ by treatment group.

Table 28: Reviewer Table: Days on treatment by planned treatment and by region,

ITT
Geographical Days on Treatment
Planned Treatment | Region ]
count subjects mean std.dev. min max
Region 1 118 657.13 304.36 58 991
150 mg DAC HYP Region 2 210 690.06 276.12 1 997
Region 3 591 734.29 24777 1 1017
Region 1 118 681.17 329.30 21 1014
30 ug Avonex Region 2 207 673.38 313.51 8 1023
Region 3 597 718.80 286.24 1 1011
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Source: JRev SummTable ADSL DaysOnTrtO1 by TRTO1P and RGN.xls

The proportion of subjects who completed treatment to week 96 was similar for the two
treatment groups. For each region this proportion is balanced by treatment group but as for
the overall treatment completion rate, is lowest for Region 3.

Reviewer Comment: The proportion completing treatment to Week 96 is relevant to the key
secondary endpoint, proportion with 12 week confirmed disability progression, since only
progressions that started on or prior to Week 96 were included in the primary analysis and
those without progression were censored at Week 96. The balanced completion rate supports
that this endpoint result was not affected by an imbalance in the proportion that completed
treatment to that point.

Table 29: Reviewer Table: Treatment completion by Planned
Treatment, ITT

Treatment Completers
Planned Treatment N, % randomized
150 mg DAC HYP 653 (71.06%)
30 ug Avonex 644 (69.85%)
Subjects 1297 (70.45%)

Source: JRev CTab ADSL dataset Trt compl FL by TRTO1P.xls

The proportion of subjects who completed treatment to week 96 varied by Region with
the lowest rate in Region 1 (US and Canada) and the highest in Region 3.

Table 30: Reviewer Table: Treatment completion by Planned Treatment and by

Region, ITT

Planned Geographical Treatment Completers Total Subjects
Treatment Region N, % randomized in region N, % randomized in region

Region 1 63 (53.39%) 118 (100.00%)

150 mg DAC HYP Region 2 137 (65.24%) 210 (100.00%)

Region 3 453 (76.65%) 591 (100.00%)

Region 1 66 (55.93%) 118 (100.00%)

30 ug Avonex Region 2 133 (64.25%) 207 (100.00%)

Region 3 445 (74.54%) 597 (100.00%)

Total Subjects 1297 (70.45%) 1841 (100.00%)

Source: JRev CTab ADSL dataset TrtComplFL by TRTO1P and RGN.xIs

Reviewer Comment: The number of days on treatment in the blinded portion of the trial and the
treatment completion rate are reasonable for a trial with a two year treatment period. The
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rates do not differ by treatment group. However there is a difference in these rates by region

with the lowest rates in region 1 and the highest in region 3. The difference is not likely to have

affected the treatment effect attributable to DAC HYP but raises some concern for the

comparability of the populations studied in the 3 regions, particularly Region 1, i.e. the US and

Canada.

Concomitant Medications

In general the most commonly used concomitant medications during the blinded treatment

phase of the trial were anti-inflammatory drugs.

Table 31: Reviewer table: Concomitant medications during the blinded treatment
phase of the trial (overall 5% of subjects or more)

150 mg DAC

Standardized Medication Name HYP 30 ug Avonex | Subjects
PARACETAMOL 705 (77.73%) 703 (77.42%) 1408 (76.48%)
IBUPROFEN 307 (33.85%) 374 (41.19%) 681 (36.99%)
METHYLPREDNISOLONE 163 (17.97%) 211 (23.24%) 374 (20.32%)
METHYLPREDNISOLONE SODIUM SUCCINATE 150 (16.54%) 210 (23.13%) 360 (19.55%)
OMEPRAZOLE 146 (16.10%) 183 (20.15%) 329 (17.87%)
AMOXICILLIN 118 (13.01%) 105 (11.56%) 223 (12.11%)
AMOXI-CLAVULANICO 101 (11.14%) 64 (7.05%) 165 (8.96%)
BACLOFEN 67 (7.39%) 94 (10.35%) 161 (8.75%)
POTASSIUM CHLORIDE 63 (6.95%) 82 (9.03%) 145 (7.88%)
VITAMIN D NOS 74 (8.16%) 66 (7.27%) 140 (7.60%)
AZITHROMYCIN 70 (7.72%) 67 (7.38%) 137 (7.44%)
ACETYLSALICYLIC ACID 62 (6.84%) 54 (5.95%) 116 (6.30%)
NAPROXEN 55 (6.06%) 60 (6.61%) 115 (6.25%)
COUGH AND COLD PREPARATIONS 62 (6.84%) 53 (5.84%) 115 (6.25%)
PANTOPRAZOLE 60 (6.62%) 52 (5.73%) 112 (6.08%)
GABAPENTIN 74 (8.16%) 38 (4.19%) 112 (6.08%)
CIPROFLOXACIN 55 (6.06%) 56 (6.17%) 111 (6.03%)
KETOPROFEN 53 (5.84%) 48 (5.29%) 101 (5.49%)
PHYSIOTHERAPY 50 (5.51%) 51 (5.62%) 101 (5.49%)
ASCORBIC ACID 56 (6.17%) 45 (4.96%) 101 (5.49%)
MULTIVITAMIN 43 (4.74%) 51 (5.62%) 94 (5.11%)

Source: JReview crosstab ADCM CMDECOD by Planned treatment in period 1, CMFL =Y, CMCAT = CONMED; and
CMDECOD ADCM1 by PLND TRTO1 ADCM1 CMFL Y CMCAT CONMED.xIs

The most commonly used medications with an indication related to MS were

predominantly the NSAIDs, corticosteroids and muscle relaxants, most of which were

used more often in the group treated with Avonex.
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Reviewer Comment: Use in the above tables is not limited to use just prior to and after the
weekly treatment administration (Avonex or Avonex placebo). When limited to an indication
related to MS, anti-inflammatory agents and corticosteroids remain the predominant
medications used during the blinded treatment phase.

Table 32: Reviewer table: Per subject use of concomitant medications during the trial with an

indication related to MS. (Most common or of special interest).

Standardized Medication Name 150 mg DAC HYP 30 ug Avonex Subjects
PARACETAMOL 252 (27.78%) 306 (33.70%) 558 (30.31%)
METHYLPREDNISOLONE SODIUM SUCCINATE 130 (14.33%) 190 (20.93%) 320 (17.38%)
METHYLPREDNISOLONE 1 15 (12.68%) 157 (17.29%) 272 (14.77%)
IBUPROFEN 71 (7.83%) 127 (13.99%) 198 (10.76%)
BACLOFEN 29 (3.20%) 44 (4.85%) 73 (3.97%)
TIZANIDINE HYDROCHLORIDE 14 (1.564%) 17 (1.87%) 31 (1.68%)
INTERFERON BETA-1A 14 (1.54%) 10 (1.10%) 24 (1.30%)
NATALIZUMAB 2 (0.22%) 12 (1.32%) 14 (0.76%)
FINGOLIMOD 6 (0.66%) 6 (0.66%) 12 (0.65%)
GLATIRAMER ACETATE 5 (0.55%) 6 (0.66%) 11 (0.60%)
TERIFLUNOMIDE 3 (0.33%) 1(0.11%) 4 (0.22%)
INTERFERON BETA-1B 1(0.11%) 2 (0.22%) 3 (0.16%)
CORTICOTROPIN 0 (0.00%) 2 (0.22%) 2 (0.11%)
PLASMAPHERESIS 1(0.11%) 1(0.11%) 2(0.11%)
RITUXIMAB 1(0.11%) 0 (0.00%) 1(0.05%)
GLATIRAMER 0 (0.00%) 1(0.11%) 1(0.05%)
INTERFERON 0 (0.00%) 1(0.11%) 1(0.05%)
Total Subjects 907 (100.00%) 908 (100.00%) 1841 (100.00%)

Source: JReview crosstab CMCAT CONMED by Planned treatment in period 01 filter for MS related terms containing “MS”,
“Multiple” and “Relapse” and CMDECOD from ADCM1 by PLND TRTO1 filter MS terms.xls in descending order of DAC HYP

column.

Use of NSAIDs

The use of non-steroidal anti-inflammatory drugs during the trial is of interest since these
drugs were important to the efforts to blind subjects and investigators to the treatment
assignment since injection-related “flu-like” symptoms due to Avonex may have had a
tendency to make subjects and/or investigators aware that they were being treated with
Avonex, perhaps especially in those who had been treated with an interferon previously.
Subjects were instructed to use these drugs, typically either paracetamol or ibuprofen, prior
to and for 24 hours after the Avonex/Avonex placebo injection for the first 24 weeks. After
24 weeks their use was at the discretion of the investigator. Thus continued use after 24
weeks could be due to injection-related adverse effects.
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The use of NSAIDs before and after administration of the weekly dose of Avonex or Avonex
placebo is examined in the following two reviewer figures. Compliance with the instruction
to take an NSAID prior to the weekly injection is relatively high for the first 24 weeks

although lower for the group receiving Avonex placebo compared to those receiving Avonex.

After week 24 the number of subjects not taking an NSAID prior to Avonex/Avonex placebo
increases in both treatment groups but is much higher for the Avonex placebo group.

Figure 3: Reviewer Figure: Number of subjects who did not use NSAID prior to injection by
visit.
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The number of subjects who did not comply with the instruction to use an NSAID after the
weekly injection is higher in the Avonex placebo group than it was pre-injection and again
higher in the Avonex placebo group compared to the Avonex group. After week 24 the number
of subjects who did not take an NSAID after treatment increases in both treatment groups but
much more so for the Avonex placebo group.

Figure 4: Reviewer Figure: Number of subjects who did not use NSAID after injection by visit

Exposure status:count subjects
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Filter = EXCAT=NSAID; VisitNum <=260; EXSTAT=NOCT DONE; Planned Time = 24 hours post-injection
Source: JReview Line Chart — EX dataset

Despite the instruction to all subjects to take an NSAID prior to and after each weekly injection
for the first 24 weeks there is a difference in compliance between the two treatment groups
suggesting that the flu-like symptoms following the use of Avonex was noticeable to many study
subjects. When the use of NSAIDs was at the discretion of the investigator, use decreased in
both groups but much more so for the Avonex placebo group. The sponsor was asked to provide
a comparable analysis. The sponsor’s analysis was provided in sequence e0059 and showed
essentially the same results. The sponsor correctly points out that the results indicate that
subjects did recognize the need for or lack of need for the use of NSAIDs. This may or may not
have led to recognition of treatment assignment. A sensitivity analysis of the ARR excluding
subjects with flu-like symptoms did not significantly alter the treatment effect attributable to
DAC HYP (Table 90, Study 301 CSR).

The use of corticosteroids during the blinded treatment phase of the trial
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The use of corticosteroids for any indication during the blinded treatment phase is displayed in
Table 33. The percent use did not change significantly when the analysis was limited to the
period prior to the start of an alternate treatment for MS.

Table 33: Reviewer table: all corticosteroid use during blinded
treatment phase of the trial — all indications, ITT

Steroid Category 1 | 150 mg DAC HYP 30 ug Avonex Subjects
LOCAL 245 (13.31%) 117 ( 6.36%) 362 (19.66%)
SYSTEMIC 349 (18.96%) 430 (23.36%) 779 (42.31%)
Total Subjects 907 (49.27%) 908 (49.32%) 1841 (100.00%)

Source: ITT ADCM1 dataset: STERCAT1 by TRTO1P filter CONMED_Y STERFL_Y.xIs

Corticosteroid use related to treatment of MS

The number subjects treated for an indication related to MS was higher for those being treated
with Avonex (52.9% of subjects) compared to subjects treated with DAC HYP (34.5%). Use
included confirmed and unconfirmed relapses as well as for other neurologic symptoms that
were suggestive of but determined to not represent a relapse. The difference by treatment
group is consistent with a reduction in the number of relapses by DAC HYP.

Table 34: Reviewer Table: Number of subjects treated with systemic corticosteroids
for an indication related to MS, ITT (highest 10 indications)

Indication 150 mg DAC HYP 30 ug Avonex Subjects
N=919 N=922 N=1841
MS RELAPSE 201 ( 10.9%) 296 ( 16.1%) 497 (27.0%)
RELAPSE 30 ( 1.6%) 44 ( 2.4%) 74 ( 4.0%)
MS RELAPS 7( 0.4%) 16 ( 0.9%) 23 ( 1.2%)
MS-RELAPSE 3( 0.2%) 9 ( 0.5%) 12 ( 0.7%)
MULTIPLE SCLEROSIS RELAPSE 4( 0.2%) 7( 0.4%) 11 ( 0.6%)
RELAPS 4( 0.2%) 4( 0.2%) 8 ( 0.4%)
RELAPSE OF MS 5( 0.3%) 2( 0.1%) 7( 0.4%)
SM RELAPSE 3( 0.2%) 3( 0.2%) 6 ( 0.3%)
NON PROTOCOL DEFINED MS RELAPSE 5( 0.3%) 1( 0.1%) 6 ( 0.3%)
MS RELAPSE 2 0( 0.0%) 5( 0.3%) 5( 0.3%)
TOTAL (% of randomized) 317 (34.5%) 488 (52.9%) 806 (43.8%)

Source: JReview CrossTab: ITT ADCM1 CMINDC by TRTO1P filter CMO1FL_Y STERCAT1_SYSTEMIC STERFL_Y.xls tab 2

Corticosteroid use not related to treatment of MS

The use of corticosteroids for reasons not related to MS was lower for both treatment groups

compared to use for MS, but higher in the DAC HYP group both by number of times
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corticosteroids were administered as well as the number of subjects treated. The majority of

the indications were related to what appear to be non-neurologic inflammatory conditions. The

result is consistent with the increased incidence of these types of adverse events in the DAC

HYP group (see Safety Review by Dr. Villalba).

Table 35: Reviewer table: Number of administrations of systemic

corticosteroids during the blinded treatment phase of the trial - not related to

MS or neurologic symptoms (10 or more uses)

N(150 mg N(30 ug

CMINDC - Indication DAC HYP) Avonex) N Rows
TOXIC DERMATITIS 38 0 38
BRONCHITIS 12 5 17
TOXIC DERMATITIT 16 0 16
ELEVATED LIVER ENZYMES 13 0 13
RASH 10 13
URTICARIA 7 13
CHRONIC SINUSITIS 12 0 12
THROMBOCYTOPENIA 12 0 12
DIFFUSE MACULOPAPULAR ERUPTION/RASH 11 0 "
BACTERIAL INFECTION, VIRAL INFECTION,
FUNGAL INFECTION, MULTIORGAN FAILURE, 10 0 10
KAWASAKI SYNDROME
VASCULITIS 10 0 10
TOTAL 454 100 554

Source: STERCAT1_Systemic Subset of STERFL_Y Subset of CMCAT CONMED Subset of ADCM1 Ir By (CMINDC -

Indication).xlsx (tab 3)

Table 36: Reviewer Table: Number of subjects treated with systemic

corticosteroids for an indication not related to MS, ITT (highest 10 indications)

s 150 mg DAC HYP 30 ug Avonex Subjects
Indication
URTICARIA 4 ( 0.2%) 4( 0.2%) 8( 04%)
BRONCHITIS 3( 0.2%) 4( 0.2%) 7( 0.4%)
RASH 2 ( 0.1%) 2( 0.1%) 4( 0.2%)
CONTACT DERMATITIS 3( 0.2%) 1( 0.1%) 4 ( 0.2%)
COUGH 1(0.1%) 2( 0.1%) 3( 0.2%)
SINUSITIS 2 ( 0.1%) 1( 0.1%) 3( 02%)
BACK PAIN 2( 01%) 1( 0.1%) 3( 02%)
PNEUMONIA 2 ( 0.1%) 0( 0.0%) 2( 0.1%)
ACUTE BRONCHITIS 2( 0.1%) 0( 0.0%) 2( 0.1%)
BRONCHOSPASM 1( 0.1%) 1( 0.1%) 2( 0.1%)
TOTAL (% of randomized) 164 (17.8%) 66 (7.2%) 236 (12.88)
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Source: JReview CrossTab: ITT ADCM1 CMINDC by TRTO1P filter CMO1FL_Y STERCAT1_SYSTEMIC
STERFL_Y.xls tab 3

Reviewer Comment: In response to a request for additional information the sponsor reported
that corticosteroids were used for non-MS indications by 32% of subjects in the DAC HYP group
compared to 17% of the Avonex group. Systemic corticosteroids were used for 13% of the DAC
HYP group compared to 6% of the Avonex group. The sponsor attributed the difference to the
known safety profile of DAC HYP (submitted in sequence e0059).

Efficacy Results — Primary Endpoint

The primary endpoint was the annualized relapse rate (ARR) for the Intent to Treat (mITT)
population. The ITT population was defined in the SAP as all randomized subjects who had
received at least one dose of any study medication (i.e. a modified ITT). A relapse was defined
as new or recurrent neurologic symptoms lasting at least 24 hours, not attributable to fever or
infection, that were accompanied by documentation of a new objective neurologic deficit on
examination by the Examining Neurologist. The definition of a relapse did not require a
minimum increment in neurologic deficit. Only relapses confirmed by the Independent
Neurology Evaluation Committee (INEC) were to be included in the primary analysis. New or
recurrent symptoms that started less than 30 days after the onset of a protocol-defined relapse
and relapses that occurred after the start of an alternate MS therapy were excluded from the
analysis. The calculation of ARR is based on the number of days on study as opposed to the
number of days on treatment. The number of days on study was calculated from the first
dosing date to the date of the End of Treatment Period Visit. The End of Treatment Period Visit
was the date of the last scheduled treatment period visit for those who completed or, for those
who discontinued treatment prematurely, the date of last follow-up prior to 180 days after the
last dose if that date was earlier than the end of treatment visit date. The last dose of study
treatment was to occur no later than week 140 and the end of study/end of treatment visit for
those who completed was to be at week 144,

Reviewer Comment: Since the validity of the process of identification of relapses is critical to the
primary outcome measure and may have an influence on other key measures such as the
number of subjects with progression of disability, the process used to identify relapses will be
reviewed in some detail.

Subjects who experienced new symptoms were to contact the treating nurse or neurologist
within 48 hours. A “standardized Suspected Relapse Questionnaire” was to be completed for
each such contact and was to be used to determine whether an Unscheduled Relapse
Assessment Visit was necessary.

The protocol did not specify how the Suspected Relapse Questionnaire would be used or any
specific criteria for determining whether an unscheduled relapse visit was necessary. Section
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14.3.8 of the protocol states that the “Protocol defined interval to the relapse assessment by
the treating neurologist should be no more than 3 days and to the assessment by the examining
neurologist to confirm that there was a new objective deficit and to record the EDSS should be
no more than 5 days.”

Reviewer Comment: The protocol and SAP do not specifically state that relapses that were not
evaluated within the above time frames would be excluded from the analysis.

If the Examining Neurologist confirmed that there was a new objective neurologic deficit then
the necessary information was to be sent to the INEC for adjudication. Some of the criteria that
had been used to make the determination were recorded on the Suspected Relapse
Questionnaire. The subject could be treated with corticosteroids once the Examining
Neurologist evaluation was complete.

Based on an initial review of the relapse data it appeared that the information regarding a
possible relapse was only collected when a subject was actually seen for a relapse evaluation by
the neurologist, i.e. a decision to not evaluate a patient report of a potential relapse was not
documented. The protocol and Operations Manual (provided in response to a request for
additional information on 19March 2015) also suggest that a subject report of a potential
relapse was only to be documented when the investigator had determined that a relapse may
have occurred.

The following request for additional information in the “No Filing Review Issues Identified”
letter to the sponsor was sent on 5/13/15.

3. Section 14.3.8 of the protocol (Unscheduled Relapse Assessment Visit(s)) states that
“subjects who experience new neurological symptoms must contact the Treating Nurse or
Treating Neurologist as soon as possible and within no more than 48 hours of the onset of
symptoms. A standardized Suspected Relapse Questionnaire will be completed to
determine the necessity of an Unscheduled Relapse Assessment Visit.” We located a
“Suspected MS Relapse Questionnaire — INEC Alert” form in the site operations manual.
However, the instructions for this form state that it “should only be completed if the
suspected MS relapse case is sent to INEC for review”. Please indicate whether this
guestionnaire is the standardized questionnaire used to document all subject reports of
possible relapses including those that did not require an unscheduled relapse visit. If not,
then indicate where we can find all subject reports of a potential relapse in the CRFs and
datasets you submitted.

In response to the above Additional Information Request regarding the Suspected MS Relapse
Questionnaire, the sponsor indicated that “the analysis of “subject reported relapses” was not
based on the “Suspected MS relapse questionnaire-INEC alert” but rather on subject-reported
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relapses that resulted in an unscheduled relapse assessment visit”. That is, the data from the
form was entered in the CRF only if an unscheduled relapse visit was conducted. This is
consistent with Table 37 below which shows that the number of subject contacts recorded was
no more than the number of evaluations. If an unscheduled relapse visit was not deemed
necessary then the form may have been retained in the site record. Some new neurologic
symptoms that were not considered related to a relapse may have been reported as adverse
events. In response to a request for additional information the sponsor (submission e0045)
provided the original Suspected MS Relapse Questionnaires for selected sites. In general these
confirmed that data were not collected for subject reports of new neurologic symptoms that
were not considered a “possible MS relapse” by the investigator.
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The results of 1291 questionnaires for 745 subjects and 1291 relapse assessments are provided in the Study 301 RL database. In the
same database a determination of whether the subject had a relapse was made by the treating investigator 1304 times for 743
subjects. (There were 17 instances of a relapse assessment without questionnaire results, 10 from the DAC HYP group and 7 from
the Avonex group.) This is consistent with the 1304 unscheduled relapse visits.

The treating neurologist determined that 102 subjects had not had a relapse (of 1304 events), 1201 had a relapse and one result was
missing. The most common reasons that may have led to the decision that a relapse had not occurred were evidence of severe
stress and symptoms of an infection (Table 37).

Table 37: Reviewer Table: Results of the assessments included in the Suspected Relapse Questionnaire, all relapses, ITT

Result (in standard units)
il N Rows Missing No Yes
N % N % N %
ANY FEVERS? 1291 2 0.2% 1272 98.5% 17 1.3%
ANY SYMPTOMS OF INFECTION? 1291 2 0.2% 1252 97.0% 37 2.9%
ANY SYMPTOMS OF SEVERE STRESS? 1291 2 0.2% 1243 96.3% 46 3.6%
EXPERIENCED NEW OR RECURRENT NEURO SYMP? 1291 1 0.1% 13 1.0% 1277 98.9%
LAB RESULTS DISPLAY POTENTIAL INFECTION? 1291 142 11.0% 872 67.5% 217 21.5%
LABS COLLECTED DURING RELAPSE ASSESSMNT? 1291 2 0.2% 158 12.2% 1131 87.6%
NEUROLOGIC SIGNS/SYMPTOMS EVOLVED? 1291 1 0.1% 28 2.2% 1262 97.8%

Source: Not primary sx Subset of RLCAT_Questionnaire Subset of Study 301 RL By (RLTEST).xIsx and Not primary sx Subset of RLCAT_Questionnaire Subset of

Study 301 RL By (RLTEST).xlsx
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Table 38 below lists the sequence of assessments involved in the assessment of a possible relapse.

Table 38: Reviewer table: Steps in the process of relapse evaluation, all relapse evaluations, by planned treatment,
ITT.

Total Number N(150 mg DAC HYP) N(30 ug Avonex)
Total of subjects Number of Number of
Number (% of ITT) Number of subjects Number of subjects
RLTEST of events events % of TrtGrp events % of TrtGrp
ONSET DATE OF MS RELAPSE SYMPTOMS 1291 739 (40.1%) 519 307 (33.4%) 772 432 (46.9%)
DATE TREATING NEUROLOGIST CONTACTED 1291 739 (40.1%) 519 307 (33.4%) 772 432 (46.9%)
DATE EVALUATED BY TREATING NEUROLOGIST 1304 743 (40.4%) 526 308 (33.5%) 778 435 (47 2%)
HAS THE SUBJECT EXPERIENCED A RELAPSE? 1304 743 (40.4%) 526 308 (33.5%) 778 435 (47 2%)
SUBJECT RELAPSE CONFIRMED BY INEC? 1201 705 (38.3%) 480 290 (31.6%) 721 415 (45.0%)
TREATED WITH IV METHYLPREDNISOLONE? 1304 743 (40.4%) 526 308 (33.5%) 778 435 (47 2%)
TOTAL SUBJECTS 1841 (100.0%) 919 (100.0%) 922 (100.0%)

Source: Join Study 301 RL with ADSL By (RLTEST).jmp and JReview crosstab — Study 301 RL: ITT RLTEST by PLND TRTO1 filter ITTO1_Y and RLCAT_RL ASSESS.xIs

An evaluation was recorded by the Treating Neurologist for 1304 relapses - 526 relapses in 308 subjects in the DAC HYP
group and for 778 relapses in 435 subjects in the Avonex group. There were 13 possible relapses (7 in the DAC HYP group and
6 in the Avonex group) occurring in 4 subjects (1 in the DAC HYP group and 3 in the Avonex group) for which there was no
onset date or date of contact with the neurologist. A determination was made by the treating neurologist for all 1304 events.
Referral to the INEC was made for 1201 of the 1304 events (92.1%). For both treatment groups, all relapses evaluated by the
treating neurologist were treated with IV MP regardless of the subsequent INEC adjudication result.
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For both treatment groups nearly all of the relapses are included in the first 3 evaluations of a
potential relapse.

Table 39: Reviewer table: Number of times a subject was evaluated
by the neurologist for a potential relapse by treatment group — ITT

in period 1

Group ID 150 mg DAC HYP | 30 ug Avonex Subjects
RELAPSE1 306 (33.3%) 433 (47.0%) 739 (40.1%)
RELAPSE2 124 (3.5%) 203 (22.0%) 327 (17.8%)
RELAPSE3 58 (6.3%) 84 (9.1%) 142 (7.7%)
RELAPSE4 24 (2.6%) 34 (3.7%) 58 (3.2%)
RELAPSES 10 (1.1%) 14 (1.5%) 24 (1.3%)
RELAPSE6 4(0.4%) 6 (0.7%) 10 (0.5%)
RELAPSE7 0 (0.0%) 2 (0.2%) 2 (0.1%)
RELAPSES 0(0.0%) 1(0.1%) 1(0.1%)
RELAPSE9 0 (0.0%) 1(0.1%) 1(0.1%)

TOTAL RELAPSES 526 778 1304
SUBJECTS INITT - N 919 (100.0%) 922 (100.0%) 1841 (100.0%)

Source: JReview crosstab - RLGRPID by PLND TRTO1 filter ITT_01_Y and
RLTESTCD_SBEVALDT.xls

An assessment of bias by the investigator or INEC in making the determination that a relapse
had occurred

In general, the investigator determined that a relapse had occurred for approximately 90% of
relapses evaluated. The proportion did not vary greatly by relapse number or by treatment
group. Those in whom the determination was “yes” were to be referred to the INEC for
adjudication. Similarly the INEC confirmed that a protocol-defined relapse had occurred for
approximately 90% of relapses referred by the investigator for adjudication. This did not vary
greatly by relapse number or treatment group.

Reviewer Comment: Because the treating neurologist was aware of subject symptoms and
adverse events that might have suggested treatment assignment it is important to assess for
any bias in the relapse assessment process. The treating neurologist determined whether a
subject report of a potential relapse was to be evaluated at an unscheduled visit and made the
decision as to whether an event was to be referred to the INEC. Based on the proportion of
events in each treatment arm referred to the INEC there is no indication that the investigator
was significantly more or less likely to determine that a subject had a protocol-defined relapse
for either treatment group. The same was true of the INEC confirmation process.
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An assessment of the interval between the onset of MS symptoms, contact with the treating
neurologist, evaluation by the neurologist

Reviewer Comment: It is important that symptoms of a potential relapse were evaluated soon
after onset. If there was a significant delay in subject reporting to the investigator or a delay
between subject report and examination by the investigators, the assessments could have
resulted in an erroneous determination that a relapse had not occurred and/or the deficit
detected may not be representative of the true change related to the relapse.

Subjects were instructed to contact the treating nurse or neurologist within 48 hours of the
onset of symptoms (Section 14.3.8 of the protocol). A standardized Suspected Relapse
Questionnaire was to be completed to determine the necessity of an unscheduled relapse visit.
The data from the form was only entered into the CRF if the treating neurologist determined
that an unscheduled visit was necessary.

“Protocol defined interval to the relapse assessment by the treating neurologist should be no
more than 3 days (from the onset of the potential relapse) and to the assessment by the
examining neurologist to confirm that there was a new objective deficit and to record the EDSS
should be no more than 5 days (from the onset of the potential relapse.”

Nearly all subjects (90%) were evaluated by the treating neurologist within 7 days of the subject
contacting the site. This interval between subject contact and evaluation by the treating
neurologist was 0 days for approximately 70% of the events.

Reviewer Comment: The interval of zero days indicates that 70% of the subjects were evaluated
on the same day on which they contacted the site. This is somewhat implausible and raises
some doubt about the credibility of the dates and times recorded.

Of greater importance is the interval between the onset of symptoms of a relapse and the
evaluation by the treating neurologist. For all relapses the mean interval from the onset of
symptoms to evaluation by the treating neurologist was 5.39 + 5.96 days for the DAC HYP group
and 6.04+8.47 days for the Avonex group (Table 40).
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Table 40: Reviewer table: Study days from reported onset of relapse
symptoms to evaluation by the treating neurologist, all relapses, by planned
treatment, ITT

Study days from RL onset to RL evaluation
Planned Treatment N Mean | StdDev | Min Max__| Median
150 mg DAC HYP 509 5.39 5.96 0 55 3
30 ug Avonex 763 6.04 8.47 0 83 3

Source: Join join SBEVALDT subset of RL with ADSL with RLONSET match USUBJID and RLGRPID By (TRTO1P -
Planned Treatment for Period 01).jmp

Approximately 44% of relapses were evaluated more than 3 days after symptom onset, 20%
more than 7 days and 1.7% more than 30 days after symptom onset. The proportion of relapses
evaluated more or less than 3 days and more or less than 7 days after symptom onset did not
differ by treatment group (Table 41).

Table 41: Reviewer table: Summary of the time from relapse symptom onset to evaluation by
the treating neurologist by planned treatment in period 1, ITT.

Total Relapse evaluations e 30 ug Avonex
Study days from RL
onset to RL evaluation Number of Number of Number of
Percent Percent Percent
Relapses Relapses Relapses

Missing 15 12% 7 1.4% 8 1.0%

3 days or less* 720 56.3% 285 55.2% 435 56.4%

More than 3 days 567 44 4% 231 44 8% 336 43.6%

7 Days or less* 1035 81.0% 424 82.2% 611 79.2%

More than 7 days 252 19.7% 92 17.8% 160 20.8%
Less than 30 days 1265 99.0% 511 99.0% 754 97.8%

30 days or more 22 1.7% 5 1.0% 17 2.2%
TOTAL 1287 100.7% 516 100.0% M 100.0%

Source: Join join SBEVALDT subset of RL with ADSL with RLONSET match USUBJID and RLGRPID By (Study days from RLSTDY to
SBEVALDT).jmp and Study days from RLSTDY to SBEVALDT by TRTO1P.xlsx
*: number missing included

Reviewer Comment: The proportion of relapses evaluated beyond the protocol defined time
interval did not differ greatly between the two treatment groups and most likely did not affect
the analysis of the treatment effect attributable to DAC HYP. However the overall proportion of
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relapses that were evaluated beyond 7 days, an interval that DNP has considered the limit for a
valid assessment of a relapse, does raise a concern that the clinical features (such as the EDSS
score) of a large proportion of the relapses included in the analysis are not representative of the
true acute relapse.

The following analyses are intended to explore any potential effect of the time to evaluation of
the relapse on the decision by the treating neurologist to refer the event for adjudication and
on the confirmation by the INEC. Nearly all relapses were evaluated within 7 days. As seen in
Table 42 and Table 43 below, as the time from relapse symptom onset to evaluation increased,
there is a slight decline in the proportion of events deemed to be a protocol-defined relapse by
the treating neurologist and by the INEC for the DAC HYP treatment group but no decline in the
Avonex group.

Table 42: Reviewer table: Proportion of potential relapses evaluated by the treating
neurologist and determined to be protocol defined relapses by time since symptom onset and
by planned treatment, ITT.

N Rows N(150 mg DAC HYP) N(30 ug Avonex)
oneettoovaugtion | Rotapsee | Y% | Roipeos | Y% | Roipaes | Y%
3 days or less 670/705 95.0% 265/278 95.3% 405/427 94.8%
More than 3 days 518/567 91.4% 209/231 90.5% 309/336 92.0%
More than 7 days 228/252 90.5% 80/92 87.0% 148/160 92.5%
30 days or more 21/22 95.5% 4/5 80% 1717 100%

Source: SJEXRLPS Subset of Join 3dys or less subset of SBEVALDT of RL with ADSL with RLONSET match USUBJID and
RLGRPID.jmp SJEXRLPS RLSTRESC for 3dys or less RLONSET to SBEVALDT by TRTO1P.xlsx

Source: SJEXRLPS Subset of Join More than 3 Day SBEVAL subset of RL with ADSL with RLONSET match USUBJED and RLGRPID.jmp
and More than 3 days RLONSET to SBEVALDT by TRTO1P.xlsx

Source: SJEXRLPS Subset of Join more than 7 day SBEVALDT with RLONSET with RL match USUBJID and RLGRPID.jmp and More
than 7dy RLONSET to SBEVALDT by TRTO1P.xlsx

Source: SJIEXRLPS Subset of Join 30 day or more Join SBEVALDT with RLONSETDT with RL By (RLORRES - Result or Finding in
Original Units).jmp

Table 43: Reviewer Table: Proportion of potential relapses confirmed by the INEC by time

since symptom onset and by planned treatment, ITT.

Total 150 mg DAC HYP 30 ug Avonex

Days from symptom
onset to evaluation

Number of Yes % Number of Yes % Number of Yes %

Relapses Relapses Relapses

3 days or less 620/670 92.5% 244/265 92.1% 376/405 92.8%

More than 3 days 459/518 88.6% 175/209 83.7% 284/309 91.9%

More than 7 days 201/228 88.2% 65/80 81.3% 136/149 91.9%
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Total 150 mg DAC HYP 30 ug Avonex
Days from symptom
onset to evaluation
Number of Yes % Number of Yes % Number of Yes %
Relapses Relapses Relapses
30 days or more 19/21 90.5% 4/4 100% 15117 88.2%

Source: INECCONF Subset of Join 3dys or less subset of SBEVALDT of RL with ADSL with RLONSET match USUBJID and RLGRPID.jmp
INECCONF RLSTRESC for 3dys or less RLONSET to SBEVALDT by TRTO1P.xlsx

Source: INECCONF Subset of Join More than 3 Day SBEVAL subset of RL with ADSL with RLONSET match USUBJED and RLGRPID.jmp
and INECCONF result for More than 3 days RLONSET to SBEVALDT by TRTO1P.xlsx

Source: INECCONF Subset of Join more than 7 day SBEVALDT with RLONSET with RL match USUBJID and RLGRPID.jmp RLSTRESC for
INECCONF subset of more than 7 day SBEVALDT with RLONSET with RL.xIsx

Source: INECCONF Subset of Join 30 day or more Join SBEVALDT with RLONSETDT with RL by RLSTRESC.jmp

Had the proportion referred to the INEC (¥95%) and the proportion confirmed by the INEC (~92%)
remained the same over time since symptom onset for the DAC HYP group as it did for the Avonex
group, then the number of confirmed relapses in the DAC HYP and Avonex groups would have been
460 and 680 respectively compared to 424 and 667 ultimately referred to and confirmed by the
INEC. See Table 49 below for an analysis based on the assumption that all assessed relapses were
confirmed.

The change in EDSS score at the time of relapse evaluation was assessed to determine what effect
the delay from onset to clinical assessment might have had on the status of the relapse at the time
the assessments were completed. A measure of the neurologic deficit remaining at the time of the
relapse is the change in EDSS score at the time of a relapse compared to the baseline EDSS. The
distribution of the change from baseline EDSS to the time of a confirmed relapse is shown in Table
44 and Figure 5 below. The EDSS was assessed at the time of the unscheduled relapse visit.

Table 44: Reviewer Table: Number and proportion of subjects with an increase in EDSS score
compared to baseline at the time of an INEC-confirmed relapse, ITT

N Rows N(150 mg DAC HYP and N(30 ug Avonex and DAC
Change in EDSS from Avonex placebo) HYP placebo)
BL to relapse
N proportion N proportion N proportion
0.5 or more 1073 084 434 0.84 639 083
1.0 or more 853 0.66 344 0.67 509 0.66
Source: Join join SJEXPRLPS with EDSS with BL EDSS with TRT from ADSL.jmp and Change in EDSS from BL to RL for SJEXRLPS by
TrtO1P.xlsx
CDER Clinical Review Template 2015 Edition 75

Version date: June 25, 2015

Reference ID: 3899808



Clinical Review

Lawrence Rodichok MD

BLA 761029

Zinbryta/Daclizumab High Yield Process/DAC HYP

Figure 5: Reviewer Figure: Distribution of the change from
baseline EDSS at the time of INEC-confirmed relapse by
treatment group, ITT.
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Reviewer Comment: Despite the delay from symptom onset to clinical evaluation, the EDSS had
increased at the time of the relapse by at least 0.5 points in over 80% and by 1 point in about
two-thirds of subjects. This is likely to be an underestimate for those with a longer delay to
assessment. The proportions do not differ by treatment group. It is not unexpected that the
EDSS did not increase for all subjects since only a new objective neurologic deficit was required
by the definition of a relapse.

In submission e0030 the sponsor responded to a request for additional information to address
the issue of timing between onset of relapse symptoms and the steps in the process of relapse
evaluation. The sponsor provided essentially the same analyses and interpretation as those of
the reviewer.

To determine whether those relapses not referred to the INEC differed by treatment group, the
frequency with which these relapses were reported as an adverse event was evaluated. Of the
106 potential relapses evaluated by the treating neurologists and determined not to be
protocol-defined relapses, 45 (42.5%) were reported as an adverse event, 16 (35%) from the
DAC HYP group and 29 (48%) from the Avonex group. Of the 1256 events that were considered
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by the treating neurologist to represent a protocol-defined relapse, 479 of 506 (94.7%) in the
DAC HYP group and 719 of 750 (95.9%) in the Avonex group were reported as AEs. Of the 1639
adverse events with a preferred term of Multiple Sclerosis Relapse, 157 of 658 (23.9%) in the
DAC HYP group were considered serious compared to 211 of 981 (21.5%) in the Avonex group.

Table 45: Reviewer table: Adverse event of “Multiple Sclerosis
Relapse” by serious vs. not serious and by planned treatment in
period one, ITT

AE All relapses 150 mg DAC HYP 30 ug Avonex
serious? N % N % N %
N 1271 77.5% 501 76.1% 770 78.5%
Y 368 22 5% 157 23.9% 211 215%
Total 1639 100.0% 658 100.0% 981 100.0%

Source: Join MS RL subset of NS subset of Study 301AE with ADSL By (AESER).xlsx

The severity of the adverse event of multiple sclerosis relapse was considered severe for 5% of
these events in the DAC HYP group and for 2.7% of those in the Avonex group.

Table 46: Reviewer Table: Adverse event of Multiple Sclerosis
Relapse by severity and by planned treatment in period one, ITT

Total 150 mg DAC HYP 30 ug Avonex
AE severity
N % N % N %
MILD 642 39.2% 247 37.5% 395 40.3%
MODERATE 938 57.2% 378 57 4% 560 57.1%
SEVERE 59 3.6% 33 5.0% 26 2.7%
Total 1639 100.0% 658 100.0% 981 100.0%

Source: Join MS RL subset of NS subset of Study 301AE with ADSL By (AESEV).xIsx

Reviewer Comment: The differences in seriousness or severity between the two treatment
groups are minor. There is no indication that the relapses in the DAC HYP group were more or
less serious or severe compared to the Avonex group.

Primary Efficacy Endpoint: Annualized Relapse Rate

For the group treated with DAC HYP there were a total of 415 INEC-confirmed relapses that
occurred while on study and prior to the start of an alternative treatment for MS (including
interferon B). For the group treated with Avonex there were 651 relapses that met the same
criteria. For all subjects in the ITT, the sum of days on study or days to the start of an alternative
treatment for MS (including interferon ), whichever came first, was 718235 days (1966
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subject-years) for the group treated with DAC HYP and 687481 days (1882 subject-years) for the

Avonex group.

Reviewer estimate of the unadjusted annualized relapse rate is 0.211 for the DAC HYP group

and 0.346 for the Avonex group.

Table 47: Reviewer table: The total number of relapses that
occurred prior to the start of an alternative treatment for MS or
prior the end of study days in period one and that were confirmed

by the INEC*
Relapse number DAC HYP 150 mg Avonex 30 ug

1 254 374
2 88 168
3 43 66
4 19 25
5 7 11
6 4 -
7 0 1
8 0 1
9 0 1

Total 415 651

Source: GrouplD by TRTO1P - Join RL 1-8 Prior AMS2DT or EOS_Y subset with RL 1 subset

RLORRES_Y INEC

*: The onset date was missing for 12 relapses — 5 in the DAC HYP and 7 for Avonex. None
of the 12 was confirmed by the INEC.

The time on treatment was similar for the two treatment groups but the time on
study was considerably greater for the DAC HYP treatment group. Calculation of
the unadjusted ARR per the SAP was to be based on the time on study.

Table 48: Reviewer Table: Number of days in study in period one or days to start
of alternate treatment for MS, whichever came first, ITT

Days to AltTrtmt else Years Days to AltTrtmt else Years
Days to Last treatment Days on Study in
in period One +1 Period One +1
Planned Treatment for
Period 01 (TRT01P) N Sum N Sum
150 mg DAC HYP 919 654846 1792 87 919 718235 1966.42
30 ug Avonex 922 648889 1776.56 922 687481 1882.22

Source: Sum of Days to AMS2DT else Days to Last treatment in period 1 plus 1 - Study 301 ADSL By (TRTO1P
- Planned Treatment for Period 01).jmp and Sum of Days to AMS2DT else Days on Study in Period One plus
1 -Study 301 ADSL By (TRTO1P - Planned Treatment for Period 01).jmp

Calculation of ARR based on time on study:
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DAC HYP: (415/718235)*365.25 = 0.211 (sponsor report —0.212)
Avonex: (651/687481)*365.25 = 0.346 (sponsor report — 0.353)

Reviewer Comment: The reviewer calculated number of relapses and unadjusted relapse rates
are comparable to those of the sponsor in Table 29 of the CSR. The sponsor calculation of the
adjusted ARR using the negative binomial model adjusted for baseline relapses rate (over 3
years prior to enrollment), baseline EDSS (<2.5 vs. >2.5) and baseline age (<35 vs. >35) was
0.216 for the group treated with DAC HYP 150 mg compared to 0.393 for the Avonex group, very
similar to the unadjusted rates.

There were 371 relapses that occurred in the DAC HYP group that were prior to the start of
alternative treatment for MS or prior to the end of treatment in period one. In the Avonex
group there were 606 relapses that met the same criteria. If the time on treatment in period
one was used to calculate the ARR it would be 0.207 for the DAC HYP group and 0.341 for the
Avonex group.

Reviewer Comment: For the various categories of relapse and using either study days or
treatment days the treatment effect consistently favors DAC HYP by 0.133 to 0.146 (Table 49).
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Table 49: Reviewer table: Unadjusted ARR by relapse group

DAC HYP Avonex
N=919 N=922 Treatment difference
Relapse Group . .
Relapses ARR basis Relapses ARR basis
N Study | Treatment N Study | Treatment
Days Haya Days Haya Study Days Treatment days
absolute | relative absolute | relative
All assessed relapses 526 0.267 0.293 778 0413 0438 0.146 35.4% 0.145 33.1%
Relapse per reating 480 0.244 0.268 721 0.383 0.406 0.139 36.3% 0.138 34.0%
neurologist
INEC confirmed relapses 424 0.216 0.236 667 0.354 0.375 0.139 39.3% 0.139 371%
Prior to EOT and prior to
AMS2DT - INEC confirmed 3N 0.189 0.207 606 0.322 0.341 0.133 41.3% 0.134 39.3%
Prior to EOS and prior to
AMS2DT — INEC confirmed” 415 0.211 0231 651 0.346 0.366 0.135 39.0% 0.135 36.9%
Source: RLONSET Subset of Join Study 301RL with ADSL.jmp
*: primary analysis population
EOT: Days to end of treatment
EOS: Days to end of study
AMS2DT: Time to start of alternate treatment including B-interferon
CDER Clinical Review Template 2015 Edition 80

Version date: June 25, 2015

Reference ID: 3899808




Clinical Review

Lawrence Rodichok MD

BLA 761029

Zinbryta/Daclizumab High Yield Process/DAC HYP

Reviewer Comment: The absolute and relative treatment effect attributable to DAC HYP 150 mg
is nearly identical for all of the above permutations of relapses included in the analysis and
study days versus treatment days. The absolute reduction in the unadjusted ARR varies from
0.133 to 0.146 and the relative reduction is from 33% to 41%.

Subgroup analyses:

Reviewer and sponsor analyses showed no notable differences in the reduction of the ARR by
age group or baseline weight. Analyses of ARR by Region are shown below.

Region

The unadjusted ARR did vary somewhat by region. The treatment difference varied from 0.60, a
20.2% reduction in Region 1 to 0.194, a 49.1% reduction in Region 2.

Table 50: Reviewer table: Unadjusted ARR by Region and planned treatment in period one,

ITT
150 mg DAC HYP 30 ug Avonex
Region 1 Region 2 Region 3 Region 1 Region 2 Region 3
N=118 N=210 N=591 N=118 N=207 N=597
Days to AMS2DT 86455 161962 469818 84751 149928 452802
else time in study
Relapses* 56 89 270 69 162 420
ARR 0.237 0.201 0.210 0.297 0.395 0.339
Treatment difference 0.060 0.194 0.129
Relative ARR reduction 20.2% 49 1% 38.1%

Source: Join RL 1 Prior AMS2DT or EOS_Y subset with RL 1 subset RLORRES_Y INEC By (TRTO1P - Planned Treatment for
Period 01 and by RGNGR3).jmp — repeat for relapses 2-9
*: all INEC relapses included
AMS2DT: Time to start of alternate treatment including B-interferon

Table 51: Reviewer table extracted from Sponsor CSR Table 149 — ARR by subgroups

150 mg DAC HYP 30 ug Avonex
Region 1 Region 2 Region 3 Region 1 Region 2 Region 3

N=118 N=210 N=591 N=118 N=207 N=597
ARR adjusted 0.227 0.227 0.212 0.321 0.498 0.374
95% CI 0.162,0.320 | 0.173,0.299 | 0.182,0.246 | 0.233 0442 [ 0.395,0.629 [ 0.327,0.428
Rate ratio (DAC HYP/Avonex) 0.709 0.456 0.566
95% CI 0.458,1.098 | 0.326,0.637 | 0.463, 0.690
p-value 0.1191 <0.0001 <0.0001

Source: Study 301 CSR Table 149 page 864/3937

Reviewer Comment: The apparent smaller treatment effect in Region 1 may be attributable to
the small sample size and wide confidence interval for this Region. It may also reflect the higher
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proportion of subjects who had been treated previously for MS, i.e. a more refractory population
compared to the other regions. The point estimate in Region 1 nevertheless favors DAC HYP.

Sex

The ARR was similar for males and females with a relative reduction of 35.3% for females and
46.6% for males.

Table 52: Reviewer table: unadjusted ARR by Sex and planned treatment in period one, ITT

150 mg DAC HYP 30 ug Avonex
Females Males Females Males
INEC confirmed relapses 299 125 446 221
Sum(Days to AMS2DT else Days 484826 233409 467539 21904
on Study in Period One plus 1

ARR 0.225 0.196 0.348 0.367

Treatment difference 0.123 0.171
Relative reduction in ARR 35.3% 46.6%

Source:Join Study 301 ADSL for ARR with Yes subset of INECCONF subset of Study 301RL incl nonmatches.jmp by TRTO1P,
RLSTRESC and Sex

Source:Study 301 ADSL for ARR Summ Days to AMS2DT else DOS By (TRTO1P).jmp

AMS2DT: Time to start of alternate treatment including B-interferon

Race

Table 53: Reviewer table: unadjusted ARR by Race and planned treatment in period one, ITT

Sum of Days to AMS2DT else Days on Study plus 1
Planned AMERICAN
Treatment | Total |  INDIAN OR ASIAN B'-Ai':dggl‘é;ﬁ'cm REP’(‘)%TTED, OTHER | WHITE
ALASKA NATIVE
;iop'"g i 919 - 0.208 0.341 0.206 0270 0213
30 ug Avonex 922 _ 0.233 0.381 0.288 0.379 0.358
Treatment difference - 0.025 0.040 0.082 0.109 0.145

Source: Join Study 301 ADSL for ARR with Yes subset of INECCONF subset of Study 301RL incl nonmatches (by Race).jmp
Source: Study 301 ADSL for ARR By (TRT01P and RACE).jmp

*: Due To Confidentiality Regulations

AMS2DT: Time to start of alternate treatment including B-interferon

Disease Activity

Number of relapses in the past year

Table 54: Reviewer Table: Unadjusted ARR by the number of relapses in the year prior to
enrollment group (<1 vs. 22), by planned treatment, ITT

150 mg DAC HYP 30 ug Avonex

RL in year prior to enrollment | RL in year prior to enroliment
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Total N(<=1) N(=2) N(<=1) N(=2)
Number of Relapses 1091 205 219 267 400
Unadjusted ARR 0.190 0.247 0.274 0.440
Treatment difference 0.084 0.193
Relative treatment difference 30.7% 43.9%

Source: Join Study 301 ADBASE with Yes subset of INECCONF subset of Study 301 RL incl nonmatches.jmp by RL1YGR2 and Join
Study 301 ADSL for ARR with ADBASE.jmp by RL1YGR2 (<1, >2)

Previous treatment with interferon B

For subjects being treated with DAC HYP the occurrence of relapses was approximately the
same for those previously treated compared to those not previously treated with interferon B.
For those being treated with Avonex, those previously treated with interferon  had a lower
relapse rate that those not previously treated (Table 55).

Table 55: Reviewer Table: Occurrence of INEC- confirmed relapses by treatment group and
previous treatment with interferon

Randomization 150 mg DAC HYP 30 ug Avonex Total Subjects
Group ID | Stratum IFN beta
Usage
N % ITT N % ITT N % ITT
Total 484 52.7% 731 79.3% 1215 66.0%
Relapses
Subtotal N 221 24.0% 415 45 0% 636 34 5%
Subtotal Y 263 28.6% 316 34.3% 579 31.5%
Total ITT Subjects 919 922 1841

Source: JRev CTab RLGRPIDbyTRTO1PfilterINECCONF_Y.xls
*: not limited to relapses occurring prior to AMS2DT or prior to end of study.

Reviewer Comment: The proportion of subjects treated with DAC HYP who experienced relapses
was similar by previous treatment with an interferon. For those randomized to Avonex the
proportion with a relapse was slightly lower for those previously treated with an interferon.
These latter subjects do not appear to have been biased toward premature discontinuation of
treatment. For the treatment completion rates by treatment assignment see Table 11 and Table
12. Subjects who had been on interferon previously and randomized to interferon for this trial
were not any less likely to complete treatment compared to those previously treated and
randomized to DAC HYP.

Data Quality and Integrity — Reviewers’ Assessment

The sponsor provided written responses to an FDA comment in the pre-BLA minutes regarding
the influence of site financial interests on the study results. Of the 49 sites in the US, 53%
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disclosed financial interests as did 15% of the OUS sites. An analysis of adverse event reporting
did not reveal any consistent pattern related to financial interests.

Table 56: Reviewer table: ARR for subjects at sites with and without financial interest

Avonex DAC HYP 150mg
ITT 922 919
Number of subjects % of ITT Number of subjects % of ITT
With financial interests 163 18 158 17
Adjusted ARR 0.397 0.184
(95%Cl) (0.294, 0.537) (0.129, 0.261)
Rate ratio 0.462
(95%Cl) (0.306, 0.698) [
No financial interests 759 [ 82 761 [ 83
Adjusted ARR 0.389 0.221
(95%Cl) (0.346, 0.437) (0.193, 0.252)
Rate ratio 0.567
(95%Cl) (0.477,0.674)

Source: Table 6, Pre-BLA meeting — sponsor written responses, page 212/218

Efficacy Results — Secondary and other relevant endpoints

» Number of New or Newly-Enlarging T2 lesions at Week 96

At 96 weeks the number of new or newly enlarging T2 lesions was reduced by approximately
60% (mean reduction -3.62, 95%Cl: -4.59, -2.65, p<0.001, unpaired t-test). The table below
represents the observed counts without imputation or adjustment for baseline values. The
sponsor reports a reduction of 54.4% using a negative binomial regression model with
adjustment for baseline volume of T2 lesions, history of baseline use of IFN B and age group. At
24 weeks the reduction was 35.4% (mean reduction -1.4, 95%Cl -2.06, -0.74, unpaired t-test).

Table 57: Reviewer table: the number of new or newly enhancing T2 lesions by
visit and planned treatment, ITT

Number of lesions
Planned Visit Name count
Treatment \ mean std.dev. min max
subjects

150 mg DAC HYP WEEK 24 874 2.55 538 0 51
150 mg DAC HYP WEEK 96 750 253 6.71 0 84
30 ug Avonex WEEK 24 839 395 823 0 115
30 ug Avonex WEEK 96 71 6.15 11.61 0 123

Source: JRev IM all T2ZHPRNE2 by visit and TRTO1P.xls
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» Proportion of subjects with sustained disability progression defined by at least a 1.0-
point increase on the Expanded Disability Status Scale (EDSS) from baseline EDSS 21.0
that is sustained for 12 weeks or at least a 1.5-point increase on the EDSS from
baseline EDSS = 0 that is sustained for 12 weeks

The week 0 EDSS score was the baseline score for all but 6 subjects. The screening score was
used for 5 subjects and the week 12 score for one subject.

The following criteria are of interest for the primary analysis of disability progression:

e The change from baseline EDSS must be 1.5 points or greater for those with a baseline
EDSS of 0 and must be 1.0 points or greater for those with a baseline EDSS of greater
than 0

e The tentative increase must be confirmed at the next study visit that occurred more
than 74 days after the tentative progression.

e Confirmation must occur more than 29 days after the onset of a relapse

e The date of onset of the progression is the date of the onset of the (tentative)
progression

e A progression may begin with a relapse

e A progression may not begin after the start of alternative treatment for MS

e A progression may be confirmed after the start of alternative treatment for MS

e For the calculation of the time to sustained progression, those who do not have a
progression will be censored at the date of the last valid EDSS determination prior to the
end of treatment visit or the date of start of alternative treatment for MS, whichever
occurred earlier

See the regulatory history (3.2) regarding the imputation method for those tentative
progressions without a confirmatory visit. The primary method assumes that those without a
confirmatory EDSS assessment did not progress. Alternative imputation methods including the
“multiple imputation” method based on the rate of confirmation for those with a confirmatory
EDSS assessment using a logistic model are considered exploratory analyses. The SAP (Section
6.4.1.2) states that a progression must start at or prior to the End of Treatment Period Visit
which was the Last Scheduled Treatment Period visit for those who completed treatment.
Treatment was allowed for up to 140 weeks.

The sponsor reports that using the primary analysis method there were 121 subjects (13%)
treated with DAC HYP 150 mg and 140 subjects (15%) treated with Avonex who met the criteria
for 12 week sustained progression of disability by Week 96 of treatment (Study 301 CSR Table
31). Using the Cox proportional hazards model, the hazard ratio for 12 week confirmed
progression was 0.84 (95%Cl 0.66, 1.07, p=0.1575). The sponsor reports that 67 subjects with a
tentative progression lacked a confirmatory EDSS, 43 in the Avonex group and 24 in the DAC
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HYP group. If these tentative progressions are assumed confirmed, as opposed to not
confirmed in the primary analysis method, then the hazard ratio reported by the sponsor
becomes 0.76 (95%Cl: 0.61, 0.95; p=0.0157). If the confirmation rate for the treatment group is
imputed for those lacking a confirmatory EDSS then the hazard ratio becomes 0.786 (95%Cl:
0.620, 0.997; p=0.0469). See Study 301 CSR Table 33, page 189/3937. Six month confirmed
progression was found in 99 (11%) subjects treated with Avonex and in 80 (9%) subjects treated
with DAC HYP. In this analysis the confirmatory ED