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Letter of Approval

72 ¥ U.S. FOOD & DRUG

ADMINISTRATION

BLA 761178
BLA ACCELERATED APPROVAL

Biogen Inc.

Attention: Priya Singhal, MD, MPH

Vice President, Global Safety and Regulatory Sciences
225 Binney Street

Cambridge, MA 02142

Dear Dr. Singhal:
Please refer to your biologics license application (BLA) dated and received on July 7,
2020, and your amendments, submitted under section 351(a) of the Public Health

Service Act for Aduhelm (aducanumab-avwa) injection.

We acknowledge receipt of your major amendment dated January 27, 2021, which
extended the goal date by three months.

LICENSING Sincerely,

We have approved your BLA for Aduhelm (aducanumab-avwa), effective this date. Y| (See appended electronic signafure page}
are hereby authorized to introduce or deliver for introduction into interstate commerce

Aduhelm under your existing Department of Health and Human Services U.S. Licens Billy Dunn, MD

No. 1697. Aduhelm is indicated for the treatment of Alzheimer’s disease. Director _
Office of Neuroscience

MANUFACTURING LOCATIONS Center for Drug Evaluation and Research




Timeline

March 21, 2019 Biogen announced the
termination of the Ehase Il studies after

prespecified futility criteria were met

Early May 2019 An unofficial and
undocumented meeting to discuss
aducanumab’s potential approval
allegedly took place between Biogen’s
head of Research & Development,
Alfred Sandrock Jr. and the FDA Office
of Neuroscience Director, Billy Dunn?

2011: Phase 1 began
2015: Phase 3 began

May 15, 2019 Type C meeting"”
requested from Biogen to the
FDA regarding a discussion of the
decision to terminate the studies

October 21, 2019 Type C meeting” was
TMETd to aiscuss anatyses conaucted
since June 2019. The FDA concluded
that the data from the terminated
phase lll trials were interpretable and
advised Biogen that submission of a
marketing application was a
reasonable option, as Study 302 was
viewed as independently representing
substantial evidence of clinical efficacy

June 14, 2019 Type C meeting” held to
"discuss Blogen s anatysis of the.
intention-to-treat population of studies
301 and 302 up to March 20, 2019. The
FDA concluded that the assumptions on
which the prespecified futility analysis
was based were invalid and collaborated
with Biogen to conduct further analyses

October 22, 2019 Biogen announced in
a press release their intention to pursue
FDA approval for aducanumab based
on data collected up to March 2019

July 7, 2020 Biogen submitted a
Eiﬂlngics License AEEIicatiﬂn for

FDA approval to market aducanumab

December 5, 2019 Biogen presented
topline results at the Clinical Trials on
Alzheimer’s Disease conference, where
audience questions were electronically
submitted and screened

Nat Rev Neurol. 2021 Nov;17(11):715-722
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Timeline

November 6, 2020 The FDA Peripheral
and Central Nervous System (PCNS)
Drugs Advisory Committee agreed
'_aﬁst unanimously (1 uncermt
substantial evidence for aducanumab’s
clinical efficacy had not been
established. The FDA informed the

Committee that AP was not being
used as a surrogate marker for eficacy

July 7, 2021 The FDA approved an
updated label which specified that
FAqunetm snoutd be initiated in MCI
or mild dementia due to AD, after
initially approving aducanumab for
the treatment of AD without
specifying disease thresholds

June 7, 2021 Aducanumab was

Lgra nted accelerated approval b
the FDA on the basis of substantial

evidence of reductions in A

June 10, 2021 By this date, three
standing members of the FDA PCNS

Drugs Advisory Committee had resigned

in protest over aducanumab’s approval

July 9, 2021 The acting Commissioner
of the FDA, Janet Woodcock,
requested that the Office of Inspector
General, US Department of Health
and Human Services (HHS-OIG)
conduct an independent investigation
‘OT alleged close Unks petween e
FDA and Biogen during the process
that led to aducanumab’s approval

June 24, 2021 The FDA granted
Breakthrough Therapy designation to
two other AB-reducing monoclonal
antibodies — donanemab and
lecanemab — on the basis of phase Il
trial data.

July 13, 2021 A number of US
private health insurance companies

announced they would not cover
Adunelm, as tHey consigered that a

clinical benefit was not established

June 25, 2021 Two US House of
Representatives committees launched

an investigation into the approval and
pricing or biogen saducanumab

July 14, 2021 The Cleveland Clinic
medical center and Mount Sinai health
system announced they will not
administer Aduhelm to patients until
the HHS-OIG affirms the integrity of the
FDA-Biogen relationship and reaffirms

the FDA’s basis for approving the drug

Nat Rev Neurol. 2021 Nov;17(11):715-722
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Clinical Trials
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Bioavailability, n=28
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Study =
Safety study, n=52

Study 301 Long-term extension (LTE)
Study 302, n=1643
Study 302 Long-term extension (LTE)

Study 304, n=max 2400
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https://www.fda.gov/advisory-committees/advisory-committee-calendar/november-6-2020-meeting-peripheral-and-central-nervous-system-drugs-
advisory-committee-meeting



fl Study 103 (PRIME)

 Efficacy Results
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Nature 537, 50-56 (2016).



Study 103 (PRIME)

 Efficacy Results
— SUVR: 7| M X| CHH| H3} Q9o|st ZkA

Figure 12: Study 103 Change from Baseline in Ap PET Composite SUVR

0.05
Table 3 Summary of AB PET results (based on MMRM) from Study 103 —
£  0.00
Fixed | Fixed | Fixed | Fixed | Titration 03
Placebo | dose dose dose dose to 2o -0.05 . —I *
Study 103 @
(N=42) | 1mg/kg | 3mg/kg | 6 mg/kg | 10 mg/kg | 10 mglkg 5% 10
(N=26) | (N=29) | (N=24) | (N=28) | (N=18) . e G
o * .015+
:12:1;125 38 21 26 23 21 16 EQ
) E -0.20 ek
Changefrom | o017 |.0047 |-0130 |-0208 |-0258 |-0.170 S8 025+
baseline =) = . L
<
- o . -
Difference vs. 0064 |-0.147 [-0225 |[-0276 |-0.187 g 030
placebo 0.35
n: number of randomized and dosed subjects with endpoint assessment at week 54 e T T T
0 26 54
Weeks
Placebo n=42 42 38
mglkg 29 %7 %
6 mglkg n=24 23 23
10 mg/kg n=28 27 21

Created by reviewer from Table 22 in Study 103 CSR
*p<0.05, **p<0.01, ***p<0.001



fl Study 103 (PRIME)

Durability of Response
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fl Study 301 (ENGAGE) & 302 (EMERGE)

Placebo

Apot4
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10 Biogen. Aducanumab for the Treatment of Alzheimer’s Disease.



Study 301 (ENGAGE) & 302 (EMERGE)

* Interim Futility Analysis — Early Termination (Mar 2019)

— Considered futile if both studies had conditional power less than 20%
for both the high-dose and low-dose treatment groups

Table 32: Conditional Power for Change from Baseline in CDR-SB, MMSE and ADAS-Cogl3 at
Week 78 (Interim Futility Dataset)

Study 301 Study 302
Diff vs. placebo (%) Diff vs. placebo (%)
Conditional Power Conditional Power
I:::;?:: Low Dose High Dose I;I::i!:: Low Dose High Dose
MN=320 MN=301 MN=269 N=276
(N=324) ( ) ( ) (N=258) ( ) | )
CDR-5B 1.4 -0.15 (-10%) 0.22 (15%) 2 23 -0.10 (7%} -0.28 (-18%)
12.9% 0% 10.7% 11.8%
MMSE 29 0.3 (-9%) -0.4 (13%) 3.0 -0.1 (3%) 0.6 (-210%)
' 5.7% 0% : 0.3% 24.9%
ADAS-Cog 13 -0.472 (-10%) -0.058 (-1%) -0.311 (-6%) -1.089 (-20%)
4.827 9.8% 3.3% 0488 9.0% 55.2%

* FDA type C meeting
— Oct 2019: “suitable for additional consideration.”

11 Drug Approval Package: Aduhelm (aducanumab-avwa). Medical Review.



fl Study 301 (ENGAGE) & 302 (EMERGE)

« Result - Clinical Efficacy
» Study 302 met primary and secondary objectives.

> Study 301 is negative study (failed to meet the objectives)

‘Week 78

Study 301 Final Data

Week 78 Difference vs. placebo (%)

Week 78

Study 302 Final Data

Week 78 Difference vs, placebo (%)

p-value p-value
Flacebo decline Placebo decline
(N=545) Low Dose High Dose (N=548) Low Dose High Dose
(N=547) I oo [N=543) I S
] n=331 n=295 j n=290 n=299 ‘
CDR-SB "1' i_‘? -0.18 (-12%) 0.03 (2%) "1' 2}23 -0.26 (-15%) -0.39 (-22%)
' 0.23250 0.8330 ' 0.0901 0.0120
1233 n=334 Nr29r =288 n=293 ~39¢
MMSE _'3 . 0.2 (-6%) -0.1 (3%) _'3 3 -0.1 (3%) 0.6 (-18%)
' 0.4795 0.8106 ' 0.7578 0.0493
331 n=332 n=294 287 n=289 n=293
ADAS-Cog 13 5'1 0 -0.583 (-11%) -0.588 (-11%) 5'1 62 -0.701 (-14%) -1.400 (-27%)
' 0.2536 0.2578 ' 0.1962 0.0097
=331 n=330 n=298 n=283 n=286 n=295
ADCS-ADL-MCI _'3 2 0.7 [-18%) 0.7 [-18%) _'4 ] 0.7 [-16%) 1.7 (-40%)
' 0.1225 0.1506 ' 0.1515 0.0006

Drug Approval Package: Aduhelm (aducanumab-avwa). Clinical Pharmacology Review.



fll study 301 (ENGAGE) & 302 (EMERGE)

 SUVR & CDR-DB
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13 Drug Approval Package: Aduhelm (aducanumab-avwa). Clinical Pharmacology Review.



fl Study 301 (ENGAGE) & 302 (EMERGE)

Adverse events with incidence >10%

EMERGE

Placebo Low dose | High dose

(n=547) (n=544) (n=547)
Patients with any event, n (%) 476 (87.0) 477 (87.7) 505 (92.3)
ARIA-E (%) 12 (2.2) 140 (25.7) 186 (34.0)
Headache (%) 83 (15.2) 106 (19.5) 106 (19.4)
ARIA-H, microhemorrhage (%) 38 (6.9) 88 (16.2) 102 (18.6)
Nasopharyngitis (%) 90 (16.5) 70 (12.9) 87 (15.9)
ARIA-H, superficial siderosis (%) 14 (2.6) 50 (9.2) 73 (13.3)
Fall (%) 68 (124)  64(11.8) 69 (12.6) i

This table includes patients who received at least one dose of investigational

14 Drug Approval Package: Aduhelm (aducanumab-avwa). Clinical Pharmacology Review.



fl Study 301 (ENGAGE) & 302 (EMERGE)

« Post-hoc Subset Analysis
- 301 A= At 240M Z2EE F(PV4) 0|2 55 2HAEF = 43 L

— 301 18 T0|M 10 mg/kgdll = EE X7t MM 2 HojM O3 A
O|C}.?

Post-PV4ab

ITT
Low dose High dose
_ n=543 n=547
Placebo decline

(n=548) diff vs. [:Illacebo, diff vs. Placebo
95% CI 95% ClI

Low dose High dose
n=295 n=288

Placebo decline

(n=304) diff vs. placebo diff vs. placebo
95% CI 95% CI

%) %)= % )e % )C
-0.25 -0.40 -0.42 -0.53
CDR-SB 1.74 -0.55, 0.06 -0.71, -0.10 1.76 -0.94, 0.10 -1.05, -0.02
(-14%) (-23%) (-24%) (-30%)
Placebo decline Low dose High dose Placebo decline Low dose High dose
(n=545) (n=547) (n=555) (n=247) (n=261) (n=282)
-0.18 0.03 -0.35 -0.48
CDR-SB 1.55 047,012 -0.26, 0.33 1.79 -0.88, 0.18 -1.02, 0.06
(-12%) (2%) (-20%) (-27%)

15 Drug Approval Package: Aduhelm (aducanumab-avwa). Clinical Pharmacology Review.



IReason for Accelerated Approval

The need for treatments is urgent: right now, more than 6 million Americans are living
with Alzheimer’s disease and this number is expected to grow as the population ages.
Alzheimer's is the sixth leading cause of death in the United States.

Although the Aduhelm data are complicated with respect to its clinical benefits, FDA has
determined that there is substantial evidence that Aduhelm reduces amyloid beta plaques
in the brain and that the reduction in these plaques is reasonably likely to predict
important benefits to patients. As a result of FDA’s approval of Aduhelm, patients with
Alzheimer’s disease have an important and critical new treatment to help combat this
disease.

16

FDA, Aducanumab (marketed as Aduhelm) Information



IAdvisory Committee (2020.11.7)
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Medpagetoday, “No Love for Aducanumab From FDA Advisers"(https://www.medpagetoday.com/neurology/alzheimersdisease/89544)
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IMinimum Clinically Important Differences

20

302 Al 0| positive Study 2 T EIC} 552tz 18 22| CDR-SB -0.39 point
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MCID: CDR- SB -0.98 points (MCl), —-1.63 points (mild AD) (Alzheimers Dement 2019;
5, 354-363).
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1+ M| I 21 ? (Regulatory Capture)
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Commentary

Aducanumab (Marketed as Aduhelm)
Approval Is Likely Based on
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Baseline

One year
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IMisunderstanding of Amyloid PET Imaging
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ICIinicaI Pharmacologist’s View
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Limited Dose range defined from Phase 1 & 2
— Exposure-Response Relationship

— How about 20 mg/kg?

Imaging Biomarker = Pharmacodynamic Effect ?
Validation of Biomarker to Surrogate Endpoint

Ethnic Difference
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N EMA

« EMA Guideline (2018) for disease modifying Alzheimer
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