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Forward-looking statements
This presentation contains forward-looking statements, including statements made pursuant to the safe harbor provisions of the Private Securities Litigation Reform Act of 1995, relating to: our

strategy and plans; potential of our commercial business and pipeline programs; capital allocation and investment strategy; clinical development programs, clinical trials, and data readouts and

presentations; the enrollment of our clinical trials; regulatory filings and the timing thereof; the potential benefits, safety, and efficacy of our products and investigational therapies; risks and

uncertainties associated with drug development and commercialization; and the anticipated benefits and potential of investments, collaborations, and business development activities. These

forward-looking statements may be accompanied by such words as ñaim,òñanticipate,òñbelieve,òñcould,òñestimate,òñexpect,òñforecast,òñintend,òñmay,òñplan,òñpotential,òñpossible,òñwill,ò

ñwould,òand other words and terms of similar meaning. Drug development and commercialization involve a high degree of risk, and only a small number of research and development programs

result in commercialization of a product. Results in early stage clinical trials may not be indicative of full results or results from later stage or larger scale clinical trials and do not ensure regulatory

approval. You should not place undue reliance on these statements or the scientific data presented.

These statements involve risks and uncertainties that could cause actual results to differ materially from those reflected in such statements, including: our dependence on sales from our

products; difficulties in obtaining and maintaining adequate coverage, pricing, and reimbursement for our products; failure to protect and enforce our data, intellectual property, and other

proprietary rights and the risks and uncertainties relating to intellectual property claims and challenges; uncertainty of long-term success in developing, licensing, or acquiring other product

candidates or additional indications for existing products; failure to compete effectively due to significant product competition in the markets for our products; failure to successfully execute or

realize the anticipated benefits of our strategic and growth initiatives; risks relating to technology failures or breaches; the risk that positive results in a clinical trial may not be replicated in

subsequent or confirmatory trials or success in early stage clinical trials may not be predictive of results in later stage or large scale clinical trials or trials in other potential indications; risks

associated with clinical trials, including our ability to adequately manage clinical activities, unexpected concerns that may arise from additional data or analysis obtained during clinical trials,

regulatory authorities may require additional information or further studies, or may fail to approve or may delay approval of our drug candidates; the occurrence of adverse safety events,

restrictions on use with our products, or product liability claims; our dependence on collaborators, joint venture partners, and other third parties for the development, regulatory approval, and

commercialization of products and other aspects of our business, which are outside of our full control; risks associated with current and potential future healthcare reforms; failure to comply with

legal and regulatory requirements; the risks of doing business internationally, including currency exchange rate fluctuations; risks relating to management and key personnel changes, including

attracting and retaining key personnel; risks relating to investment in our manufacturing capacity; problems with our manufacturing processes; risks related to commercialization of biosimilars;

fluctuations in our operating results; fluctuations in our effective tax rate; risks related to investment in properties; the market, interest, and credit risks associated with our portfolio of marketable

securities; risks relating to our share repurchase program; risks relating to access to capital and credit markets; risks related to indebtedness; environmental risks; risks relating to the distribution

and sale by third parties of counterfeit or unfit versions of our products; risks relating to the use of social media for our business; change in control provisions in certain of our collaboration

agreements; actual timing and content of submissions to and decisions made by the regulatory authorities regarding aducanumab; uncertainty of success in the development and potential

commercialization of aducanumab; risks relating to the potential launch of aducanumab, including preparedness of healthcare providers to treat patients, the ability to obtain and maintain

adequate reimbursement for aducanumab and other unexpected difficulties or hurdles; and the other risks and uncertainties that are described in the Risk Factors section of our most recent

annual or quarterly report and in other reports we have filed with the U.S. Securities and Exchange Commission (SEC).

These statements are based on our current beliefs and expectations and speak only as of the date of this presentation. We do not undertake any obligation to publicly update any forward-

looking statements.

Note regarding trademarks: AVONEX®, PLEGRIDY®, RITUXAN®, SPINRAZA®, TECFIDERA®, and TYSABRI®, are registered trademarks of Biogen. BENEPALIÊ,FLIXABIÊ,FUMADERMÊ,

and IMRALDIÊare trademarks of Biogen. The following are trademarks of the respective companies listed: FAMPYRAÊïAcorda Therapeutics, Inc.; GAZYVA® and OCREVUS®ïGenentech,

Inc. Other trademarks referenced in this presentation are the property of their respective owners.
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VP, Late Stage Clinical Development

R&D Update
Al Sandrock, M.D., Ph.D.
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Michel Vounatsos

Chief Executive Officer

Overview
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Å Positive clinical results for aducanumab position Biogen to potentially lead the fight 

against Alzheimerôs disease

Å These data validate Biogenôs strategy to focus on an interconnected neuroscience 

pipeline and prioritization of targets supported by human genetics

Å Base business continued to deliver solid performance in Q3 2019 driven by strong 

execution against our strategic priorities

1

2

3

Executive summary
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Å Following discussions with the FDA, Biogen plans to submit a regulatory filing in early 

2020

Å The futility analysis in March 2019 was based on a smaller, earlier dataset with less 

exposure to high dose aducanumab. The result of the futility analysis was incorrect.

Å New analysis of larger dataset showed that aducanumab reduced clinical decline in 

patients with early Alzheimerôs disease as measured by the pre-specified primary and 

secondary endpoints

Å The positive results of this new analysis were driven primarily by greater exposure to 

high dose aducanumab in the larger dataset

Å If approved, aducanumab would become the first therapy to reduce clinical decline in 

Alzheimerôs disease 

1

2

3

4

5

Aducanumab summary
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3 steps from futility to today

1. Futility analysis 

based on earlier and 

smaller dataset

3. EMERGE is positive, 

ENGAGE believed to be 

supportive; plan to file

Å EMERGE and ENGAGE discontinued 

following a pre-specified futility 

analysis

Å The futility analysis was based on 

data available as of December 26, 

2018, from patients who had the 

opportunity to complete 18-month 

study period and predicted that the 

studies were unlikely to meet their 

primary endpoints upon completion

Å Following the discontinuation of the 

studies, additional data from these 

studies became available 

Å A new analysis of this larger dataset 

suggested a different possible outcome 

than that predicted by the futility 

analysis

Å Biogen consulted with external 

advisors and the FDA to better 

understand these different results and 

their potential implications

Å Biogen believes that the 

difference between the results 

of the new analysis of the 

larger dataset and the outcome 

predicted by the futility analysis 

was driven primarily by 

patientsô greater exposure to 

high dose aducanumab

2. Additional data become 

available; Biogen consulted 

external advisors and FDA
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Strong performance in Q3 2019

TOTAL

$3,439
$3,600

Q3 2018 Q3 2019

+5% +4%

PRODUCT NON-GAAPGAAP

+24%+17%

$2,780
$2,895

Q3 2018 Q3 2019

$7.15

$8.39

Q3 2018 Q3 2019

$7.40

$9.17

Q3 2018 Q3 2019

A reconciliation of our GAAP to Non-GAAP financial results is at the end of this presentation. 

Revenues ($M) Diluted EPS ($) 
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Strong progress implementing strategy in Q3 2019

ÅQ3 2019 MS revenues, including OCREVUS royalties, grew 2% to $2.3 billion

ÅBiogen global MS patients grew in the low single digits versus the prior year

ÅQ3 2019 SPINRAZA revenues grew in both U.S. and ex-U.S. versus prior year

Å~ 9,300 patients on therapy globally as of September 30, 2019*

ÅSignificant contribution from E.U., LATAM, and APAC; dosed first patients in China

ÅPositive data for VUMERITY#; tentatively approved in the U.S.

ÅAdded 19 clinical programs since Janô17; expect 9 mid- to late-stage readouts by YE:20

ÅBuilding a multi-franchise portfolio, leveraging the interconnectivity in neuroscience

ÅApproximately 180,000 patients on biosimilars+

ÅBiogen expects to contribute up to ú1.8 billion of healthcare savings in 2019 across 
Europe^

ÅGenerated $1.7 billion in net cash flows from operations

ÅRepurchased approximately 3.1 million shares in Q3 2019 for a total value of 
approximately $718 million

Maximizing the resilience 

of our MS core business

Accelerating our 

neuromuscular franchise

Continuous improvement and 

diligent capital allocation

Developing and expanding 

our neuroscience portfolio and 

pursuing therapeutic adjacencies

Unlocking the 

potential of biosimilars

* Includes patients on therapy across the post-marketing setting, the Expanded Access Program, and clinical trials. # VUMERITY is being developed in collaboration with Alkermes. The 

name VUMERITY has been conditionally accepted by the FDA and will be confirmed upon final approval. + Biogen data on file as of September 30, 2019. ^ Biogen data on file.
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Al Sandrock, M.D., Ph.D.

EVP, Research & Development 

and Chief Medical Officer

Review of 
Aducanumab Data

10
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Sufficient exposure to high dose aducanumab reduced 

clinical decline across multiple clinical endpoints

Å This reduction in clinical decline was statistically significant in 

EMERGE

Å Biogen believes data from patients who achieved sufficient 

exposure to high dose aducanumab in ENGAGE support 

the findings of EMERGE

Å After consultation with the FDA, we believe that the totality of 

these data support a regulatory filing

Å Patients included in the futility analysis had enrolled early in 

the studies and had lower average exposure to aducanumab

Å Two protocol amendments were put in place to enable more 

patients to reach high dose and for a longer duration

Å Differences between EMERGE and ENGAGE can mostly be 

accounted for by greater exposure to high dose in EMERGE

Phase 3 aducanumab data
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Samantha Budd Haeberlein, Ph.D.

VP, Late Stage Clinical Development

Detailed Aducanumab 
Update

12
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EMERGE and ENGAGE dosing regimens

Dosing 

Regimen

Placebo

Titrated 

Low Dose

ApoE4 non-

carriers 

(10 mg/kg)

ApoE4 

carriers 

(6 mg/kg)

ApoE4 non-

carriers 

(6 mg/kg)

ApoE4 

carriers 

(3 mg/kg)

ÅTwo identically designed Phase 3 studies

ÅEnrolled patients with mild cognitive 

impairment due to Alzheimerôs disease 

(AD) and mild AD dementia

ÅAll patients screened with PET* for 

elevated brain amyloid beta levels

Å~ 2/3 of patients were ApoE4 carriers in 

each study, well balanced across arms

ÅPrimary endpoint: CDR-SB# at 18 months

ÅAll treatment arms included titration

EMERGE/ENGAGE Overview

ApoE4 

carriers 

(10 mg/kg)

Protocol 

Amendment

Titrated 

High Dose

* PET = Positron emission tomography
# CDR-SB = Clinical Dementia Rating-Sum of Boxes
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EMERGE and ENGAGE timeline

August 2015: 

ENGAGE initiated

September 2015: 

EMERGE initiated

June 2017: 

Enrollment 

completed for 

patients included in 

the futility analysis

Larger dataset 

available, including 

additional data that 

became available after 

the pre-specified 

futility analysis

March 2019: 

Pre-specified futility 

analysis completed

July 2018: 

Full enrollment 

completed for both 

studies

December 2018: 

Futility analysis 

data cutoff date

July 2016: 

Protocol amendment -

Patients dose-suspended 

due to ARIA* to resume 

aducanumab treatment at 

the originally assigned dose

March 2017:

Protocol amendment -

ApoE4 carriers to titrate 

to 10 mg/kg

New Analysis

Implementation of Protocol Amendments

June 2019: 

FDA Type C 

Meeting

October 2019: 

FDA Type C 

Meeting

* ARIA = amyloid-related imaging abnormality



15

Futility Analysis Details

ÅConditional power = probability that primary efficacy endpoint analysis would be statistically significant in favor of 

aducanumab at the planned final analysis

ÅPrespecified criteria = both dose arms of both studies having less than 20% conditional power to meet the primary 

endpoint at the final analysis

o Criteria met in both arms of both studies

ÅPre-specified methodology (a well-accepted approach): Given identical study design , conditional power would be 

calculated using pooled data from both studies to predict the future behavior of the remaining patients 

o Pooling was believed to be a more powerful statistical methodology, assuming no large heterogeneity 

between the studies

ÅAt the time of the futility analysis, EMERGE was trending positive, while ENGAGE was not

ÅWe did not understand the drivers of these different results

o We did know that the protocol amendments could have had differential effects on the two studies due to the 

relative timing of enrollment, but we did not anticipate the magnitude of the effect this would have on the data

Pre-specified futility analysis
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a Subjects who have had the opportunity to complete week 78 visit by December 26, 2018.
b Subjects who have had the opportunity to complete week 78 visit by March 20, 2019.
cAll subjectsô data (data after March 20, 2019, are censored for efficacy analyses).

Outline of available datasets

Dataset Subject Population
EMERGE

n (%)

ENGAGE

n (%)

Futility Opportunity to Complete (OTC)a 803 (49%) 945 (57%)

Larger Dataset

Opportunity to Complete (OTC)b 982 (60%) 1,084 (66%)

Intent to Treat (ITT)c 1,638 (100%) 1,647 (100%)

Amyloid beta PET sub-study 485 (30%) 582 (35%)
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ITT Population OTC Population

% Reduction vs. Placeboa

p-value

% Reduction vs. Placeboa

p-value

Low dose

(N=543)

High dose

(N=547)

Low dose

(N=329)

High dose

(N=340)

CDR-SB
-14%

0.117

-23%

0.010

-16%

0.134

-23%

0.031

a: difference in change from baseline vs. placebo at Week 78. Negative percentage means less decline in the treated arm.

N: numbers of randomized and dosed subjects that were included in the analysis. Placebo = 548 (ITT) and 313 (OTC).

Primary endpoint of EMERGE (larger dataset)
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ITT Population OTC Population

% Reduction vs. Placeboa

p-value

% Reduction vs. Placeboa

p-value

Low dose

(N=543)

High dose

(N=547)

Low dose

(N=329)

High dose

(N=340)

MMSE
3% 

0.690

-15% 

0.062

3%

0.872

-23%

0.032

ADAS-Cog13
-14% 

0.167

-27%

0.010

-10%

0.410

-25%

0.038

ADCS-ADL-MCI
-16%

0.156

-40%

0.001

-20%

0.117

-46%

0.0002
a: difference in change from baseline vs. placebo at Week 78. Negative percentage means less decline in the treated arm.

N: numbers of all randomized and dosed subjects that were included in the analysis. Placebo = 548 (ITT) and 313 (OTC).

MMSE = Mini-Mental State Examination; ADAS-Cog13 = AD Assessment Scale-Cognitive Subscale 13 Items; 

ADCS-ADL-MCI = AD Cooperative Study-Activities of Daily Living Inventory Mild Cognitive Impairment Version

Secondary endpoints of EMERGE (larger dataset)
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ITT Population OTC Population

% Reduction vs. Placeboa

p-value

% Reduction vs. Placeboa

p-value

Low dose

(N=547)

High dose

(N=555)

Low dose

(N=370)

High dose

(N=345)

CDR-SB
-12%

0.236

2%

0.825

-8%

0.489

6%

0.627

MMSE
-6%

0.488 

3%

0.796 

-3%

0.741

13%

0.237

ADAS-Cog13
-11%

0.248

-12%

0.245 

-1%

0.950

-2%

0.874

ADCS-ADL-MCI
-18%

0.135

-18% 

0.152

-12%

0.434

-12%

0.405
a: difference in change from baseline vs. placebo at Week 78. Negative percentage means less decline in the treated arm.

N: numbers of all randomized and dosed subjects that were included in the analysis. Placebo = 545 (ITT) and 369 (OTC).

Primary and secondary endpoints from ENGAGE (larger dataset)
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Nominal p values: ***P<0.001 vs. placebo.
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Low Dose

High Dose

ENGAGE
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Placebo

Low Dose

High Dose

EMERGE

Baseline                Week 26                                      Week 78         Baseline              Week 26           Week 78

Placebo           157                            128                                                           74 203 164 104

Low Dose        157                            125                                                           79 198 166 116

High Dose       171                            136                                                           87 181 149 97

Amyloid PET SUVR: Longitudinal change from baseline
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CSF biomarkers of tau pathology and neurodegeneration in AD are 
reduced in aducanumab-treated subjects

ENGAGEEMERGE

CSF pTau

ENGAGEEMERGE

CSF total Tau

n.s. n.s. n.s.n.s.

CSF pTau and CSF total Tau measured at 18 months (data analyzed using ANCOVA); n.s. = not significant
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ENGAGE consistent with EMERGE in subset of patients with sufficient
exposure to 10 mg/kg aducanumab

Amyloid PET CDR-SB

ENGAGEEMERGE ENGAGEEMERGE

Wk 0         Wk 26                             Wk 78

PBO    157           128                                   90

ADU     55             46                                    43

Wk 0          Wk 26        Wk 50         Wk 78

546             532           437             297

147             146           146             127

Wk 0         Wk 26                               Wk 78

203*          164*                                 121*

44*            39*                                   31*

Wk 0          Wk 26         Wk 50         Wk 78

545             522            460             336

116             116            114              97

PBO = placebo

ADU = aducanumab

Placebo

Ó 10 uninterrupted 10 mg/kg 

dosing intervals at steady-state

*Corrected numbers above vs. numbers below 

from original slide posted on October 22, 2019:

Wk 0         Wk 26                               Wk 78

157            128                                    90

55              46                                     43

Corrected on 

October 28, 2019



23

Å The safety and tolerability profile of aducanumab in EMERGE and ENGAGE was 

consistent with previous studies of aducanumab

Å The most common adverse events were Amyloid-Related Imaging Abnormalities-Edema 

(ARIA-E, 35%) followed by headache (20%)

Å The majority of patients who experienced ARIA-E (74%) did not experience symptoms 

during the ARIA-E episode

Å ARIA-E episodes generally resolved within 4-16 weeks, typically without long-term 

clinical sequelae

Safety
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Å Across multiple clinical endpoints, the larger aducanumab 

dataset demonstrated a statistically significant reduction 

of clinical decline in early AD patients in EMERGE, and 

Biogen believes data from a subset of ENGAGE support 

these findings

Å Exposure to high dose aducanumab was important for 

efficacy

Å Differences in exposure to high dose aducanumab largely 

explain the different results between the futility analysis and 

the new analysis of this larger dataset, as well as the 

different results between the two studies

Å Following consultation with the FDA, Biogen believes it is 

reasonable to submit a regulatory filing for aducanumab 

based on these data 

Summary of Phase 3 aducanumab data
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Al Sandrock, M.D., Ph.D.

EVP, Research & Development 

and Chief Medical Officer

R&D Update

25



26

Core

Growth

Areas

Emerging

Growth

Areas

MS and Neuroimmunology

VUMERITY (diroximel fumarate)* ïMS

Opicinumab (anti-LINGO) ïMS

BIIB061 (oral remyelination) ïMS

BIIB091 (BTK inhibitor) ïMS

Neuromuscular Disorders 

including SMA and ALS

BIIB067 (tofersen) ïALS

BIIB078 (IONIS-C9Rx)
#ïALS

BIIB110 (ActRIIA/B ligand trap) ïSMA

BIIB100 (XPO1 inhibitor) ïALS

Parkinsonôs Disease and 

Movement Disorders

BIIB092 (gosuranemab) ïPSP

BIIB054 (Ŭ-synuclein mAb) ïParkinsonôs

BIIB094 (ION859) ïParkinsonôs

Alzheimerôs Disease 

and Dementia

Aducanumab (Aɓ mAb)*ïAlzheimerôs

BAN2401 (Aɓ mAb)*ïAlzheimerôs

BIIB092 (gosuranemab)ïAlzheimerôs

BIIB076 (anti-tau mAb)ïAlzheimerôs

BIIB080 (IONIS-MAPTRx)
# ïAlzheimerôs

Ophthalmology
BIIB111 (NSR-REP1) ïChoroideremia

BIIB112 (NSR-RPGR) ïXLRP

Immunology / Other
Dapirolizumab pegol (anti-CD40L)* ïSLE

BIIB059 (anti-BDCA2) ïCLE/SLE

Neurocognitive Disorders BIIB104 (AMPA) ïCIAS

Acute Neurology

BIIB093 (glibenclamide IV) ïLHI Stroke

TMS-007#ïAcute Ischemic Stroke

Natalizumab ïEpilepsy

BIIB093 (glibenclamide IV) ïBrain Contusion

Pain

BIIB074 (vixotrigine) ïTrigeminal Neuralgia

BIIB074 (vixotrigine) ïSmall Fiber Neuropathy

BIIB095 (Nav 1.7) ïNeuropathic Pain

: data readout expected by end of 2020Data
Å * Collaboration program; # Option agreement; MS = multiple sclerosis; ALS = amyotrophic lateral sclerosis; SMA = spinal muscular atrophy; PSP = progressive supranuclear palsy; XLRP = X-linked retinitis pigmentosa; 

SLE = systemic lupus erythematosus; CLE = cutaneous lupus erythematosus; CIAS = cognitive impairment associated with schizophrenia; LHI = large hemispheric infarction 

Ph2

FDA Tentative Approval

Ph1

Data

Ph1

Ph1

Ph1

Ph3

Ph1

Ph2

Ph2

Ph3

Ph2

Ph1

Ph1

Ph3

Ph2/3

Ph2

Ph2

Ph2 Data

Ph3

Ph2

Ph2

Data

Data

Ph2

Ph2

Ph1

Data

Data

Data

Data

Data

Nine mid- to late-stage readouts expected by end of 2020

Ph3

Ph1

Ph2
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Continuing to expand 
our market-leading 
MS portfolio

Announced positive topline results from 
EVOLVE-MS-2, a Phase 3 study of diroximel
fumarate (VUMERITY*)

ÅDiroximel fumarate was statistically superior to 
TECFIDERA on the pre-specified primary 
endpoint, the Individual Gastrointestinal Symptom 
and Impact Scale (p=0.0003)

ÅProportion of patients who discontinued due to 
gastrointestinal (GI) adverse events: 0.8% for 
diroximel fumarate and 4.8% for TECFIDERA

VUMERITY is tentatively approved by FDA

* VUMERITY is being developed in collaboration with Alkermes. The name VUMERITY 
has been conditionally accepted by the FDA and will be confirmed upon final approval.


