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- Biogen.

Company Biogen Inc.
Date 5/4/2017
Fiscal Year Ends 12/31/2016
Current Price $268.60
52 Week High (8/2/2016) $307.33
52 Week Low (6/27/2016) $205.43
Market Cap $56,974.1M
Enterprise Value $57,771.3M
Total Debt $6,514.2M
Cash $5,705.4M
Net Debt/Enterprise Value 1.40%
Dividends None
Shares Outstanding/Float |212.1M/211.4M
Current P/E 14.91x
2018 P/E (EPS Mean Est.) | 11.89x($22.59)
2017 P/E (EPS Mean Est.) | 13.07x ($20.55)
2016 EPS $20.22
2015 EPS $17.01
2014 EPS $13.83

*Based on consensus estimates as of market close on 5/4/2017 (Source: Bloomberg Terminal)



Investment Thesis for Biogen Inc. (NASDAQ: BIIB) by Alex Serafini

Table of Contents

EXECUTIVE SUMMIAIY ittt e e e ettt e e e e e s ettt e e e e e e s s b b beeeeeeeessaaasbbeaeeeeesssaansenaaaeeesanan 4
(01 1 T AT Lo N 2T & PRSPPI 4
T CE [ ol s O 111V £ £ PRSP 4
(0] oY=l =N o o = IO Y =] V2] YRR 5
RISKS ettt ettt ettt ettt b e bt bt a et et e bt e b e e s R et e a b e st e e bt e bt e b e e ehe e e Rt e et e eteenbeenreenaee e 5
COMPANY DESCIIPEION ..eeetiiteeeeet ettt ettt e e e e s ettt et e e e e e e s s aabetteeeee e s assbeaeeeeesesaanssnaaaeeessnsannnnes 5
OVEBIVIBW ..ttt ettt ettt ettt e e ettt e s ettt e s e b e et e e aas e e eesaaneeeesaans e e e e e s be e e e s anr et e e sanseeeesnnnneesansreeesannnneenan 5
CUIrENT BUSINESS SEEMENTS .. e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeseeaeesessannnanas 6
HiStOriCal PEIrfOrMANCE ...coouiiiiiiie ettt ettt ettt sat e sttt e b e b e e s be e saeeeaeeennean 12
Y oo [T I N T4 oY o4 o o -SSP 17
Historical Drug ProjECHIONS ....cciicciiiieiiiieee ettt e et e e et e e e s bee e e e sbaeeeesbteeessaseaeessseeeessnnes 18
FIrst-YEar Drug PrOJECLIONS ...cciiiiiieiiiiieeiee ettt e ettt e e e e s st e e e e e s s e sabbbteeeesssssnsbtsaaeeessssssnnsnnes 19
oY T T B U= o o Y=Yt oY o Ly PNt 20
Assumed Prices and Penetration ValUES .........cooioiiiiiiiiiiiieiiente ettt e 22
MO RESUIES ..ttt et st et e st e s bt e e bt e e s be e e s abeesabeesabeeesabeesbaessbeesbeeenanes 24
o VA =Y =T 0 g1t o A 0 T T A2 26
YT o] FE A o 1 ] PSP 33
HiStOrICAl INSIAEE TraO@S. ..ttt ettt sttt et b e bt s at e st e et e e nbe e sbeesaeesatesabeebeennes 35
Additional FACtOrs t0 CONSIAET ....cccutiiiiiiiiieeiee ettt ettt ettt ettt e bt e sae e sat e st e et e e beesbeesbeesaeeeanean 37
Area-Specific Price REGUIATIONS. ....cci it e e see e e et re e e e sabe e e s e nabeee e enaneeas 37
The Future of the Affordable Care Act (ACA) — Repeal versus Remain .........ccccceveecveeecieeccieeeceee e 38
CONCIUSTON ..ttt ettt e b e bt e she e s at e et e e bt e bt e sheeeabesabeeab e e bt e bt e sbeeeaeeeateebeenbeesbeesaeenas 38



Investment Thesis for Biogen Inc. (NASDAQ: BIIB) by Alex Serafini

Executive Summary

Biogen Inc. (NASDAQ: BIIB), based out of Cambridge, MA, is a pharmaceutical company focused
on neurodegenerative diseases, with its primary portfolio consisting of treatments for multiple
sclerosis (this portfolio retains 38% of the world’s multiple sclerosis treatment market share).
Over the recent years, Biogen has narrowed its focus to neurodegenerative diseases by
spinning off its hemophilia business and investing heavily in Alzheimer’s disease Research and
Development (R&D), for which it currently holds the most promising early Alzheimer’s disease
phase three clinical trial prospects on the market (ADUCANUMAB and E2609). The company has
also taken several measures to cut costs and prepare for future increases in product demand
including but not limited to selling unnecessary plants and purchasing new facilities that are fit
for manufacturing its pipeline drugs. Lastly, Biogen holds a group of executive officers who have
had extensive experience in the medical field and are paid via the “Say on Pay” compensation
plan, which is mainly performance based and therefore beneficial to investors.

In order to estimate Biogen’s fundamental value, we analyzed its historical financials and recent
SEC filings, including its 2016 10-K and DEF 14A. By utilizing a Probabilistic Discount Cash Flow
Model (P-DCF, a model that combines financial statement projections with Monte Carlo
simulations), we projected a probability distribution of estimated cash flow per share to
determine the fundamental value of Biogen. Our analysis arrived at a share price of $282.09, a
5.02% upside from the current share price, after the use of conservative assumptions. For these
reasons, we rate BIIB as a

Catalysts and Risks

Research Catalysts

e ADUCANUMAB, BIIBs monoclonal antibody against beta amyloid (AB) plaques in early-
onset Alzheimer’s Disease (eAD), was given the European Medicines Agency’s (EMA)
Priority Medicine (PRIME) designation, as well as the U.S. Food and Drug
Administration’s (FDA) Fast Track designation, both of which expedite the clinical trial
and approval process for this drug (which is currently under the Phase 3 Trials ENGAGE
and EMERGE).

e E2609, a B-secretase (BACE) inhibitor created in collaboration with Eisai Co. Ltd. entered
Phase 3 (in the United States), after promising Phase 2 results demonstrating the
prevention of AP plaque formation.

e ADALIMUMAB (SB5), a biosimilar referencing HUMIRA in the treatment of various
forms of psoriasis (made in collaboration with Samsung Bioepis) had its Market
Authorization Application (MAA) submitted to the European Commission (EC) in late
2016. HUMIRA was the highest selling drug in the world in 2016, thus approval of the

MAA has significant revenue implications for BIIB.!

1 MarketWatch (April 26, 2016). “The World’s 15 Top Selling Drugs.” Retrieved from:
http://www.marketwatch.com/story/the-worlds-15-top-selling-drugs-2016-04-26.
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Multiple drugs currently being tested by Genentech under its anti-CD20 collaboration
with BIIB have shown promising clinical results compared to gold standard treatments.

Operational Catalysts

Risks

In an effort to centralize BIIBs product focus, it has spun off its hemophilia business as
Bioverativ (NASDAQ: BIVV), from which BIIB shareholders have received 1 BIVV share for
every 2 BIIB shares. This allows more efficient capital allocation to R&D in BIIBs
promising MS and eAD pipelines.

BIIB has subleased its rights to Brammer Bio MA, LLC, a manufacturing facility in
Cambridge, MA, while also letting go of several workers in its restructuring effort (a
transaction that resulted in $7.4 million in severance costs). This has allowed for
increased capital allocation to plant purchases for its more promising drugs including
biosimilars and its eAD drugs.

Although BIIBs Phase 3 and filed drugs have high promise with regards to
commercialization, there is the risk that the final round of clinical trials will result in
below-end point results or that adverse effects could be encountered after
commercialization, both of which would result in harm to revenues and share price.
BIIB relies heavily on collaborations and single active ingredient suppliers for most of its
drug portfolio, which means BIIBs performance is at risk of third party
underperformance.

BIIB has been subjected to patent infringement litigations, which may lead to large
settlement fees and/or large royalty payments. For instance, in 2016 BIIB entered
litigation with Forward Pharma which resulted in a $1.25 billion settlement payment to
Forward Pharma.

BIIBs global exposure means that drug regulation, pricing, and distribution vary widely,
leading to risks such as fines and product revenue loss.

Company Description

Overview

Biogen was founded in 1979 by a group of scientists, including Nobel Prize winners Walter
Gilbert and Phillip Sharp. The Company was listed on NASDAQ in 1983 after developing
leukemia and hepatitis B treatments. In 1996, Biogen began its world-renowned Multiple
Sclerosis drug portfolio with AVONEX, an interferon-based treatment for relapsing MS (rMS). In
2003, Biogen and IDEC Pharmaceuticals merged to create Biogen Idec, which listed on NASDAQ
as BIIB (although its name returned to Biogen Inc. in 2015). In 2016, Biogen became the first
company to treat spinal muscular atrophy (SMA) and spun off its hemophilia assets through a
publicly traded company, Bioverativ (NASDAQ: BIVV). The company’s current primary focus is
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its MS and SMA portfolio, though it has extended its focus to diseases including psoriasis, eAD,
and biosimilars.?

Biogen'’s largest competitors by disease-specific drug revenues are:

1. Multiple Sclerosis: Novartis (GILENYA & EXTAVIA), Bayer (BETASERON), Teva/Sanofi
(COPAXONE), Merck (REBIF)
2. Biosimilars:
a. Reference Drugs: AbbVie Inc. (HUMIRA), Amgen (ENBREL), Johnson &
Johnson/Merck (REMICADE)
b. Other Biosimilars: Amgen (AMJEVITA —ref. HUMIRA), Pfizer (INFLECTRA — ref.
REMICADE), Sandoz (ERELZI — ref. ENBREL)

Biogen is sold on the NASDAQ with a market cap of $56.97 billion and is specifically in the
biotech segment. Primary competitors in this segment include Amgen, Gilead, and Celgene.
Biogen controls 40.42% of the MS Immunomodulator industry (worth a cumulative $9.8 billion,
mostly through their drug TECFIDERA). Furthermore, Biogen has introduced a series of
generic/biosimilar drugs that reference Remicade, Enbrel, and Humira. These three drugs
cumulatively make up 89.35% of the anti-Tumor Necrosis Factor (a key player in inflammatory
responses) industry, a $37.1 billion segment that takes up the majority of the
immunosuppressant market (thus, giving Biogen a large target population for its new
biosimilars portfolio). Biogen’s strong MS and biosimilars portfolios are further underpinned by
its penetration into new disease markets, such as eAD and SMA, for which Biogen’s
pipeline/recently approved drugs are the first of their treatment type for the disease or the
only treatment for the disease. Ultimately, Biogen’s portfolio and R&D direction make it a
strong competitor within the biotech industry.

Current Business Segments?

1. Multiple Sclerosis

Multiple Sclerosis is a neurological disease in which oligodendrocytes (cells that allow
for high speed conduction of electrical impulses in the central nervous system, leading
to actions such as movement) are targeted and lesioned due to autoimmunity. This can
result in loss of muscle control, paralysis, slowing of cognitive function, and possibly
death. The disease presents with progressive or relapse/relapsing-remitting symptoms
(refer to Figure 1). BIIB has a wide range of MS-targeting drugs that are sold globally.

Tecfidera: small organic oral therapy that reduces relapses and brain lesion
development, as well as progression of MS.

2 Biogen Inc. (2016). “A biotech pioneer.” Retrieved from: https://www.biogen.com/en_us/about-
biogen/history.html.
3 Biogen Inc. (2016). “Therapies.” Retrieved from: https://www.biogen.com/en_us/therapies.html.
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Avonex: biologic interferon beta-1a that reduces relapses and slows disease
progression.

Plegridy: biologic peginterferon beta-1a (pegylation extends the half-life of the drug,
reducing the necessary dosing frequency) that reduces relapses.

Tysabri: biologic monoclonal antibody that reduces relapses and is particularly effective
for highly frequent relapse-remitting conditions.

Zinbryta: biologic monoclonal antibody used for relapsing conditions if two or more MS
therapies have failed due to increased risks associated with the drug (made in
collaboration with AbbVie Inc.).

Fampyra: small organic oral therapy that improves walking abilities in MS patients and
can be used in conjunction with immunotherapeutic MS drugs (made in collaboration
with Acorda Therapeutics, Inc.).

CLASSIFICATION OF MULTIPLE SCLEROSIS

PRMS Progressive Relapsing MS
Steady decline since onset with super-imposed
attacks.

Increasing Disability —_—

SPMS Secondary Progressive MS
Initial RRMS that suddenly begins to decline without
periods of remission and relapses.

PPMS Primary Progressive MS
Gradual progression of the disease from its
onset with no relapses or remissions

RRMS Relapsing/ Remitting MS
Unpredictable attacks which may or may not leave
permanent deficits followed by periods of remission

Time — =—

Figure 1. The various classifications of MS. BIIB focuses on the PRMS and RRMS classifications, with the potential
to extend drug use to the remaining classifications.* Genentech recently gained approval on its MS drug, OCREVUS,
which will be used to treat relapsing and primary progressive forms of MS. Although Biogen will receive royalties on

OCREVUS revenues, the drug will compete with several of Biogen’s MS portfolio drugs.

4 Premier Neurology and Wellness Center (July 17, 2015). “Multiple Sclerosis.” Retrieved from:
http://premierneurologycenter.com/education/multiple-sclerosis/.
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2. Spinal Muscular Atrophy

SMA results from motor neuron death in the spinal cord and lower brain stem, leading
to progressive muscular degeneration and weakness. The severity of this disease is
directly linked to the level of survival motor neuron protein (SMN) a patient has, which
can decrease significantly with genetic mutations or loss of the SMN1 gene. The disease
presents as three different tiers, with progressively fewer symptoms: Type 1 (little to no
SMN and most severe), Type 2, and Type 3 (less severe due to greater amounts of SMN).
BIIB currently has the only commercially available SMA treatment, SPINRAZA, which has
been designated as an orphan drug and was recently recommended by the European
Medicines Agency for broad indication, suggesting future sales outside of the United
States.®

2017 Q1 Spinraza revenues reached $47 million, which far exceeded analyst
expectations, aligning with management’s goal to anchor a large portion of future
revenues to this SMA drug.® This, along with the company’s efforts to expand health
plan coverage and administration sites, present data from its CHERISH, NURTURE, and
ENDEAR trials, and reach out to the community through newborn screening
partnerships and free drug administration reflects positively on Biogen’s abilities to
increase market penetration and improve prospects for future sales. Biogen has also
begun the process of applying for drug approval on the international scene (including
Canada, Europe, Japan, and Australia).

Spinraza: anti-sense oligonucleotide therapy intended to reduce the severity of early-
and late-onset spinal muscular atrophy by targeting SMN gene mutations on
chromosome 5q, with the goal of increasing the amount of SMN protein within patients
(made in collaboration with lonis).

3. Biosimilars

BIIBs biosimilar portfolio is focused on referencing biologic therapies focused on
diseases such as psoriasis (various forms, as well as arthritis stemming from this
condition), Crohn’s disease, ulcerative colitis, spondylitis, and spondyloarthritis.
BENEPALI references ENBREL, while FLIXABI references REMICADE. Biogen’s biosimilar
revenue growth of 25% from 2016 Q4 to 2017 Q1 suggests strong future earnings in this
branch of the drug portfolio.’

5 Stephen, A (April 21, 2017). Seeking Alpha. “EMA hands down a number of recommendations.” Retrieved from:
https://seekingalpha.com/news/3258752-ema-hands-number-recommendations?uprof=10&dr=1#email_link.

6 Seeking Alpha (April 25, 2017). “Biogen Inc. 2017 Q1 — Results — Earnings Call Slides.” Retrieved from:
https://seekingalpha.com/article/4064873-biogen-inc-2017-q1-results-earnings-call-slides.

7 |bid.
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Benepali: biosimilar referencing ENBREL that treats diseases including rheumatoid
arthritis, psoriatic arthritis, axial spondyloarthritis, and plaque psoriasis, specifically after
failed treatment with disease-specific drugs.

Flixabi: monoclonal antibody biosimilar referencing REMICADE that treats diseases
including rheumatoid arthritis, various forms of Crohn’s disease, ulcerative colitis,
ankylosing spondylitis, psoriatic arthritis, and plaque psoriasis, specifically after failed
treatment with disease-specific drugs.

4. Plaque Psoriasis

Plaque psoriasis is an inflammatory skin disorder that leads to scaling patches of skin
that can be itchy or painful. BIIB currently holds one drug, FUMADERM, in its portfolio
for the treatment of this disease.

Fumaderm: small organic oral therapy that reduces psoriatic symptoms, specifically
after failure of topical treatments.

The revenues from these drugs (net of hemophilia segment and Genentech collaboration
revenues) are summarized in Table 1 below, and have shown growth year-over-year for the
past five years.
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Historical Data [#in millions)
Fizcal''aar 2012 2013 2014 2015 2016
Met Sales by Diseasze & Orug
Modriple Sclerasis 4906.4 54521 G006.5 g582.3 89513.5
Revenue growth rate 33.5004 45,05 20w 276
Margin on total net sales 35.574 35,914 33,257 33,4004 38,314
TECFIDERA ] 2761 2903.2 36384 39681
Feverue growth rate 232,06 2507 .06
Margin on total net sales 0,00 15,81 36,055 42 14 44, 250
AVOMNES 25131 30055 30131 2E630.2 23135
Feverue growth rate 37 0,255 =127 =12, 045
Margin on total net sales 53,920 5. 253 3734 30,465 25,73
PLEGRIC ] ] d4d 5 3385 4517
Feverue growth rate EE0.ET 42,300
Margin on total net sales 0,00 0,00 0552 398 53T
TSaBRI 1354 15265 13535 15861 1963.5
Feverue growth rate 3. 390 2837 =375 4125
Margin on total net sales ZT.ETH 27.5d 24,28 2184 21830
FAMPY'RA 5rd Td g0z 8.7 gd.3
Reverue growth rate 28,927 5538 .85 -5, 357
Margin on total net sales 1,385 134 0,392 1045 0,95
ZINERTA 1] 1] 1] 0 .5
Reverue growth rate
Margin on total net sales 0,003 0,003 0,003 0,00 0,09
Frher Prodast Povenuss AT BO.2 E2.5 514 1512
Reverue growth rate 0.5 3527 =17 76 134162
Margin on total net sales 1435 109 0,77 0,60 169
FUMADERM AT BO.2 E2.5 514 45.3
Reverue growth rate 0.5 3527 =17 76 =10.70%;
Margin on total net sales 1435 109 0,77 0,60 0.57%
SPINRAZA u] u] u] 0 4.6
Revenue growth rate
Margin on tatal net sales 0,00 0,00 0,00 0.00%; 0.05%
BEMEFALI u] u] u] 0 100,65
Revenue growth rate
Margin on tatal net sales 0,00 0,00 0,00 0.00%; 112
FLI=ABI u] u] u] 0 0.1
Revenue growth rate
Margin on total net sales 0.00; 0.00; 0.00; 0.00%; 0.00
Faeal Sates 41661 55425 Goe3 g634.3 3971
Revenue Growth v 5305 45,553 O 3900

Table 1. BIIB total drug sales (net of hemophilia products and royalty-yielding collaborations). This demonstrates
Biogen'’s ability to consistently grow its overall, in-house drug sales YOY.

Source: BlIB SEC 10-K (2017)

As mentioned before, BIIB is involved in collaborations with other companies, resulting in
shared profits and royalties. These revenues are presented in Figure 2 below.

10
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Genentech (Roche Group) Other Royalty and Corporate Revenues
For the Years ended December 31, 2016, 2015 and 2014 For the Years ended December 31, 2016, 2015 and 2014
$1.314.5 $1,230.2 $277.1
$1,105.4 $230.6 §246.0
$78.3 $69.3
o
2 ™ $167.0
'é $1,2495 $1.,269.8 $1.117.1 g $119.5 3$176.7
s =
$46.5 347.5
2016 2015 2014
T T T
2016 2015 2014
. Biogan's share of pratax profits
= Fevenue on sales in the rest of world Royalty Other corporate

Figure 2. External revenues through collaborations, royalties, and other corporate matters (includes amounts
received from contract manufacturing facilities). Biogen makes a significant portion of its overall revenue from its
Genentech collaboration (left), which is somewhat concerning as several of the drugs produced through this
relationship compete directly with Biogen’s own drug portfolio. However, this could also be considered a form of
security against competitive drugs, as Biogen makes revenue off of competitor sales as well. Other royalties and
corporate revenues (right) include income from collaborations with Sobi (for the drugs ELOCTA and APROLIX,
Hemophilia A and B treatments) and income from contract facilities, respectively.

Source: BlIB SEC 10-K (2017)

Management has suggested BIIB will rely primarily on its MS portfolio and SMA treatment.
However, the diversification of its overall portfolio, along with a strong pipeline for treating eAD
suggests that the company is prepared for heightening competition in the MS and SMA
markets. Biogen further expanded its Alzheimer’s portfolio by deciding to license a Phase 1 anti-
tau antibody from Bristol-Myers Squibb for $300 million in April & BIIBs primary Alzheimer’s
disease competitor, Eli Lilly, recently saw its late stage SOLANEZUMAB (a monoclonal antibody
targeting soluble AB monomers) fail to reach its endpoint in late 2016.° Because ADUCANUMAB
targets insoluble plagues and has demonstrated dose-dependent decreases in AR plaque
concentrations (which SOLANEZUMAB was not able to accomplish), it has the potential to be
one of the most effective Alzheimer’s treatments in history.

8 Seeking Alpha (April 18, 2017). “For $300M, Biogen Beefs Up Its Alzheimer’s Attack.” Retrieved from:
https://seekingalpha.com/article/4063167-300m-biogen-beefs-alzheimers-
attack?auth_param=1e07aj:1cfcs9e:507e79e70ec2ec8784d537cdae58179a&uprof=10&dr=1.

9 Court, E (November 28, 2016). MarketWatch. “Biogen in promising but risky limelight after Eli Lilly’s Alzheimer’s
drug fails.” Retrieved from: http://www.marketwatch.com/story/biogen-in-promising-but-risky-limelight-after-eli-
lillys-alzheimers-drug-fails-2016-11-25.

11
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Historical Performance®®

In 2016, BIIB totaled $9.82 billion in product revenues, an increase of 6.85% from 2015
(primarily due to its MS portfolio drugs, TECFIDERA and TYSABRI), which resulted in over $4.52
billion in net, operational cash flows per Biogen’s 10-K. BIIB has consistently grown its sales
over the last five years, achieving an average a year-over-year (YOY) growth rate of 24.98%.
What is most impressive is BIIBs operational efficiency; the company has an average EBITDA
margin on net sales of 46.57%. This high EBITDA margin is largely a result of low and stable cost
of sales gross margin (averaging 9.28% of net sales over the last five years).

On the balance sheet, there is a 37.75% increase in goodwill between 2015 and 2016 which can
be partially attributed to payments to Fumapharm AG shareholders after its acquisition in 2006
(and its products, FUMADERM and TECFIDERA). Biogen must pay contingent fees to
Fumapharm shareholders based on the revenues yielded from these two drugs, the sum of
which are directed to the goodwill account on the asset side of Biogen’s balance sheet (based
on the accounting standards for business combinations at the time of acquisition). Upon
reaching $11.0 billion in cumulative sales from these two drugs by 2016 Q4, Biogen owes $300
million in contingent payments (with $300 million in additional payments for every $1.0 billion
in sales if the prior 12 months of sales exceeds $3.0 billion; this contingent contract ends upon
reaching $20.0 billion in sales from the Fumapharm AG acquired drugs). Besides the significant
leveraging activities of 2015 (discussed in the debt analysis), BIIB has maintained stable
financials over the last five years.

Regarding invested capital (working capital and long-term assets), BIIB has a large average
yearly growth in working capital of 4.38% (margin on net sales) and a capital expenditures
growth averaging 25.83% (margin on net sales). Although this would normally be of concern as
it could require high leveraging by the company, management has indicated a preference
towards using free cash over direct leveraging for invested capital, which is reflected by its low
average interest expense margin on total debt of 0.33% and net debt over enterprise value of
1.40% (although this trend might change soon due to their 2015 $6.0 billion senior unsecured
note issuance). The high capital expenditures are a result of restructuring activities that include
the recent purchasing of Eisai Co. Ltd.’s RTP, North Carolina factory and the acquisition of land
for a new plant in Solothurn, Switzerland.

BIIB had an average long-term asset turnover (Net Sales/Long-term Assets) of 0.85 between

2012 and 2016. Although this is low (and reflects poorly on either the company’s ability to sell
products or properly allocate capital) by overall standards, it is important to consider that the
abovementioned purchases of property, plant, and equipment will benefit expected increases
in future product demand. Furthermore, drug production equipment must abide by the FDA’s
current Good Manufacturing Practices (cGMPs), which requires pharmaceutical companies to

10°y.S. Securities and Exchange Commission. “Biogen Inc. 10-K.” Retrieved from: https://www.sec.gov/cgi-
bin/browse-edgar?action=getcompany&CIK=0000875045&type=10-k&dateb=&owner=exclude&count=40.

12
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pay a premium for equipment that meets these standards (as well as for maintenance of such
facilities).

Regarding debt, BIIB had been able to adequately cover its debt with operation income up until
2014. In 2015, BIIB issued $6.0 billion in senior unsecured notes, leading to a Total Debt:EBITDA
ratio that surpassed 1.0x. However, the ratio has since decreased slowly as EBITDA continues to
creep upwards while the company’s current maturities and notes payable remain constant
(refer to Figure 3).

Biogen's Ability to Operationally Cover Debt

7000 1.4

6000 1.2
5000 1 <
o)
A =
© 4000 0.8 @
-é %
.£ 3000 0.6 2
v ©
S

2000 0.4

1000 0.2

0 0

2012 2013 2014 2015 2016

s Total Debt/EBITDA e====Total Debt e EBITDA

Total Debt = Short-Term Liabilities (current maturities) + Long-term Liabilities

Figure 3. Biogen’s ability to operationally cover its debts. BIIB has consistently shown an ability to leverage itself in
a managable manner, even after a heavy unsecured senior note issuance in 2015. Furthermore, its steadily
increasing EBITDA suggests solid operational activities.

Source: BlIB SEC 10-K (2017)

A look at Biogen’s debt schedule reveals that debt is spread out well over time (refer to Capture
1), suggesting it can be easily refinanced or paid-off by excess cash flows if necessary, with the
company reporting over $4.52 billion in net, operational cash flows in 2016 (more than any
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principal payment due over the next 30 years). Furthermore, cash and cash equivalents have
been increasing steadily over the last 5 years at an average rate of 47.99% YOY. BIIB also
entered a five-year, $1.0 billion revolver agreement in 2015, with a consolidated leverage ratio
covenant that prevents BIIB from exceeding a debt ratio of 3.5 to 1.

BIIB US § et ’ 0272.69 /272,791 11x1
€ At 17:20 d Vol 1,589,017 0 274.080 H 274,790 L 271.29F Val 433 62M
) View All Maturities ) Actions - 1D Settings Debt Distribution
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Bonc '-_ ) <idd Comparisony TIEdit
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To Maurity [
o4/ 17|
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Loans Muni
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Bloomberg Terminal Capture 1. BIIB debt schedule. Future debt maturities are relatively spread out, and
considering Biogen still has investment-grade credit ratings from both Moody’s and S&P, the company should be
able to refinance or tap into its revolver in a worst case scenario.

Source: Bloomberg Terminal (accessed 4/3/17); Command <DDIS>

Based on the aforementioned leveraging activities, BIIB has been given the following credit
ratings: Moody’s long-term (Baal) and senior unsecured debt (Baal) with a negative outlook,
and S&P long-term foreign issuer credit (A-) and long-term local issuer credit (A-) with a stable
outlook. The negative outlook is most likely attributed with the recent $6.0 billion issuance of
senior unsecured notes. However, these ratings indicate that BIIB is still investment grade.

BIIBs current bond yields in both the short- and long-term are slightly below the USD US Health
Care BBB+, BBB, BBB- yield curve, suggesting that BIIB bonds are selling at high prices and the
public is confident in the company’s ability to pay back debt (refer to Capture 2). This coincides
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with positive analyst recommendations regarding the purchase of Biogen’s common stock
(refer to Capture 3), which has trended similarly to its peers’ stocks (refer to Capture 4).

USD US Health Care BBB+ Actions - 98 Table Settings - Graph Curves

mm/dd/ ~ | Last 10 1w 1M . W&Rcbtwev.)lm
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Lingagore
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Bloomberg Terminal Capture 2. Biogen’s current bond yields. Biogen current bond yields with respect to its peer
group (measured through the US Health Care BBB+, BBB. BBB- index, a collection of bonds from biotechnology and
pharmaceutical companies of similar credit rating as Biogen). The lower yield suggests investors are confident in
Biogen’s ability to pay back debt in the short-term, as the bonds are selling at a premium to the comparison index.
In the long-term, investors expect Biogen to pay off its debt as well as its peers.

Source: Bloomberg Terminal (accessed 4/3/17); Command <GC>
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Bloomberg Terminal Caputure 3. Analyst recommendations and forecasts. Analyst recommendations for BlIB
stock appear positive or neurtral, with our model’s estimated free cash flows per share being within the analysts’
target price projection range.

Source: Bloomberg Terminal (accessed 4/11/17); Command <ANR>
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Bloomberg Terminal Capture 4. Comparison to peer stock trends. Biogen’s share price trends very similarly with
the NASDAQ Biotech Index (NBI), as well as the iShares NASDAQ Biotechnology ETF (that shadows the performance
of several NASDAQ biotech companies as well). This suggests that many factors affecting Biogen’s share price will
also affect those of its peers.

Source: Bloomberg Terminal (Accessed 5/4/17); Command <GP>

Model Assumptions!?

The values used for our P-DCF and Monte Carlo simulations differed based on the current
status of individual drugs in order to be as company-specific and as accurate as possible. There
are three drug status variations discussed in further detail below: 1) historical drugs, 2) first-
year drugs, and 3) pipeline drugs. Regarding values associated with expenses and capital
allocation, some values were adjusted to reflect company trends more accurately, such as the
removal of certain major, non-recurring expenses. These adjustments were kept in-line by
historical model tuning parameters, which comprise of 1) free cash flow return on invested

11 U.S. Securities and Exchange Commission. “Biogen Inc. 10-K.” Retrieved from: https://www.sec.gov/cgi-
bin/browse-edgar?action=getcompany&CIK=0000875045&type=10-k&dateb=&owner=exclude&count=40.
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capital (FROIC = Free Cash Flow/Invested Capital), 2) potential free cash flow yield (PFCFY = Free
Cash Flow/Total Revenues), 3) long term asset turnover (LTAT = Total Revenues/Long-term
Assets), and 4) Long-term Assets/Invested Capital. By anchoring our adjustments to the
historical maxima, minima, and averages of these metrics, we were able to maintain a more
realistic projection of the company’s future.

In accordance with these “guiderails”, the following adjustments were made to the historical
values available in the ‘Value Drivers’ tab of the accompanying spreadsheet. Considering
PLEGRIDY has only been available on the market for three years, we disregarded the growth
from year one to year two (660.67%) and chose the year two to year three growth rate of
42.30% for our historical projections (this approach was taken for TECFIDERA revenues as well).
The remaining historical drug revenue growth adjustments comprised of choosing the CAGR
instead of the average value over the previous two to five years, as the CAGR values tended to
be more conservative. Lastly, our invested capital metrics were adjusted to remain close to the
historical model tuning parameters (annual growth in working capital: 0.00%; annual capital
expenditures: 15.00% of total revenues).

Historical Drug Projections

Historical Individval Drug Growth Rate m Negative YOY Growth

(2 2 rev-yielding years) period}i]c' (by year 10)
growt
decline

Diagram 1. Historical drug projection approach.

Within the historical revenue projections, individual drug growth rates (which are based on
two- to five-year historical growth, as a percentage of total drug sales) were depreciated in two
manners: 1) bi-annually (except for PLEGRIDY, which was depreciated annually to
conservatively attenuate its high, early growth) to attain a negative YOY growth rate by the
tenth projected year (unless current drug growth is already negative, which resulted in no
artificial depreciation) and 2) deduction of a drug’s assumed growth rate by 10% upon
expiration of U.S. or E.U. government exclusivity (except for Tysabri, which demonstrated
growth despite 2016 expirations in both European and US exclusivity — thus we only reduced
growth by 5% for each of these expirations) — refer to Diagram 1. These assumptions reflect the
highly competitive pharmaceutical environment, especially after regulatory exclusivity periods
end.
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First-Year Drug Projections

Reflection of Biogen's outreach
capabilities to the existing, total
patient population {considering
improvements over time, Biogen

should be able to recruit at least as

Maost of Biogen's drug
portfolio treats life-long
diseases, suggesting a
patient from a previous year

Annual .DISHSE-SPEG'EC is likely to remain so many new patients as it did in the
Incidence Rate currently. first year of drug sales).
% A A
An annual gauge of new s ™~ r aY
diagnoses of the disease » N . . n
in cocstion, refiecting ) | Projected Populations in Number of Patients Treated + Number of Patients from
new patient potential Countries of Sale in PreviousYear Yeara
based on Biogen's market x
penetration capabilities. *The sum of these values must remain within the patient
Assumed Penetrance Rate population of the country in question, which is determined by the
for Drug product of the country’s overall projected population and the
prevalence of the disease in question.

Diagram 2. First-year drug projection approach.

Y

Assumed Price of Drug

This approach is used for drugs in BlIBs portfolio went on sale in 2016. As there is no historical
growth rate in these situations, one can choose to project based on the prevalence or incidence
of the disease. The advantage of using incidence rates, as well as first-year patient recruitment
data, is that projections are more company-specific and provide a more realistic annual growth
rate for the diseased population. Prevalence, on the other hand, gives an estimate of the
existing patient population, which assumes that the growth of the disease coincides with the
growth of the population and does not provide information regarding new cases per year. First-
year patient counts are added back every projected year to reflect the impact of Biogen’s

marketing strategies — refer to Diagram 2.
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Pipeline Drug Projections

Represents the success (1) or
failure (0) of a drug inits
current clinical trial phase or

i . . filing status, based on
Annval Dlsease-Speuﬁc published success
Prevalence Rate probabilities.
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drug in question based on Countries of Sale of Drug Probability of Clinical Trial Success

Biogen's market »®
penetration capabilities.
Assumed Penetrance
Rate for Drug

Diagram 3. Pipeline drug projection approach.

For the sake of simplicity, only pipeline drugs currently in Phase 3 clinical trials or those whose
final approval application has been filed were projected. Prevalence was used over incidence in
this projection as there is no first-year, company-specific data, requiring an estimate of
recruitment from the entire diseased population. Furthermore, a weighted average of the
yearly revenues from each pipeline drug was taken based on the drug’s probability of success
for the sake of conservative projections. The revenue projections for each drug are multiplied
by 0 or 1 within the Monte Carlo simulation based on the probability of successful launch of the
drug — refer to Diagram 3. This contributes to an octa-modal distribution (share price when
individual drugs fail [three scenarios], when two of three drugs fail [three scenarios], or when
all drugs succeed/fail [two scenarios]). However, because BIIB currently relies most heavily on
its historical drug portfolio, the price of the company’s stock should not fall below zero unless
its core portfolio fails (as opposed to a pre-profit biotechnology company, whose share price
relies solely on its pipeline). A sensitivity analysis resulted in the floating of 2026E change in
working capital and captial expenditure margins, tightening the final probability distribution.

Furthermore, these drugs are modeled on a beta distribution to demonstrate how the
likelihood of successful market launch increases as the drug gets further through the clinical
trial process (refer to Figure 4).
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Figure 4. SB5 beta distribution. The more skewed left this distribution is, the greater the chance of the drug
successfully completing all clinical trials and final approval for marketing.

The equations used to obtain the a and [ values for the beta distributions are as follows (with
the equation outputs for SB5 serving as an example):

1-u 1, ,
= - — = 13.6583
* ( o? ,u)#

1
B = a(;— 1) = 5.0517

Due to the properties of a beta distribution, the higher the probability of success, the farther to
the right the distribution is pushed. According to Keegan, drugs in Phase 3 clinical trials have a
60% chance of reaching market approval.*? Thus, 0.6 was the value used for u when
determining the beta distributions for ADUCANUMAB and E2609. According to Hartmann et al.,
drugs that seek market approval in the E.U. through a Market Authorization Application (MAA)
have a 73% probability of approval (n=183).13 Thus, 0.73 was used as a mean for SB5, giving it
the highest leftward skew of the three modeled pipeline drugs. The assumed variance used for
the three drugs was 0.01.

12 Keegan, K. Biotechnology Valuation: An Introductory Guide. England: John Wiley and Sons, 2008.

13 Hartmann M, Mayer-Nicolai C, Pfaff O. Approval probabilities and regulatory review patterns for anticancer
drugs in the European Union. Crit Rev Oncol Hermatol. 2013; 87(2): 112-21. Retrieved from:
https://www.ncbi.nlm.nih.gov/pubmed/23433721.
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Assumed Prices and Penetration Values

Considering prices for pharmaceutical drugs vary widely based on location and disease, the
assumed cost-to-patient for each first-year drug was estimated via data from prescription
websites, whereas costs for pipeline drugs were estimated based on drugs of similar nature
(refer to Table 2).

Drug Annual Price (estimate)
ZINBRYTA $92,337.36 (57,694.78/month)*
SPINRAZA $750,000.00 (first year)
$350,000.00 (every following year)*®
BENEPALI $6,462.96 (£656 for 4x 50mg; one-month’s worth)®
FLIXABI $2,011.88 (£377.00/unit; eight-weeks worth)?
ADUCANUMAB $46,000 (based on Campath; monoclonal antibody cancer treatment)*®
E2609 $6,000 (based on Donepezil; cholinesterase inhibitor for Alzheimer’s)®®
ADALIMUMARB (SB5) $13,960.80 (70% of $1,662/month for reference drug, Humira)?°

Table 2. Assumed annual prices for first-year and pipeline drugs. For ADUCANUMAB and E2609, the prices were
determined based on drugs that utilize similar molecular mechanisms and are currently sold on the market.
Because SB5 is a biosimilar that references Humira, we chose to take 70% of the annual Humira price as our
assumed value per a study performed by Blackstone and Joseph in 2013.?! Prices vary based on location and
insurer.

Of special interest in Biogen’s pipeline is its two eAD-treating drugs: ADUCANUMAB and E2609.
Besides its acceptance into the EMAs PRIME program and the FDAs Fast Track program,
ADUCANUMABSs (a monoclonal antibody that targets the N-terminal of beta-amyloid peptides)
recently published Phase 1b study showed a significant reduction in beta-amyloid plaque in

1 Drugs.com (2017). “Zinbryta Prices, Coupons and Patient Assistance Programs.” Retrieved from:
https://www.drugs.com/price-guide/zinbryta.

15 Staton, T (January 3, 2017). FiercePharma. “Biogen’s $375k Spinraza price puts a Sovaldi-style spotlight on rare
disease meds.” Retrieved from: http://www.fiercepharma.com/pharma/biogen-s-375k-spinraza-price-puts-a-
sovaldi-style-spotlight-rare-disease-meds.

6 GMMMG (March 15, 2016). “Etanercept biosimilar (Benepali) for the treatment of the following diseases.”
Retrieved from: http://gmmmg.nhs.uk/docs/nts/Benepali-etanercept-biosimilar-NTS-recommendation.pdf.

7 MIMS. “Flixabi.” Retrieved from: http://www.mims.co.uk/drugs/musculoskeletal-disorders/rheumatoid-arthritis-
other-autoimmune-disorders/flixabi.

18 Shaughnessy, AF (2012). thebmj. “Monoclonal antibodies: magic bullets with a hefty price tag.” Retrieved from:
http://www.bmj.com/content/345/bmj.e8346.

13 Consumer Reports (December, 2012). “Alzheimer’s drugs cost a lot, but help just a little.” Retrieved from:
http://www.consumerreports.org/cro/2012/12/alzheimer-s-drugs-cost-a-lot-but-help-just-a-little/index.htm.

20 Welch, B (December 15, 2008). American Family Physician. “Adalimumab (Humira) for the Treatment of
Rheumatoid Arthritis.” Retrieved from: www.aafp.org/afp/2008/1215/p1406.html.

21 Blackstone EA, Joseph PF. The Economics of Biosimilars. Am Health Drug Benefits. 2013; 6(8): 469-478. Retrieved
from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4031732/.
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Alzheimer’s patients that was dose- and time-dependent.?? Whereas ADUCANUMARB has
started its Phase 3 EMERGE and ENGAGE, other companies pursuing similar monoclonal
antibody-based treatments have recently seen Phase 3 failures, such as Eli Lilly’s
SOLANEZUMAB, putting the spotlight on Biogen.

E2609 is a BACE1-inhibitor-based (BACE1 is a beta secretase cleaving enzyme that creates beta-
amyloid through its site-specific amyloid precursor protein (APP) slicing) drug that prevents the
formation of beta-amyloid plagues and was recently cleared to commence its Phase 3 MISSION
AD trial. In its Phase 1 trial, the plasma beta-amyloid concentrations in patients were reduced in
a dose-dependent manner.?3 As with ADUCANUMAB, similar Phase 3 BACE-inhibitor drug
failures have recently occurred, such as Merck’s VERUBECESTAT.2* All of the aforementioned
factors were taken into account when determining reasonable market penetration rates for
these Alzheimer’s drugs (refer to Table 3).

22 Sevigny, J. et. al. (July, 2015). Alzheimer’s and Dementia. “Aducanumab (BIIB037), an anti-amyloid beta
monoclonal antibody, in patients with prodromal or mild Alzheimer’s disease: Interim results of a randomized,
double-blind, placebo-controlled, phase 1b study.” Retrieved from: http://aanddjournal.net/article/S1552-
5260(15)02517-0/fulltext.

23 Lai, R. et. al. (July 2012). Alzheimer’s and Dementia. “First-in-human study of E2609, a novel BACE1 inhibitor,
demonstrates prolonged reductions in plasma beta-amyloid levels after single dosing.” Retrieved from:
http://aanddjournal.net/article/S1552-5260(12)00369-X/fulltext.

24 carroll, J (February 15, 2017). Science. “Another Alzheimer’s drug flops in pivotal clinical trial.” Retrieved from:
http://www.sciencemag.org/news/2017/02/another-alzheimers-drug-flops-pivotal-clinical-trial.
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Drug Market Penetration (estimate)
ZINBRYTA 13% (50% of TYSABRI to TECFIDERA conversion rate)?®
SPINRAZA 2.5% (with bi-annual growth after price cuts)
BENEPALI 35% (50% of EU ENBREL (ref.) to BENEPALI (biosim.) conversion rate)?®
FLIXABI 35% (same assumed conversion rate as BENEPALI)
ADUCANUMAB 20% (with annual growth)
E2609 40% (with annual growth)
ADALIMUMAB (SB5) 0.5% (with bi-annual growth)

Table 3. Assumed market penetrations for first-year and pipleine drugs. Market Penetration for SPINRAZA,
ADUCANUMAB, E2609, AND SB5 were assumed based on expected strengths and weaknesses of the drugs.
Currently, SPINRAZA is priced at S750,000 for the first year of treatment, with an annual price of 5375,000 for
everly following year. Considering this is unsustainable, we started projected sales at a low penetration rate, but
increased this rate for the drug every two years after 50% bi-annual price cuts. Both ADUCANUMAB AND E2609 are
unique Alzheimer’s Disease treatments, which is reflected by their high initial market penetration rates. E2609 is
twice that of ADUCANUMARB for two reasons: 1) it theoretically treats those who are in both the early and late
stages of the disease, which means there is theoretically a larger target population, and 2) it will likely be
significantly cheaper than ADUCANUMAB, making it more accessible.

SBS5, the only phase 3 biosimilar, was given a very low penetration rate because the immunosuppresant industry is
highly competitive and Humira (the drug SB5 references) has a strong brand reputation, which might make patients
more resistant to changing their prescription (this strong reputation is reflected by the $16.078 billion in 2016 FY
revenues that AbbVie secured). However, there is a large target population in this sector, as 955,717 patients were
treated with Humira alone in 2015, 7 suggesting strong revenues can still be yielded regardless of the low
penetration rate. ZINBRYTA, BENEPALI, AND FLIXABI penetration rates are based on available data.

Model Results

Conservative projections using the abovementioned model structure, along with certain growth
adjustments, yielded a probable free cash flow of $282.09 per share (refer to Figure 5).
Compared to the historical model tuning parameters, our model created reasonable ranges and
average values for LTAT and LTA/IC, whereas the free cash flow measures were lower than
historical values (see ‘Monte Carlo (All Drugs)’ tab of accompanying spreadsheet for specific
values). This makes sense regarding the current outlook for the pharmaceutical industry, as
increasingly strict government price regulations can decrease the revenue a company makes on
certain drugs, reducing free cash flows available to that company. Lastly, our model appeared

%5 Fiore, K (June 1, 2015). MedPage Today. “No Surprises with Tysabri-Tecfidera Switch.” Retrieved from:
http://www.medpagetoday.com/meetingcoverage/cmsc/51883.

26 patrick, M (October 28, 2016). Market Realist. “Biosimilar Business May Become Key for Biogen in Future Years.”
Retrieved from: http://marketrealist.com/2016/10/biosimilar-business-may-become-key-growth-driver-biogen-
future-years/.

27 Humira (2013). “Humira: moderate to severe rheumatoid arthritis (RA) treatment.” Retrieved from:
https://www.humira.com/rheumatoid-arthritis/treatment.
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to weigh performance of future drugs (first-year and pipeline) the most, again coinciding with a
competitive pharmaceutical market where drugs are replaced rather rapidly (refer to Figure 6).

50,000 Trials Split View 49,625 Displayed
Estimated FCF/Share Statistic Farecast values
Trials 50,000
1,300 Base Case $282.09
1.200 Mean $472.01
Median $466 67
1.100 Mode .
0.02 1,000 Standard Deviati $88.09
900 Variance $7,760.13
Skewness 0.3803
E‘ 800 T |Kurtosis 3.29
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Figure 5. Monte Carlo simulation estimated free cash flow/share probability distribution. Due to the varying
possibilities of failure and success regarding Biogen’s pipeline drugs, the probability distribution has relatively high
breadth and kurtosis. However, the model shows very little downside in the case that all three pipeline drugs do
fail, showing a decent outlook for the company even in the worst case scenario, with a high upside in the best case
scenario (a mean of $472.01, although our model’s assumptions suggest 5282.09 is more realistic/fundamental
value).
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Proportional Estimated FCF/Share Reliance on
Drug Group

m Historical First Year Pipeline

Figure 6. Model reliance on separate drug classifications. By running the probabilistic discount cash flow model
with only historical, historical & first-year, and all drugs including relevant pipeline drugs, we arrived at the
“makeup” of our projected FCF/share. This suggests our model is heavily weighted on the potential of new drugs,
which makes sense in a highly competitive pharmaceutical industry that constantly takes market shares away from
existing drugs.

Proxy Statement Analysis?®

Based on analysis of Biogen’s financials and 10-K, the company appears to have a significant
upside to its share price as a result of a strong pipeline and managerial decisions that should
benefit the company in the long term, such as spinning off non-central aspects of its business
(with the Bioverativ launch) and leasing its uneccessary plant in Cambridge. To further
understand the motivations behind these executive actions, we analyzed the company’s most
recent DEF 14A.

Michel Vounatsos, Biogen’s CEO, took over the position in January 2017, but served as CCO and
Executive Vice President for Biogen before this transition. Prior to joining Biogen, he served as
President of Merck’s Global Primary Care segment, giving him experience in the global medical
setting. A majority of the Executive Vice Presidents have been with Biogen for at least four
years, with new recruits including Paul McKenzie (Pharmaceutical Operations and Technology)
and Michael Ehlers (R&D). The recruitment of Mr. Ehlers to lead the management of Biogen’s
pipeline is very promising, as he is one of the most influential neuroscience researchers in the
U.S. (refer to BIIB SEC 2017 10-K for a full description of his accomplishments). Biogen’s Chief

28 (.S, Securities and Exchange Commission. “Biogen Inc. DEF 14A.” Retrieved from: https://www.sec.gov/cgi-
bin/browse-edgar?action=getcompany&CIK=0000875045&type=def+14a&dateb=&owner=exclude&count=40.
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Medical Officer, Alfred Sandrock, Jr., has been with the company for almost 20 years. All of the
executives, except Adriana Karaboutis (Technology, Business Solutions and Corporate Affairs),
had experience with a medical/biotechnological company prior to joining Biogen.

When analyzing Biogen’s DEF 14A, the two main factors we consider were: 1) how much of
each executive’s compensation is “at risk” (paid in the form of short- or long-term
performance-based bonuses) and 2) the metrics for determining how much above base salary
an executive makes. Generally, the more “at risk” an executive’s compensation is, the better, as
improvements made in the company result in improvements in salary (refer to Figure 7).

CEO Pay Mix* NEO Pay Mix*

84%
performance-based
compensation

91%
performance-based
compensation

Salary Bonus MLTI Salary Bonus WLTI

Reflects actual salary, target bonus, and planned approximate annual long-term incentive (LTI) grant date value awarded in 2016. CEO pay mix reflects
compensation for Dr. Scangos, who served as our CEO for all of 2016. NEQ pay mix excludes Mr. Cox's special recognition award, as described in
further detail below, as well as compensation for Mr. Vounatsos and Dr. Ehlers due to their partial year employment with Biogen in 2016.

Figure 7. Executive compensation “at-risk” breakdown. The fact that a large majority of all executives’
compensations are highly performance based reflects positively on Biogen. This reinforces executive efforts to
improve the company both on a short-term and long-term basis, depending on the metrics by which the final
compensations are determined.

Source: BlIB SEC DEF-14A (2017)

It is important to consider the members of the peer groups used to determine the appropriate
threshold, target, and maximum bonus values, as selection of peers with poor ethics or non-
comparable finances suggests a poor compensation plan. Biogen, however, has established a
peer group composed of only Biotechnology and Pharmaceutical companies, suggesting that its
compensation plan is based on comparable companies that abide by stringent regulations
(refer to Table 4).
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Alexion Pharmaceuticals, Inc.

Amgen Inc.

Celgene Corporation

Gilead Sciences Inc.

Vertex Pharmaceuticals International, Inc.

Pharmaceutical Peers
AbbVie Inc.

Allergan plc

Bristol-Myers Squibb Company

Eli Lilly and Company

Endo Health Solutions

Merck & Co, Inc.

Mylan M.

Valeant Pharmaceuticals Incorporated

Table 4. Biogen peer comparison list. The chosen competitors are all in a comparable industry, with somewhat
similar capital structures.

Source: BlIB SEC DEF 14A (2017)

The three aspects of BIIB’s “Say on Pay” executive compensation plan are as follows: 1) base
salary, 2) annual (short-term) bonus plan, and 3) long-term incentives (as well as health, death,
tax, and retirement benefit plans). “Say on Pay” utilizes several multipliers determined based
on the metrics of each aspect of the compensation plan, which is ultimately multiplied by the
executive’s base salary (refer to Tables 5, 6, and 7; Figure 8).

Base | | pa9% | | Company | | Individual
Salary (%) Multiplier Multiplier

Diagram 4. “Say on Pay” multipliers for determining level of executive compensation.

Source: BlIB SEC DEF 14A (2017)

For 2016, the company multiplier and individual multipliers were considered the same (110%).
Thus, every company performance multiplier is essentially squared (121%) before being
multiplied by the target bonus and base salary (both determined via peer group comparisons).
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Performance Range

Company Goals Weight Threshold Target Payout
FINANCIAL PERFORMANCE
EPS 25% $ 1762 $ 1906 $ 20.50 $ 2016010 1341%
Revenue 25% $10,760M $11,388M (1) $12,010M 11 481M (1) 104.5%
MARKET PERFORMANCE
Specific market goals
Achieve Global MS Market Share 15% are not disclosed for Below
competitive reasons Goal (2) 70.0%
Specific market goals
Increase Global Hemophilia Units 59 are not disclosed for Above
competitive reasons Goal (2) 150.0%
PIPELINE DEVELOPMENT
: . Specific pipeline goals are not Above
Build and Advance Total Pipeline 20% disclosed for competilive reasons Goal (3) 105.0%
Achieve Aducanumab Phase 3 Enroliment 10% Specific enrolment goals are Above 110.5%
not disclosed for competitive reasons Goal (4}

Weighted Company Performance Multiplier 110.0%"

*

Numbers may not recalculate due to rounding.

Notes to 2016 Annual Bonus Plan Company Targets and Results Table

(1) These financial measures were based on our publicly reported revenues of 511,449 million and our publicly announced Non-GAAP diluted EPS of $20.22.
For purposes of our 2016 annual bonus plan, revenues were adjusted to neutralize the effects of foreign exchange rate fluctuations and EPS was reduced
to account for the net impact of share repurchases not originally contemplated at the time the Company performance goals were determined.

(2) Market goals for MS and Hemophilia were below and above goals, respectively. Specific details are not disclosed for competitive reasons.

Year-end Target Overall Bonus
Salary Bonus % Multiplier Award
MName (A) x B) x €)= D)
G. Scangos $1,500,000 140% 121% $2,541,000
M. Vounatsos(1) $ 750,000 70% 121% $ 447.799
P. Clancy $ 860,470 70% 121% $ 728,818
J. Coxl2) $ 702,049 70% 121% $ 594.636
M. Ehlers(1) $ 775,000 70% 121% $ 425,062

Notes to the 2016 Annual Bonus Plan Awards Table

(1) Bonus awards for Mr. Vounatsos and Dr. Ehlers were prorated to reflect partial year employment with Biogen.
(2) Although Mr. Cox earned this award while employed by Biogen, the payment obligation was transferred to Bioverativ in connection with the spin-off.

Table 5. Biogen executive short-term compensation plan and results for 2016 FY. Because the company and
individual multipliers were deemed equal by the board of directors, the overall multiplier is 121% (up from 56.25%
in 2015). The financial metrics used in determining this multiplier are highly adjustable/subjective and are generally
not preferred (although they are commonly used). Revenues were adjusted to neutralize effects of foreign exchange
fluctuations — although this may seem reasonable, we disagree with this accounting approach as these fluctuations
are recurring in a globally operating company. The final short-term bonus awards for each executive are listed in
the lower table.

Source: BlIB SEC DEF 14A (2017)
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Weight Target Performance Range

Company Goals (1 % Threshold Target Max Results Payout

Revenue 50% $10,760M $11,385M $12,343M $11,481M 104.5%
Adjusted Free Cash Flow 50% $3.341M  $3656M $4,139M $3,906M 136.5%
Weighted CSPU Performance Multiplier 120.0%*

* Numbers may not recalculate due to rounding.

Notes to 2016 Cash-Settled Performance Units Company Targets and Results Table

(1) See Notes to 2016 Annual Bonus Plan Company Targets and Results Table above for definitions and adjustments related to revenue goals and results.
Adjusted free cash flow was decreased to reflect the delay in Swiss large scale manufacturing capital spending.

Below
Threshold Threshold Target
Stock Price Growth 0%
< -50% -50% (no change) +100%
Performance Multiplier 0% 50% 100% 200%

Vest Performance Performance

Grant Date Date Period Multiplier
272016 212017 1 year 111%
212017 2 years 75%
22015 22016 1 year 67%
212017 3 years 92%
22014 212016 2 years 86%
212017 4 years 150%
i 22016 3 years 150%
212012 2/2016 4 years 150%
CSPU llustration: MSU Nlustration:
" L“t;';‘:“ > Jan 1,2016 Dec 31,2016 °°<3‘:~7°‘7 Dec 3,2
Jan 1, 7016 Dec 31, 2006 Dec 31, 2007 Dec 31, 2018 : - ; : ! -
. r l - r l " r l . M.SU v * L
I~ T ™ | Grant = 173 of Target Units Vests
H i‘ i e — 1 Yoar Multiplier
cSPU 10 dertve actusi
Geant « Mctusl Units Eamed - 1/3 Esmed Units Vests - 1/3 Esmed Units Vests eamed “1/30lT Units Vests
[pedt muitipbes « Cash sward based on 30 - Cash award based on # - 2 Yoar Port Multiplier
agpred] day average BIB stock 30 day average BIB applied to derive actual
= 1/3 tamed Units price stock price shares earned o - 173 of Target
Vests v u!vltsv:":s
- Cash award based on zu;‘:w ooted
30 day sverage BB to derve actual
#och price shares eamed

Table 6/Figure 8. Biogen executive long-term incentive plan and results for 2016 FY. We believe that
measurement of free cash flows benefits shareholders most in the long run, as it focuses on the operational
strength of the company (as well as strategic capital allocation).

Long-term incentives are distributed in two manners: 1) cash-settled performance units (CSPUs — measured in the
top table) and 2) market stock units (MSUs — measured in the middle and lower tables). Both of these awards vest
over a three year period, beginning when the actual units earned are determined based on performance metrics.
While CSPU payouts are based on the financial performance of the company in the long-term, MSU payouts are
directly linked to growth of Biogen’s stock price.

Source: BlIB SEC DEF 14A (2017)

Biogen also enforces “Share Ownership Guidelines”, which require the CEO and Executive Vice
Presidents to own a number of shares equal in value to 6x and 3x their basic salaries,
respectively. These executive officers have five years from their initial appointment to achieve
this level of share ownership, and if these values are not met in time, 100% of vested shares are
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required to be held (and not settled in cash) until the requirements are met. This aligns the
interests of executives with those of Biogen’s shareholders.

Stock

Non-Equity
Incentive Plan

Change in
Pension
Value and

MNongualified

Deferred

Compen

All Other

Name and Principal Position Bonus(1) Award Compensation(3)  Earnin Compensation(S) Total
(a) (d) () (f) (h) (i)
George A. Scangos(6) 2016 $1,500,000 — $13,007.653 § 2,541,000 % 221642 % 463,493 §$17,733,788
Former Chief Executive Officer 2015 $1,538 462 — §13015232 § 1,181,250 § 184724 § 954,718 516,874,386
2014 $1.375,000 — $12120939 § 4047313 § 86634 § 1.001.483 $18.631.369
Michel P. Vounatsosi?) 2016 § 519.231(8) 51,500,000 % 3151199 3§ 447799 § 1598 § 181,222 § 5,801,049
Chief Executive Officer and Former
Executive Vice President, Chief
Commercial Officer
Paul J. Clancy 2016 § 844,600 — § 3556773 § 728,818 3 h53T6 5 199,635 § 5,385,202
Executive Vice President, Finance 2015 § 747,498 — $2543374 § 284,655 % 45960 5 332,115 § 3,953,602
and Chief Financial Officer 2014 § 698,389 — $2824497 § 811632 § 26454 § 330,045 § 4,690,017
John G. Coxi®) 2016 § 696,750 — § 6010767 § 594636 % 247644 3 181,167 § 7,730,964
Former Executive Vice President, 2015 § 674,753 — § 3559612 § 258,348 % 144138 § 340,997 § 4,977,848
Pharmaceutical Operations and 2014 § 609,508 — §2820174 § 709,086 % ER AL 320,831 § 4463417
Technology, of Biogen, and Chief
Executive Officer of Bioverativ
Michael D. Ehlers(10) 2016 § 49182701 F1170177  § 3410650 3§ 425062 % 185 % 14,665 § 5.512,536

Executive Vice President,
Research & Development

Notes to the Summary Compensation Table

Table 7. Overall executive compensation breakdowns for 2014 FY, 2015 FY, and 2016 FY. It is interesting to note
the impact of performance-based compensation, as several executives’ wages decreased in 2015.

Source: BlIB SEC DEF 14A (2017)

Performance highlights (between 2015 and 2016) listed in the DEF 14A include the return of
$1.0 billion in 2016 (and $5.0 billion in 2015) to shareholders through stock repurchases (refer
to Figure 9), extending R&D to new therapeutic areas that are focused on treating neuropathic
pain, various autimmune diseases, and opthalamic diseases, and investing in new
manufacturing facilities (Solothurn, Switzerland and Research Triangle Park, North Carolina).
The company was also able to achieve carbon neutrality in 2015, leading to prestigious
acknowledgements that could further improve public image (specifically, leader on the
Corporate Knights 2015 Global 100 sustainability index and Biotechnology Industry Leader on

the Dow Jones Sustainability World Index).
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—@— Fiogenlnc NASDAQ Pharmaceutical S&P 500 Index
NASDAQ Biotechnalogy
Total Number of Maxirmurm
Shares Purchased Approvimate Dollar Value
Tital Mumber of Aversge Price as Part of Publicly of Shares That May Yet Be
Shares Purchased Paid per Share Announced Programs Purchased Under
Period (= %) (=) Qur Programs ($ in millions)
October 2016 1,254 818 298.71 1254818 § 42763
MNovember 2016 939,046 29424 9390468 3 4,000.0
December 2016 — — - 3 4,0000
Total 2,193,864 296.80

Figure 9. Shareholder return breakdown. Biogen historically has never paid a dividend to its shareholders. With
this in mind, it is very interesting to find that it has remained about even with its peer group median over the last
three years in terms of total shareholder return, and has outperformed the peer group over the last five years,
considering Biogen only provides shareholders with returns through share buyback programs (with 2016 buybacks
listed above — publicly announed programs include the 2011, 2015, and 2016 Share Repurchas Programs). The
graph on the top right shows shareholder retuns via common stock value appreciation compared to the NASDAQ
Pharmaceutical Index, the NASDAQ Biotechnology Index, and the S&P 500 (assuming a $100 investment in 2011).

Source: BIIB SEC DEF 14A (2017); BIIB SEC 10-K (2017)

The final factor we considered when analyzing Biogen’s management was their share
repurchasing habits (refer to Capture 5). The most recent buyback program approved by the
Board of Directors was the $5.0 billion 2016 Share Repurchase Program, through which
management repurchased 2,193,864 shares at an average of $296.80/share in 2016 Q4. We
cross-referrenced the number of shares repurchased to the relative share price to determine
whether these buybacks are in the interest of the company (repurchases would occur at lower
stock prices) or in the interest of executives (repurchases would be made at higher prices so
executives can sell vested shares for a larger return).
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Bloomberg Termial Capture 5. Biogen’s share repurchasing strategy. Management appears to approve large
share repurchases when the company’s stock price is either low or declining. This suggests their decisions are made
with the investors’ well-being in mind.

Source: Bloomberg Terminal (Accessed 4/23/17); Command <GP>

Multiples Analysis

In order to get a better sense of short-term measures of performance for Biogen, we analyzed
the historical values and projected values (received from both our models and 2017/2018
analyst consenses) of three commonly used multiples: P/E, EPS, and EV/EBITDA (refer to
Capture 6 for historical analysis; Figure 10 for projection analysis). P/E and EV/EBITDA will give
us a sense of how the market is currently viewing the value of Biogen’s shares compared to
how the company is actually performing. EPS will simply serve as a measure of performance.

In our analysis we found that historical EV/EBITDA and P/E have decreased over the last three
years even though the company has consistently grown its revenue and net earnings over this
period of time. This suggests an artificial, market-based decrease in the company’s value due to
factors such as impending and stringent government regulation on the pharmaceutical industry
and a currently unstable market climate. Besides the large drop in diluted EPS in early 2017, the
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company has been able to maintain steady growth in this metric, suggesting good short-term
growth potential. Our projections conclude that these trends will continue in the long-run,
suggesting that the stock will progressively become “cheaper” with decreases in P/E over time
at approximately the same rate as analyst consensus projections, with an appreciating EPS
value over the same period (again, at the same rate as analyst consensus projections). Thus,
these ratios support our investment thesis of BUY when considering the stock based on short-
term metrics.
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Bloomberg Terminal Capture 6. Historical multiples analysis. Over the past two years, Biogen saw a relatively
steady decline in its EV/EBITDA and P/E ratios. Considering Biogen has created steadily increasing revenues and net
earnings over the same period, this suggests the price of shares have not been growing as quickly as the company
itself, further supporting the hypothesis that the company has been undervalued. Biogen has steadily grown its
diluted EPS over the same time period (with the exceptional drop in late 2016 that can be attributed to a one-time
litigation with Forward Pharma).

Source: Bloomberg Terminal (Accessed 4/26/17); Command <GP>

34




Investment Thesis for Biogen Inc. (NASDAQ: BIIB) by Alex Serafini

Maodel vs_ Analyst Consensus: EV/EBITDA Model versus Analyst Consensus: P/E Projections

— 16.00

_ looa 14.00

& am »X‘ 12.00

-3 [P

2 &o0 = R

=] & BDO
5. 400 =

I': &  EDD

aa 4.0
1.00 2.00
217 I01E n1s rlurly )
Projacted Yeurs o 7 2018 s 2020
Projected Years
e G T Ana st Consens. s A Modiel abyst

Share

Earmings par

Figure 10. Projected multiples comparison (model versus analyst consensus). Comparison between model and
analyst-determined ratio trends. Our model appears to agree with the rate of change in each of the three analyzed
ratios, with slight differences in magnitudes.

Source: Bloomberg Terminal (Accessed 4/25/17); Command <EE | Y>

Historical Insider Trades

The final stage of our Biogen analysis involves determining whether there is an outstanding
trend regarding insider share selling, which generally suggests that there is a concerning
business factor behind the scenes (refer to Capture 7). We also took a look at the largest share
holders to determine the institutional investors currently backing the company (refer to
Capture 8).

In our analysis of insider transactions, we found a balance between executive sales and
purchases of BIIB stock over the past two years. This suggests that there is nothing “behind the
scenes” at Biogen that should be of concern to potential investors, as more selling than buying
by executives can hint at a lack of confidence in the company or fear of stock price crashes in
the near future.
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Bloomberg Terminal Capture 7. Historical insider transactions. Insider transactions over the past year appear
relatively balanced, suggesting that there is nothing particularly concerning about the company at the time being
from the management’s perspective.

Source: Bloomberg Terminal (Accessed 4/23/17): Command <INSD>
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Bloomberg Terminal Capture 8. Institutional funding of Biogen. Several major institutional investors, including
Blackrock, Vanguard Group, and T. Rowe Price Group Inc. appear at the top of Biogen’s holders list, suggesting that
there is a large amount of confidence in the company’s future prospects.

Source: Bloomberg Terminal (Accessed 4/23/17): Command <HDS>

Additional Factors to Consider

Area-Specific Price Regulations

Within the U.S., there are several government price restrictions placed upon pharmaceutical
companies, specifically through programs such as Medicaid (rebate based on Average
Manufacture Price relation to inflation), Medicare (rebate based on Average Sales Price),
Medicare Part D (50% discount on brand name prescriptions when beneficiaries reach coverage
cap), Federal Agency Discounted Pricing (76% pricing cap based on Average Manufacture Price),
and 340B Discounted Pricing through the Public Health Service (rebate based on Average
Manufacture Price).

In areas outside of the U.S., Biogen risks encountering strict government enforcement of
reimbursement caps and must often negotiate with foreign governments over acceptable
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prices to sell its drugs at, which can not only decrease revenues, but also delay the marketing
process for certain drugs. Some countries also utilize “reference pricing”, which is essentially
guoting Biogen on acceptable drug prices based on those agreed upon in other countries, which
reinforces the need for careful negotiation on Biogen’s part in every country.

The Future of the Affordable Care Act (ACA) — Repeal versus Remain

It is estimated that approximately 20 million Americans will lose coverage through a plausible
ACA repeal (another attempt at repealing the health plan is definitely within the realm of
possibilities, considering the recent reform’s approval by the House of Representatives), with
52 million at risk of rejection by insurance companies if the pre-existing conditions coverage
clause is removed with the repeal.?’ Considering that approximately 32.5% of MS patients in
the United States are covered by Medicare (with 6% covered by Medicaid), a repeal could
significantly reduce Biogen’s MS portfolio revenues through the removal of the ACA’s Medicaid
expansion and Part D coverage for Medicare patients (decreasing the number of patients that
can afford their treatments).3°

According to Bloomberg, it is likely that pharmaceutical companies such as Eli Lilly and Mylan
(which are comparable to Biogen) will see the largest operating margin strains if Part B and D of
government-sponsored health insurance are revised towards increased price constraints and
legal government price negotiations.3! Reimbursement reductions involved in such changes
include suggested reductions in allowable Medicare Part B markups (over Average Sales Price)
from 6% to 2.5%, as well as the use of a flat fee.® Lastly, Democrats are pushing the movement
of all government-sponsored health care towards the Veterans Administration model, which
apparently has the capability to pay 40% less for drugs than Medicare Part D plans.'® All of the
abovementioned policy changes would not only directly reduce pharmaceutical revenues, but
also carry the risk of reducing the demand for certain drugs.

Conclusion

Between Biogen’s strong core MS portfolio, promising drug pipeline, and managerial decisions
to cut off peripheral or unnecessary assets (the Hemophilia segment and Cambridge plant in
particular), we are confident about Biogen’s operational activities and potential. This, when
paired with a strong executive team working under a company-focused “Say on Pay” incentives
plan reflects well on Biogen’s overall future prospects. For these reasons, we recommend
Biogen as a at a target price of $282.09, a 5.02% upside.

2 Jacobson, L (January 5, 2017). Politifact. “What would the impact be if the Affordable Care Act is repealed?”
Retrieved from: http://www.politifact.com/truth-o-meter/article/2017/jan/05/what-would-be-impact-if-
affordable-care-act-repeal/.

30 Owens, GM (May 31, 2016). AJMC.com. “Economic Burden of Multiple Sclerosis and the Managed Care
Organizations in Multiple Sclerosis Management.” Retrieved from:
http://www.ajmc.com/journals/supplement/2016/cost-effectiveness-multiple-sclerosis/cost-effectiveness-
multiple-sclerosis-economic-burden.

31 Bloomberg Intelligence. “Bl Basics: Government Reimbursement of Pharmaceuticals.” Accessed 4/23/17.

38



	Executive Summary
	Catalysts and Risks
	Research Catalysts
	Operational Catalysts
	Risks

	Company Description
	Overview
	Current Business Segments2F
	Historical Performance9F

	Model Assumptions10F
	Historical Drug Projections
	First-Year Drug Projections
	Pipeline Drug Projections
	Assumed Prices and Penetration Values

	Model Results
	Proxy Statement Analysis27F
	Multiples Analysis
	Historical Insider Trades
	Additional Factors to Consider
	Area-Specific Price Regulations
	The Future of the Affordable Care Act (ACA) – Repeal versus Remain

	Conclusion



