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Pioneers of Neuroscience

A fearless mindset and a pioneering spirit are what are required to truly lead in
neuroscience. Both have defined Biogen since its founding in 1978. We are
proud of our 40-year history and courageous Biogen pioneers across the world.

In 1978 the biotech landscape was a world apart from today. At that time,
biotechnology was not accepted as it is now. It was met with great skepticism —
particularly from chemists, who dominated medical research at most major
pharmaceutical companies and who doubted the potential of biotechnology.

But Biogen’s founders fearlessly pioneered a new approach to help people living
with devastating neurological diseases. That is what Biogen scientists, through
groundbreaking research, have relentlessly pursued for the past 40 years.

What ignited our founders to begin the pursuit of a new approach so relentlessly?
Was it that perfect blend of boldness and capability? Was it the meeting of
determined hearts and brilliant minds?

No. Biogen started with more than that. It started with a dream: a dream to treat
the untreatable and cure the incurable. That was the source of their courage,
a dream that we pursue today and which has grown stronger with each passing year.

Three core tenets drive us to bring our dream and our science to the patients who
need it most:

¢ The talent of our people. Today our people are the very best in the industry,
following in the footsteps of our founders.

* Our deep and unwavering focus on patients. This deep precept continues to
be a strong driver for us today. We believe this will point us in the direction of
our next breakthrough.

¢ A robust and expanding pipeline. We are pursuing some of the most exciting
science in the world, areas where real innovation is required and where success
means pioneering new approaches and opening new areas of medicine.
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“We believe we possess the scientific
knowledge, the talent and the
expertise to transform neuroscience,
as well as the courage to take the
risks that others hesitate to take.”

Michel Vounatsos
Chief Executive Officer

With courage, passion and persistence

No other biotech company shares our heritage, our leadership in neuroscience
and our full commitment to it. Biogen’s extraordinary people carry that heritage
and commitment forward in everything they do — with the scientific knowledge,
experience and expertise as we work to tackle intractable diseases.

Our people courageously take risks when others may fail or hesitate to do so.
And our people are pioneers, just like our founders before us, as we work to
change the evolution of medicine.

It was the people of Biogen who helped change the course of history in multiple
sclerosis, for which interferon beta was the first disease-modifying therapy. Their
work led to pivotal clinical trials that definitively showed that the progression of
multiple sclerosis can be slowed by treating patients with recombinant interferon
beta. As a result, Biogen was able to take a leadership position in the research
and development of multiple sclerosis therapies for nearly 25 years.

It was the people of Biogen and its partner, lonis Pharmaceuticals, who in 2016
launched SPINRAZA, the first approved treatment for those affected by spinal
muscular atrophy, a leading genetic cause of infant mortality. They created a
product that builds on the work of Biogen’s founders — a treatment that did
not happen without our founders or the people who followed them.

Tackling intractable diseases

We believe the future holds promise because of the work we’re doing right now.
We believe we are well-positioned to address the significant unmet medical needs
in neuroscience, as well as in adjacent therapeutic areas where we currently

have assets or expertise.

Science is advancing, and we believe Biogen is poised to make a significant,
positive impact. In fact, we've come to believe that the pathways of neurological
diseases are interrelated, and so are the potential approaches for treating them.
Biogen’s focus on neuroscience gives us a deeper understanding of those
connections and, we believe, will pave the way to innovation.

We are one of the few companies with the expertise to work across multiple
modalities with the potential to deliver effective therapies to the brain and
nervous system. Our vision is to further our lead in neuroscience by building on
our multiple therapeutic area franchises, a deep and diversified pipeline, strong
execution capabilities and financial resources.

Surely, we have a lot of work ahead of us, and we're humbled by the opportunity
to make a difference for patients around the world who suffer from debilitating
neurological diseases with limited or no treatment options.

Our people — and their breakthrough achievements — will determine our next 40
years as a company. Most important, these breakthroughs will enhance the next
40 years for patients, so they will have the chance to live better lives thanks to
our medicines.

It is a truly remarkable moment to be at Biogen, transforming neuroscience and
addressing significant unmet medical needs. We are inspired explorers and
fearless pioneers with challenges ahead of us. We do not give up. And we do not
give in because we know there’s more to be discovered and there are more lives
to be changed forever.

Now is the time to lead neuroscience. Now is the time to leave our mark on history.
And now is the time for Biogen to create the next 40 years of breakthroughs.

Michel Vounatsos
Chief Executive Officer

From left to right: Michel attending Biogen’s 40" anniversary
event in Japan with Nana Ueda, a type 2 SMA patient;
Michel speaking at Biogen’s annual Care Deeply Day, 2018.
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Original DNA model from 1953, James D. Watson Collection Photographs,
Series 06 Double Helix, Cold Spring Harbor Laboratory.
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The Biotech Revolution Begins

To fully understand how Biogen emerged as one of the most influential biotech
companies in the world, it's useful to start with an overview of how such a

thing as biotechnology not only came into existence but also eventually changed
the trajectory of the medical establishment in general and the pharmaceutical
industry in particular.

With ancestral roots in industrial microbiology that date back centuries, the
more recent origins of biotechnology can be traced to newly developed fermenta-
tion techniques used in the 1940s to produce penicillin, the first antibiotic.*

But it was biotechnology’s alignment with genetic engineering that accelerated
its influence in the world of biomedical research. Three key breakthrough events
started the era that would unite genetics with biotechnology.

The first was the 1953 discovery of the structure of DNA; the second, in 1967,
was the biochemical replication of a gene (gene synthesizing); and the third, in

1973, was the discovery of recombinant DNA. This third discovery, the creation of
recombinant DNA, initially was produced by cutting a section of DNA in the circular

plasmid of an E. coli bacterium and inserting in the DNA a protein of another
organism. With this approach, in principle, bacteria could adopt the desired
genes of the different cell line to produce the proteins of other organisms,
including humans.?

Such technical developments were considered revolutionary and frightening
to some people. However, genetic engineering was clearly on the scientific
agenda, as scientists, industry and governments increasingly linked the power
of recombinant DNA to the practical applications promised by biotechnology.

It now seemed possible to identify the genetic characteristics associated with
certain diseases and to then modify select genes to produce human proteins
that no longer caused or prevented those diseases.

An example of this is insulin, which had been used for half a century to treat
type 1 diabetes. The earliest form of insulin was extracted from animals and
this form differed slightly from human insulin, which could limit its effectiveness
in humans. It was also difficult to produce adequate amounts to meet patient
demand. If scientists could produce synthetic human insulin, they would

meet the existing demand for a product whose regulatory approval seemed
relatively easy to obtain.

From 1975 to 1977 scientists used this new biotechnology to develop new
forms of synthetic human insulin. Finally, in September 1978, microbial
production of synthetic human insulin was announced by a start-up company
called Genentech. Genentech went on to license the production method for this
to Eli Lilly and Company.®

Also in 1978 the University of California applied for a patent on the gene that
produces human growth hormone. This introduced the legal principle that
genes could be patented. Since that filing, nearly 20% of the more than 20,000
genes in human DNA have been patented.*

Biogen was founded in this same year: 1978. By this time, it was conceivable
that these revolutionary discoveries could enable the commercial development
of therapeutic drugs. Genetic engineering seemed to be the next great advance
in biomedical science.

Biogen’s founders

At the time they started Biogen, launching it on its illustrious trajectory of break-
through innovations, the company’s founders had already been busy advancing
the field of biotechnology and genetic engineering from their own academic labs.
This work would eventually improve the lives of millions of people.

Walter Gilbert developed new techniques for DNA sequencing. At a time when
molecular biologists were busy trying to decipher the genetic code, Gilbert
devised the first widely-accepted method to sequence DNA. For this work he
received the prestigious Albert Lasker Medical Research Award in 1979 and
the Nobel Prize in 1980.

Sir Kenneth Murray, one of the most distinguished molecular biologists of his
time, was recognized internationally for his contribution to the development
of recombinant DNA technology and to the development of the first vaccine
for hepatitis B, which was the first vaccine made using genetic engineering.
For his achievements, he was knighted in 1993.

Heinz Schaller, a noted molecular biologist and virologist, is known for his work
on the structural analysis of viral genomes and of signals that control DNA
replication and gene expression. He was a professor of microbiology and the
director of the Institute of Microbiology at Heidelberg University.

Phillip Sharp discovered RNA splicing in 1977. This provided early insight into
a phenomenon known as discontinuous genes — genes containing nonsense
segments that are edited out by cells in the course of utilizing genetic
information. His discovery fundamentally changed our understanding of the
gene’s structure and the genetic causes of cancer and other diseases.

Sharp earned the 1993 Nobel Prize in Physiology or Medicine.

Charles Weissmann has been widely honored for his work in cloning the human
interferon alpha gene and for producing recombinant interferon alpha, which is
used for treating cancer and hepatitis C.
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The 1970s
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By 1978, with the development of synthetic human insulin, Eeigtgaelg‘r’;nffg:iﬁfeS:(jcgsion
the industry was growing rapidly with each new scientific of the establishment of
advance, gaining media attention and inspiring public

interest that would continue over the next four decades.

Phillip Sharp’s discovery of RNA, or gene splicing, helped
scientists understand that cells of higher organisms
have discontinuous segments of DNA. This changed

our understanding of genes’ structure. Based on that
monumental discovery, Sharp earned the 1993 Nobel
Prize in Physiology or Medicine.

Biogen NV in Zurich in 1978.

1978

The Birth of Biogen

A group of accomplished scientists and a few venture
capitalists gather in Switzerland to establish Biogen NV,
a new pharmaceutical company with an emphasis

on breakthroughs in biology.

Revolutionizing cell biology

Soon after this discovery, Sharp turned his attention to understanding how RNA molecules act as switches
to turn genes on and off (RNA interference). The discovery of those processes not only revolutionized cell
biology but also was anticipated to generate a new class of therapeutics, based to a large extent on the
production of pure antibodies for use against disease.

According to Charles Weissmann, the first scientist to make bacteria produce a copy of human interferon,
and who would soon become a cofounder of Biogen, “Biology has become as unthinkable without gene-
splicing techniques as sending an explorer into the jungle without a compass.”®

Many considered gene splicing the most powerful discovery since the splitting of the atom — a tool to
examine and potentially change the complicated machinery of heredity. When a gene is inserted into
bacteria, it can act as a probe that lets scientists see precisely what it does.

Based on those remarkable breakthroughs, a handful of molecular biologists began developing practical
uses for them, and establishing private companies to market them commercially. Others in the scientific
community were more circumspect. They believed that recombinant DNA would revolutionize a number
of industries, including pharmaceuticals, but not for a while.®

Top left photo: Fritz Lipmann, James D. Watson and Phillip Sharp
at June Symposium, 1979. Middle photo: Kenneth Murray and
Charles Weissmann, 1980. Bottom photo: Walter Gilbert,

Phillip Sharp and Kenneth Murray.
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1978-1979

The adventure begins

Even though the potential of biotechnology was being met with skepticism —
particularly among chemists who dominated medical research at most of the major
pharmaceutical companies — Biogen NV was established in Switzerland. It joined
just three other companies that had been established to commercialize recombinant
DNA technology: Genentech, Cetus and another tiny start-up called Genex.”

The accomplishments of Biogen’s founders — Walter Gilbert, Kenneth Murray,
Heinz Schaller, Phillip Sharp and Charles Weissmann — formed a solid foundation
on which to build an impressive record of biotech innovations.

BICQSEN

Photo of founding boardroom plaque
in Geneva, with original logo.
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Biogen Group, 1978.

Harvard biologist Walter Gilbert was a leading figure in his field. In the 1970s
he worked to develop new techniques for rapid DNA sequencing. At a time
when molecular biologists were focused on deciphering the genetic code and
sequencing amino acids in proteins, Gilbert devised a method to read the
nucleotide sequence for entire genes.

When Gilbert joined the founding Scientific Advisory Board of what became Biogen
(he later became the company’s CEO), his participation helped the new company
recruit top scientific talent in the United States and Europe and encouraged many
of his professional colleagues to follow his example. In so doing, Gilbert became
a linchpin in the formation of the contemporary biotechnology industry.®

Humble beginnings

“Biogen was created on a napkin in a Chinese restaurant where we were writing
down the names of the European scientists who were going to be invited,” said
Phillip Sharp, Gilbert’s MIT-based colleague. “The biggest challenge we faced early
in organizing Biogen was to find people knowledgeable in the technology and

who were knowledgeable also in the pharmaceutical way and how to take new
innovations to the marketplace, to be able to help people.”®

Gilbert, Sharp and seven leading European scientists gathered for the first
meeting in Geneva. Gilbert and Sharp recommended that the event be promoted
as a scientific gathering rather than a business meeting, so as not to offend
academic sensibilities.©

Future founding partners Charles Weissmann and Kenneth Murray were part
of the group, all of them motivated, in part, by the opportunity to meet some
of the leading biological scientists at the time. Weissmann warmed to the idea
of commercial engagement only after learning that Gilbert would be involved.
“As Wally was one of the molecular biologists whom | admired unreservedly for
both his superb mind and his capacity for promoting achievement, it seemed
to me that whatever drawbacks my involvement with a commercial venture
might bring, an association with Wally would be a redeeming feature,”
Weissmann said.**

“What inspired us to create Biogen was the awareness that this technology
of recombinant DNA, the ability to sequence genes, offered enormous value
to society,” Sharp recalled.*?

American physicist, biochemist and molecular
biology pioneer Walter Gilbert.

After two fascinating days, the group agreed to meet next in Paris. At this
second gathering, the scientists discussed potential cloning projects, among
them: insulin; interferon, a cytokine with antiviral and possibly anticancer
properties; erythropoietin, a hormone that could potentially stimulate the
proliferation of red blood cells in patients with anemia; growth hormone, a
possible replacement therapy for various kinds of deficiencies; and hepatitis B
surface antigen to serve as the active component of a vaccine.

“It seemed that it was almost a public duty to do it as a scientist, to move

this technology into the private sector and try to develop it,” said Sharp.*®

The academicians also saw that establishing an industrial research operation
would be an opportunity to support the scientific enterprise. Venture capitalists
were promising to fund research in university laboratories, which would

create training and employment opportunities for graduate students and
postdoctoral fellows.

“It probably wasn’t going to work,” Murray said at the time, “but it would be fun,
and if we did all of these things together, we would make a lot more progress
than pursuing them in isolation. It would be another source of funding for some
of our research, so maybe we could give it a try.”**

GCTACGTA 3’

2N

Cleavage at: A+G (€] C C+T

Vol

sequencing diagram GCT GCTAC G ©
An example of Maxam-Gilbert GCTAC (G0 e

sequencing reaction. Cleaving the GCTACGE ;Sico
same tagged segment of DNA

at different points yields tagged

fragments of different sizes. The

fragments may then be separated

by gel electrophoresis.

Sequencing Gel

Pioneers of Neuroscience: 40 Years of Innovation | 11




Becoming a business

All the start-up biotech companies at that time faced significant obstacles,
struggling to define business models and develop paths to long-term growth
and profitability. Three factors were crucial for getting Biogen up and running:
recombinant DNA technology; capital; and scientific stars.

Gilbert’s importance to the business was key. An outstanding scientist and
expert gene splicer, Gilbert had a reputation that assured investors that Biogen
possessed the capabilities it needed to meet competitive challenges. His stature
in the scientific community also helped the company recruit top researchers.
Ultimately, his decision to join the company transformed academic perceptions
of industrial research.

According to Helen Donis-Keller, a former student of Gilbert’s who took a job at
Biogen in 1981, most molecular biologists assumed that only second-rate people
worked in industry. And many saw so-called applied science as the province

of hacks who lacked the insight or creativity required for basic or pure inquiry.

HBV DNA

Core

Polymerase

Queen Elizabeth and Sir Kenneth Murray; hepatitis B virus.
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But when big names in science began hitching their wagons to new biotech
companies, negative attitudes about commercial engagement began to evaporate.
With the caliber of the science getting under way at Biogen and the names on

the company’s Scientific Advisory Board, including Gilbert, the shift was rapid.

In 1979, when Biogen set up its first central lab in Geneva, Gilbert recruited
Welsh microbiologist Julian Davies to serve as the company’s first director

of research.®®

Each of Biogen’s cofounders chose projects they could pursue for the company.
Murray’s work focused on hepatitis B, leading to the accurate detection of
hepatitis B exposure and, eventually, a vaccine against hepatitis B. No hepatitis
vaccine existed at the time because the virus could not be cultured, and the
only source of viral protein was from virus particles purified from patient serum.

Murray thought it would be possible to join viral DNA to a vector and make
proteins for a vaccine in bacteria. This proved to be correct. The project was
a success and led to Biogen’s development of a vaccine against hepatitis B,
the first based on recombinant DNA technology.®

A succession of award-winning discoveries

Walter Gilbert received the prestigious Albert Lasker
Medical Research Award in 1979 for discovering
rapid DNA sequencing techniques, which ignited the
culture of innovation and breakthroughs at Biogen.
Phillip Sharp received the Nobel Prize in Physiology or

M-HBsAg Medicine for his 1977 discovery of split genes. And
S-HBsAg Kenneth Murray was knighted for his 1979 discovery
L-HBsAg of hepatitis B antigens.

The discoveries continue

In 1979, the same year Gilbert received the Lasker Award, Weissmann
successfully cloned biologically active human leukocyte interferon
(interferon alpha).

When Weissmann cloned interferon alpha — considered a major therapeutic
target — “the discovery was just hurled across the country and the world,”
said Sharp. “And it told us that we could add something very special to the
very new possibilities of treating patients.”*’

As noted earlier, Murray’s synthesized bacteria of hepatitis B virus protein
antigens was another breakthrough that would be developed for a commercially
viable vaccine by the middle of the next decade.

Thus, Biogen came into being with the idea that the classical methods of vaccine
development might become things of the past. Even though those classical
methods had given the world the polio vaccine, among many others, recombinant
DNA technology could have the capacity to supercede this, potentially leading

to a vaccine for hepatitis C.

This new capability — to directly manipulate the very substance that makes
up genes — could make drugs, like the antiviral agent interferon, into possible
weapons against cancer as well as potential vaccines against hepatitis

and malaria.

The future of biotech companies, however, was complicated by the fact that few
businesspeople at the time could understand the science, and few scientists
could understand the business mind set needed to succeed.

Charles Weissmann as he
holds up a tray of cells that
display interferon activity.
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The 1980s

Walter Gilbert.
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1980-1982

In 1980 Gilbert was awarded the Nobel Prize in Chemistry for his work on DNA
sequencing. Two years later, he took a leave of absence from Harvard University
to run Biogen as CEO and Chairman.

Many of the company scientists supported Gilbert's move to be CEO, especially
Weissmann. Weissmann believed Gilbert had rare qualities and a good chance for
success in the role: he was intellectually brilliant, understood both science and
business and was a tough negotiator.

Gilbert also thought he was the right person to lead. “I wouldn’t have done it in
a nontechnical company,” he said, “but it felt perfectly natural to step forward
and say to the board, ‘I want to be CEQ."*®

With an initial business model focused on developing new compounds that might
later be used to create new drugs, Biogen would license the compounds to large
pharmaceutical companies that had the infrastructure and experience to bring
new therapies to market.

The most innovative square mile on the planet

By the early 1980s Biogen had established its roots

in Cambridge, Massachusetts by opening a research
facility and company headquarters in Kendall Square,
near MIT and Harvard. That location is where research
was blooming and where you could find the best scientific
minds who were eager to exchange ideas and collaborate
on shared goals. With its home in Kendall Square, Biogen
helped create and strengthen what would become a
major science hub, called by some the most innovative
square mile on the planet. It's one of the main reasons
Biogen has been able to attract top talent for decades.

Licensing interferon beta

Based on Weissman'’s big success for the company of cloning interferon alpha two
years earlier, Biogen focused on interferon beta. Schering-Plough was one of the
few early corporate investors in Biogen. As part of the terms of this investment,
they had the right to three interferon projects: alpha, beta and gamma (Biogen
later re-acquired these rights). And in 1986, Schering-Plough successfully used
the Biogen-developed compound to bring Intron A (interferon alfa-2b) to market

for the treatment of hairy cell leukemia.

The new drug was the first of a new class of “biological” anticancer agents: they
are recombinant versions of rare, naturally occurring proteins that the body itself
uses to fight tumor-cell growth and infections. Some biotech executives and
analysts at the time said the U.S. Food and Drug Administration’s (FDA’s) relatively
quick approval of interferon alpha was a good sign for similar anticancer drugs,
including other forms of interferon in development.

A significant advantage for getting such types of drugs approved is that they are
like proteins that occur naturally in the body; they don’t have the toxicity that can
cause problems with traditional kinds of drugs.*®

From left to right: 1982 Cambridge building; test of interferon alpha
activity; scientific board meeting, 1982.

Biogen Green Cross meeting, 1981.

A new hepatitis B vaccine and translational research

As the market launch of Intron A for the treatment of leukemia was being planned,
Biogen’s hepatitis B vaccine was approved in 1982. This established an early
revenue stream for the company. Before that, a vaccine was available but in
extremely limited amounts because it had to be derived from the blood of
hepatitis B carriers. Murray found a way to create it synthetically. The associated
patent was cited in 2002 by IP Worldwide Magazine as one of one of ten patents
that changed the world.

Today, more than one billion doses of the hepatitis B vaccine have been
administered worldwide against a virus that has infected 257 million people

and that kills approximately 887,000 people every year. In the global hepatitis B
vaccine market, more and more countries are adopting World Health Organization
recommendations calling for the vaccination of newborns, teenagers, healthcare
workers and other at-risk populations.?°

By demonstrating how academic lab work could have real-world benefits, Murray
became one of the first advocates of translational research. Murray said that, at
the time, he was widely criticized for getting involved with industry. However, soon
after, some of his most vocal critics followed his lead as he pursued his goal of
improving the lives of thousands of patients through the commercialization of
drugs he had developed in his labs, in partnership with a for-profit company.

Sharp said that Murray’s contribution to recombinant DNA — artificial DNA created
by combining sequences from two different sources — can’t be overestimated.
“His science supported the whole of genetic engineering.”
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From left to right: 1983 shareholders’ meeting;
Cambridge employees; IPO document.

1983-1984

A bump in the road

As the genetic engineering revolution continued, however, dark clouds were
appearing on the company’s horizon. By the time Gilbert took the reins as
CEO, Biogen had already lost a number of competitive races to clone genes
for human proteins.

Gilbert wanted to transform Biogen from a boutique research company into a

fully integrated commercial corporation. With no product revenues realized and
none in sight though, his goals appeared very ambitious. So, he directed the
company’s Research & Development unit to concentrate on high-margin therapies
with the potential to generate annual revenues in excess of $100 million. He
further increased research spending in hopes of achieving a major breakthrough.?*

In 1983 his plans were bolstered when Biogen became a Nasdag-listed
company following the completion of its initial public offering (IPO). The stock
offering brought in needed funding and extended the research runway,
especially for the development of anticancer drugs like interferon.

Unfortunately, in the ensuing months, the market was not kind to Biogen
and the stock price started to drop.
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Walter Gilbert. Harvard University file photo.

James Vincent, chairman and CEO of Biogen,
from 1985 to 2002.

Mark Skaletsky, one

of Biogen'’s first three
employees and a former
chief operating officer
and president, addressing
team, 1983; first

Biogen manufacturing
building in the U.S.,
Cambridge, 1983.

Strengthening management

By December 1984 the stock continued its descent and the company was not
able to stem cash losses. So, Gilbert stepped down as CEO. Despite the fact that
he was a great scientist, the growing consensus was that company leadership
needed to be based on a business management perspective.

The company hired James L. Vincent to succeed Gilbert for the top spot, and
Gilbert returned to the academic world. Prior to joining Biogen, Vincent had been
group vice president of Allied Corp., president of Allied Health and Scientific
Products Co. and chief operating officer of Abbott Laboratories.??

Such top-level changes in biotechnology companies were becoming more
common, representing a strategic maneuver to place experienced executives at
the helm. As described by Daniel S. Gregory, chief executive officer of Greylock
Management Corp., a Boston venture capital company, such executives
possessed “the ability to go from the idea stage to making it happen.” It was
thought that business managers like Vincent were, in some cases, better
qualified to steer these companies’ futures than their founders.??

Under Vincent, Biogen worked to raise money, cut expenses and build an
executive leadership team that got the company firmly back on its feet.
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1985

A partner comes into view

As the Cambridge-based company was breaking ground in genetic engineering —
but experiencing growing pains as a profitable business — Silicon Valley venture
capitalists were joining forces with research scientists to establish IDEC
Pharmaceuticals in San Francisco. Little did anyone know at the time that
Biogen and IDEC would formally merge in less than 10 years.

Much of IDEC’s initial work centered on monoclonal antibodies to treat non-
Hodgkin’s lymphoma — specifically, B-cell ymphoma, a cancer of the immune
system afflicting approximately 240,000 people in the United States. Monoclonal
antibodies were used to bind to targeted tumor cells and either destroy them

or suppress their growth, leaving healthy cells unharmed.

Since monoclonal antibodies had the ability to target specific cells, they also
worked well in combating autoimmune and inflammatory diseases. So, logically,
another part of IDEC’s research and development work could focus on such
diseases as rheumatoid arthritis, psoriasis and multiple sclerosis.?*

IDEC employees, 1989.

1986-1989

The patent covered the genetic engineering of all hepatitis B surface and core
antigens which stimulate the immune system to make antibodies that fight
particular microbes.

Hepatitis, a major cause of liver cancer, is a viral infection caused by exposure
to blood contaminated with the disease, most often through sexual activity or
sharing of needles. At that time, approximately 300,000 people a year became
afflicted with hepatitis B in the United States, and there are more than

250 million carriers worldwide and 2 million associated deaths annually.?®

After becoming available, the genetically engineered vaccines and diagnostic
tests rapidly replaced the earlier products which used components derived from

the blood of hepatitis B carriers. This created a $200-million market opportunity.

At that time, U.S. efforts to reduce the incidence of hepatitis B using the earlier
tests and vaccines had proved largely ineffective. As a result, some physicians
were calling for broader vaccination coverage of the population to prevent the
spread of this disease.

“Controlling hepatitis B will require a change of strategy, away from targeting
those at high risk and toward universal hepatitis B vaccination,” said Dr. Jay H.
Hoofnagle, from the National Institutes of Health, in an editorial in the New
England Journal of Medicine.?"

As demand increased, cross-licensing agreements eliminated the possibility
of a legal battle over rights to the vaccine technology between SmithKline and
Merck, the two main sellers of genetically engineered vaccines for hepatitis B,
as well as giving Biogen a signficant source of revenue.

Malaria, image by Ute Frevert;
false color by Margaret Shear.

Targeting malaria

Biogen was also busy with a genetic engineering collaboration on another
important medical front. By joining forces with Behringwerke A.G., a Hoechst
subsidiary, Biogen hoped to develop a vaccine for malaria using genetically
engineered antigens. With no vaccine available at that time, the mosquito-carried
disease was affecting more than 100 million people around the world.

Once again, Biogen scientists had genetically engineered certain antigens

On the commercialization side, with FDA approval,
Schering-Plough began selling interferon alfa-2b to
treat hairy cell leukemia. This was the first Biogen-
developed product brought to market and the first
genetically engineered drug to treat cancer.

Targeting hepatitis B

Biogen also signed new licensing deals with Merck,
SmithKline and Abbott, allowing those companies

to use Biogen discoveries in their commercialization
of hepatitis vaccines and diagnostic kits. Merck and
SmithKline used this technology to manufacture and
Biogen expanded its Cambridge research and sell hepatitis B vaccines and Abbott manufactured
manufacturing capabilities, including the addition and sold hepatitis B diagnostics. These licensing

of perfusion cell culture technology. Two years later, deals followed the grant of a broad U.S. patent to

Biogen, based on Murray’s groundbreaking work, that
Corporation, through Steven Schneider, i covered genetically engineered hepatitis B products.
vice president; https://www.si.edu/object/ as a public company. & y g P P

nmah_1000950. They generated important revenues for the company.2®

that induced humans to make antibodies that confer immunity to malaria.
These antigens mimicked the surface appearance of the disease, fooling
the human immune system into developing antibodies. Behringwerke then
tested and produced the vaccine because Biogen did not yet have the
manufacturing capabilities.

In 1986, with the business climate brightening, As with hepatitis B, at that time, emergent genetic engineering offered the

promise of producing malaria vaccines more safely and less expensively than

Intron A; interferon alfa-2b recombinant, the existing technologies.?®

5 million International Units from National

Museum of American History; gift of Schering the company reported its first profitable quarter By the end of the decade, with so many clinical and business opportunities

emerging from its pioneering research, it was clear that Biogen was not only
surviving, but also growing stronger. It was on its way to becoming a fully
functioning biotechnology company with laboratory, production and
commercialization capabilities.

Chart from U.S. patent
for interferon.
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The 19905

The evolution of AVONEX

By 1990, Biogen had been working to develop a pipeline that would provide

a steady stream of new therapies, including interferon beta, for which Biogen
had originally transferred rights to Schering-Plough along with its better-known
relative, interferon alpha.

Even though interferon alpha became a successful therapy for hepatitis and
various leukemias, the prevailing belief was that the two molecules were too
similar to warrant developing both of them. Biogen’s lead scientists, however,
were convinced that interferon beta had its own place in the market. With the
company juggling the high costs of financing clinical trials, the National Institutes
of Health financed a small trial using interferon beta to treat multiple sclerosis —
but it was considered a long shot.?°

In the early 1990s, as research continued, Biogen held off expanding
manufacturing, marketing and sales infrastructures, knowing that the ground
was littered with other companies that had built such infrastructures for drugs
that ultimately failed. Biogen had to either add staff or contract out to manage
multiple trials.

1993-1996

To maintain flexibility, as the company’s researchers continued advancing their
work, Biogen chose to outsource clinical trial management using contract
research organizations. “In a small company, integrated knowledge and expertise
are critical,” Phillip Sharp said.3°

The data on the use of interferon beta to treat relapsing multiple sclerosis
turned out to be surprisingly strong. Multiple sclerosis is the most prevalent
inflammatory disease of the brain and spinal cord. Symptoms often begin

in young adulthood and include motor paralysis, visual disturbances and
blindness, bowel and bladder incontinence, sensory loss, loss of motor
coordination and ataxia.

At the end of two multiple sclerosis clinical trials using Biogen-produced interferon
beta, for those who received the active drug, they found: 78% experienced no
increase in physical disability; 32% had a reduction in lapses, with 44% less likely
to experience a relapse over the next three years; and 75% had a reduction in
the number of brain lesions, often a result of multiple sclerosis progression.3!

Phillip Sharp celebrating his Nobel Prize, 1993.

Biogen believed clinical trials of its interferon beta drug were the first to not
only slow the progression of relapsing multiple sclerosis, but to also lessen
some side effects of the disease, like vision problems and poor coordination.

When the FDA approved Biogen'’s interferon beta product in 1996, marketed
as AVONEYX, it launched Biogen'’s first commercialized drug onto the U.S. market.

“We believe very strongly that we have the drug patients will demand,” said
Vincent, Biogen’s chairman and chief executive officer, in an interview. “We have
the claim, for the first time ever, that we reduce the rate of increase in disability,”
as well as causing fewer side effects, he added.

From left to right: Biogen’s
Research Triangle Park,
North Carolina manufacturing
plant; AVONEX products kit.
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Creating a fully integrated company

AVONEX’s evolution coincided with Biogen’s transformation from a research and
development partner to a fully integrated biotech company that brought the drug
to consumers. It was a challenge building a supply chain from scratch which
included developing four key elements: bulk manufacturing, formulation,
packaging and final warehousing and distribution.

James Mullen, who at the time was Biogen’s vice president of operations,
proposed a novel approach to creating a biotech value chain. Instead of develop-
ing the entire supply chain, the plan was to expand Biogen’s bulk manufacturing
capability and outsource other aspects of the process to three key suppliers.
The company manufactured AVONEX at the Cambridge facility, where capacity
would soon be expanded.

Within 35 hours of its approval, AVONEX reached pharmacy shelves — a record
within the industry at the time. Six months later, AVONEX became the market
leader for multiple sclerosis treatment. Sales growth outside the United States
was another significant part of its success, achieved largely due to Biogen’s
strong marketing network, which included 21 countries and distribution partner-
ships in 70 countries.®?

But not only was AVONEX a medical breakthrough; it also became a financial boon
for the biotech industry. Showing the enormous potential of biopharmaceuticals
by revolutionizing the treatment approach to multiple sclerosis, the drug sparked
an increase in the sale of biotech drugs by 16% in one year.

FDA approves RITUXAN

As Biogen’s evolution continued, its future merger partner, IDEC, formed a
collaboration with Genentech to accelerate the development of the anticancer
treatment RITUXAN.

Approximately 250,000 patients in the United States live with B-cell non-Hodgkin’s
lymphomas (NHLs), which are malignancies of the body’s antibody-producing
immune system cells. Approximately one-half are patients with low-grade
lymphomas, with a portion of them having multiple relapses.

Phase 1 trials started in 1993 and Phase 3 trials concluded in 1997. In 1997,
with the help of Genentech’s regulatory expertise, IDEC filed for FDA approval.
In November 1997 the FDA greenlighted RITUXAN, the first monoclonal antibody
to be approved as a cancer treatment.

As an alternative to chemotherapy and radiation treatments, RITUXAN quickly
became the leading treatment for NHL. Unlike the typical four- to six-month
chemotherapy regimen or high-dose radiation treatment, RITUXAN could be
administered in four infusions on an outpatient basis over a 22-day period.3®

As RITUXAN proved to be a winner, IDEC focused on the next drug it intended to
commercialize. ZEVALIN was a therapy also designed to treat B-cell non-Hodgkin’s
lymphoma and was approved in 2002. It demonstrated the ability to kill malignant
cells with a monoclonal antibody that is combined with radiation, making it the
first radioimmunotherapy to enter the market.*

From left to right: Phillip Sharp
in Cambridge building, in the

1990s; Lab tech, Mountain View,

1992; Lab tech; RITUXAN
packaging; San Diego Union-
Tribune front page; Tumor
shrinkage Phase 1 trial, 1993;
Background: unaligned DNA
base sequences (photo taken
from computer screen).
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Biogen chairman and CEO James Vincent accepting 1998 National Medal of Technology
and Innovation award from U.S. President Bill Clinton; Inset: close-up of Medal.
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1998-1999

The National Medal of Technology and Innovation

Considering the honors Biogen’s founders and researchers had garnered over
the years, it was only a matter of time before the company itself was recognized.
In its first two decades, the Cambridge-based biotechnology company had devel-
oped groundbreaking treatments for a variety of rare diseases.

So, in 1998, just before the dawn of the new millennium, Biogen was awarded
the National Medal of Technology and Innovation, the highest distinction
bestowed by the U.S. government on America’s leading technology innovators.
Biogen was selected for its leadership in applying breakthroughs in biology to

the development of lifesaving and life-enhancing therapies. Biogen’s products,
designed to treat large, previously underserved patient populations throughout
the world, included the development of hepatitis B vaccines. As the first company
to use recombinant DNA technology therapeutically, Biogen went on to develop
treatments for leukemia, hemophilia and multiple sclerosis.

Despite the honor of receiving the National Medal of Technology and Innovation,
the company suffered a setback in late 1999 when it halted trials of ANTOVA, an
immune system regulator, after some clinical trial participants developed blood
clots. Proceeding more smoothly through the approval process, however, was
AMEVIVE, a drug to treat the skin disease psoriasis, which was approved by the
FDA in January 2003.

Also in the pipeline was a congestive heart failure treatment called ADENTRI.
And Biogen was investigating other potential uses for AVONEX, sales of which
reached $621 million in 1999 due in part to geographic market expansion.s®

The 2000s

Top: A sign outside a building
on Biogen Idec’s campus in
Cambridge, Massachusetts.
Right: Lab coat.

2000-2005

In 2002 the CEO of IDEC, William Rastetter, met with the new Biogen CEO
James Mullen. The pair discussed collaborating on treatments for autoimmune
disorders, but their conversation led to a relationship far deeper than a
collaboration arrangement.

Biogen merges with IDEC

In fact, their discussion spawned a $6.79-billion merger of the two companies
which was announced in June and completed in December 2002. The merged
company, based in Cambridge and called Biogen Idec Inc., became one of the
largest biotechnology companies in the world. Only California-based companies
Amgen and Genentech were larger.

One of the few integrated companies in the biotechnology industry that managed
a drug from discovery to manufacturing, Biogen Idec represented a still relatively
new breed of companies.

Rastetter and Mullen realized the complementary nature of their capabilities,
combining IDEC’s expertise in developing cancer treatments (RITUXAN was
generating $1.5 billion in sales) with Biogen’s expertise in recombinant DNA
technology, hepatitis treatments and multiple sclerosis, including AVONEX,
the first multiple sclerosis product to achieve $1 billion in sales.

The greatest advantage of the merger was the size of the combined organization,
which would have far more money to spend on research and development and
investment in new drug candidates.®®
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Manufacturing
facility in RTP, North
Carolina, 2002.

After the completion of the merger, Biogen Idec had 10 potential therapies in
various stages of development. These included: in Phase 2, natalizumab, later
to be known as TYSABRI, a promising new treatment for multiple sclerosis and
Crohn’s disease; in Phase 3, AMEVIVE, a treatment for psoriasis; and, in pre-
clinical stage, an oncology program involving interferon beta use in gene therapy.

By uniting the two companies, “you’re getting much better research and a
broader pipeline,” said analyst Navid Malik of Williams de Broe, noting
that the consolidation made the company larger and more attractive to
potential licensees.®”

The deal was also among the first in the biotech industry designed to realize
cost savings from shared operations, with the combined company expecting
to save $300 million over the next few years.s®

The title of chief executive officer was awarded to Mullen, and Rastetter
assumed the role of executive chairman. These two executives took charge
of a company that was now a powerful player in the business of biotechnology
and whose origins had sprung from two small biotech start-ups that had
achieved success in drug development.
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By 2004, Biogen Idec had begun moving some of its operations to its new
sprawling “Nobel Campus” near San Diego in University Towne Center, a
construction project begun by IDEC in 2001. That same year the company
posted revenues of $2.21 billion.

Increasing biomanufacturing capacity

Another major move was the expansion of biomanufacturing capabilities.

Biogen Idec’s 250,000 square-foot facility in Research Triangle Park (RTP),

North Carolina, whose construction was completed in 2002, boasted 90,000
liters of bioreactor capacity and the potential to accommodate 120,000 liters,

a scale unique in the industry. A new Oceanside, California manufacturing facility
built by IDEC would have matching capabilities, and the company was planning
to build another large-scale manufacturing facility in Hillergd, Denmark.

In time, Biogen Idec expected to control a total of 300,000 liters of
biomanufacturing capacity, including Biogen'’s original 6,000-liter-capacity
manufacturing site in Cambridge.

With such a large biomanufacturing capacity, Biogen ldec would be able to
expand its collaborations, with the goal of becoming a collaboration partner

of choice for the codevelopment of innovative biopharmaceuticals. Products
developed through such alliances include TYSABRI, with Ireland-based Elan
Corp., and the adaptation of RITUXAN for rheumatoid arthritis, with Genentech,
Hoffmann-LaRoche and Zenyaku Kogyo.

With more financial resources and a reputation as a world-leading
biomanufacturer, Biogen Idec was also well positioned to attract product
in-licensing or acquisition opportunities that could enhance growth without
greater risk, as well as expand collaborative research with academic
institutions and teaching hospitals.

2005-2006

Seizing external opportunities

After the merger, Biogen Idec announced a comprehensive strategic plan to
position the company for long-term growth, as AVONEX (which had become the
leading therapy for multiple sclerosis worldwide) and RITUXAN continued their
strong performances in the marketplace.

The plan was designed to reduce operating expenses by divesting noncore
assets and discontinuing unproductive or redundant activities and programs.

It also sought to commit significant additional capital and resources to business
development and promising research opportunities and to enhance innovation
in the organization’s culture.

“While Biogen Idec is well poised for near-term success, we believe that to
continue to deliver for patients, employees and shareholders requires a bold
reshaping of the company in an effort to generate high-level, sustainable growth
beyond the current decade,” said CEO James Mullen.3®

Biogen was definitely in an expansion mode, which included discussions with
regulatory authorities about natalizumab (TYSABRI) for people with multiple
sclerosis in the United States and its potential launch in Europe as well as the
launch of RITUXAN for rheumatoid arthritis in the United States. Plans were also
under way to market BG-12 in Germany to treat psoriasis. BG-12 would become
known as TECFIDERA, an oral treatment for relapsing multiple sclerosis.

And starting in 2006 the $200 million earmarked for research and business
development helped propel the growth effort. By comparison, the company
had set aside approximately $50 million for those purposes in 2005.

CEO James Mullen acknowledging the Biogen Idec
merger at Nasdaq.
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On March 8, 2006, in
Gaithersburg, Maryland,
an FDA advisory panel
holds a discussion about
whether multiple sclerosis
drug TYSABRI should be

allowed to return to market.

The challenging development of TYSABRI

Biogen’s strong commitment to research was exemplified by the development
and launch of TYSABRI (natalizumab), a new therapy for treating relapsing
forms of multiple sclerosis and the first selective adhesion molecular inhibitor
designed to reduce inflammation.

“A first-line approval would give people with multiple sclerosis access to a highly
efficacious treatment earlier in the course of the disease, potentially leading

to better outcomes,” said Alfred Sandrock, Biogen Idec senior vice president

of neurology research and development at that time. “This is an important consid-
eration for people with multiple sclerosis who may want or need more efficacy.”*°

But shortly after TYSABRI was approved by the FDA, the drug was linked to three
cases of progressive multifocal leukoencephalopathy (PML), a rare and potentially
fatal demyelinating disease of the central nervous system. In response, Biogen
and its collaboration partner Elan Corp. promptly withdrew it from the market.

Focusing solely on what was best for patients, Biogen and Elan then devoted
significant resources to better understand the JC-virus (JCV) and PML, this
rare condition caused by a mutation of JCV. The companies also launched a
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comprehensive risk management plan to review the safety risks of 3,000 patients
involved in the trials, working closely with the FDA, the National Institutes of
Health and the European Medicines Agency to complete the evaluation in

record time.

“Because we believe in the promising therapeutic benefit of TYSABRI, we are
working to evaluate this situation thoroughly and expeditiously,” said Burt
Adelman, Biogen Idec executive vice president of development at that time.
“While we work through this matter, we must place patient safety above all
other considerations.”#*

During a standing-room-only, two-day hearing, held as part of the FDA’s evaluation
of whether or not to approve the return of TYSABRI to the market, dozens of
patients gave heartrending testimony about their conditions and their desire to
be treated with TYSABRI.

One emotional 36-year-old woman said TYSABRI had given her more energy and
enabled her to move about without a wheelchair, which she had become forced
to use again. She sobbed frequently while describing how her symptoms had
worsened since TYSABRI's withdrawal. Another patient testified that the drug had
helped her feel well enough to walk to a pond near her home with her five-year-old
son. “And | did smile more often,” she said. “That is what hope does.”*?

Biogen manufacturing
employees, 2006.

In March 2006, with no new confirmed cases of PML beyond the three previously
reported, along with the inclusion of a black box warning in the label and the
TOUCH risk mitigation program in place, the FDA's Peripheral and Central Nervous
System Drugs Advisory Committee unanimously recommended reapproval of
TYSABRI for the treatment of relapsing forms of multiple sclerosis.

From the increased understanding of JCV and PML, the companies developed a
new, more accurate way of detecting anti-JCV antibodies in serum samples taken
from patients. Because JCV exposure has been associated with patients at higher
risk of developing PML, this test has helped segment patients who may have an
increased risk of developing this disease. These data support the companies
ongoing clinical trials.

Around the same time, Biogen Idec and its development partners, Genentech
and Hoffmann-LaRoche, announced the successful outcome of Phase 3 trials
for the use of RITUXAN to treat rheumatoid arthritis (RA). The FDA approved
RITUXAN in combination with methotrexate for adult patients with active RA in
whom one or more anti-tumor-necrosis-factor therapies have failed to produce
an adequate response.

Biogen ldec also studied RITUXAN in combination with ZEVALIN targeted at
cancer-killing radiation to B-cell tumors while sparing most normal tissues.
In September 2006, after a priority review, the FDA approved two additional
uses for RITUXAN for patients with CD20-positive B-cell NHL.

Expanding areas of investigation

As a leading developer of innovative therapies for multiple sclerosis — AVONEX
and TYSABRI — Biogen Idec began to further expand its reach in neurology

by focusing on areas of high medical need: for conditions such as Parkinson’s
disease, stroke, Alzheimer’s disease, neuropathic pain and spinal cord injury.

In total, Biogen Idec had 15 programs in various stages of clinical trials by
2006, with several more expected to follow. To manage that ambitious lineup,
the company was attracting top talent, developing early-stage collaborations
with academic centers and looking for research and development collaborations
with other companies, such as Neurimmune Therapeutics AG and Syntonix
Pharmaceuticals.
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2007-2008

The search for an Alzheimer’s treatment

The next year, Biogen Idec and Neurimmune Therapeutics AG, based in
Switzerland, announced their agreement to develop and commercialize novel,
fully human antibodies for the potential treatment of Alzheimer’s disease.
The alliance was designed to focus on the development of antibodies that
bind to amyloid, a pathogenic molecule thought to cause neurodegeneration
and loss of cognitive function in patients with Alzheimer’s.

Considered by many to be the number one public health crisis, Alzheimer’s
disease is the most prevalent age-related neurodegenerative disease. It typically

Alzheimer’s patient.
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causes a progressive loss of cognitive functions, particularly those related to
memory. The accompanying decline often leads to death years after diagnosis
and places a staggering toll on loved ones and caregivers.

Worldwide, 30 million people had Alzheimer’s disease or a related dementia
in 2008 (expected to be 59 million by 2030), and only 1 in 4 people with the
disease have been diagnosed. Most common in western Europe and North
America, 1 in 10 Americans older than 65 years of age has Alzheimer’s
disease, the only disease among the leading causes of death that cannot
be cured or prevented.

In the agreement, Neurimmune would conduct research to identify potential
therapeutic antibodies, and Biogen ldec would develop and commercialize
all products.

“Biogen ldec has the manufacturing, development and commercialization
capabilities to leverage our discovery and technology expertise. With the
company’s extraordinary experience in the development of biopharmaceuticals
as well as its deep history in neuroscience, Biogen Idec is the perfect partner
for Neurimmune,” said Edward Stuart, Neurimmune’s CEQ.*3

TYSABRI (natalizumab)

Space-filling model of the Fab
fragment of the monoclonal antibody
natalizumab (pink/purple) bound to

the headpiece of a4fB7-integrin (teal).

From top left, clockwise: Progression
of Alzheimer’s disease in brain scan;
Biogen Idec facility in Hillergd,
Denmark, 2008.

A new application for TYSABRI

As a leader in the discovery and development of multiple sclerosis therapies,
Biogen ldec was also finding new uses for some of its compounds. In 2008 the
FDA approved TYSABRI for refractory moderate-to-severe Crohn’s disease showing
evidence of inflammation. As a humanized monoclonal antibody, TYSABRI targets
alpha-4 integrin, an adhesion molecule involved in inflammatory processes.*

Existing therapies at the time had either failed or could not be tolerated by a
substantial portion of the 500,000 individuals in the United States with Crohn’s
disease. TYSABRI had been shown to induce and maintain disease remission in
individuals with moderate-to-severe Crohn’s disease for longer than two years.

“The FDA's approval of TYSABRI is an important step forward in the treatment

of Crohn’s disease,” said A. Stephen Hanauer, chief of the Section of
Gastroenterology at the University of Chicago. He added, “the unique mechanism
of action of TYSABRI affords us a new class of therapy in our fight against

this debilitating disease.”*®

The effort to expand the company’s multiple sclerosis portfolio continued as
well. Investigational compounds for multiple sclerosis in the pipeline included
daclizumab in Phase 2 trials and BG-12 in Phase 3 trials. Daclizumab is a
humanized monoclonal antibody that binds to receptors on T cells and is
designed to offset inflammatory and immune processes in the body. BG-12
is an oral formulation of dimethyl fumarate, a compound shown to activate a
pathway associated with reducing oxidative cell damage and inflammation.
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1he 2010s

The new decade unfolded for Biogen Idec with a new CEO, George Scangos,

as the company entered its fourth decade. Succeeding James Mullen, who retired
from the company, Scangos brought nearly 25 years of experience in the biotech-
nology and pharmaceutical industries. He joined the company from Exelixis, Inc.,
where he had served as president and CEO, having advanced a pipeline of 14
clinical compounds and forged numerous strategic partnerships — experience

of great value to Biogen.

“Science is at the heart of our business, and George has an exceptional
scientific background, as well as significant operational expertise and a strong
leadership track record,” said Biogen Idec chairman William D. Young.4¢

Scangos joined at a time when Biogen Idec had achieved record revenue —
$4.7 billion for 2010. It also had significant opportunities to drive the growth

Forbes magazine article
on Biogen, 2012.

of AVONEX, TYSABRI and RITUXAN and prepare the organization and marketplace
for potential new therapies, including potential treatments for hemophilia and new
variants for multiple sclerosis.

One priority was to advance Biogen Idec’s promising pipeline with a new head of
Research & Development (R&D), Doug Williams, and Tony Kingsley, who was hired
to run commercial operations. Coming on board in 2011, Williams and Kingsley
joined an experienced team ready to move the company forward.

Treating leukemia

At around that time, RITUXAN proved to be an even more versatile treatment
as the FDA approved it in combination with fludarabine and cyclophosphamide
for people with chronic lymphocytic leukemia (CLL). CLL, the most common
form of adult leukemia, is a slow-growing cancer that occurs when abnormal or
malignant white blood cells are found in the blood and bone marrow. According
to the American Cancer Society, nearly 90,000 people in the United States live
with CLL, accounting for one-third of all leukemia cases.

Because CLL is considered incurable, a primary goal is to increase the

length of time patients live without the disease’s worsening. RITUXAN with
chemotherapy can delay the need for additional treatment, thereby providing
an important option for many patients. Either alone or in combination, RITUXAN
had achieved its fifth approval for the most-common forms of non-Hodgkin’s
lymphoma and adult leukemia.*”

From left to right: Technical
Development scientist working
in Cambridge lab, 2018; RTP
manufacturing employee, 2018.

George Scangos, Fortune Businessperson
of the Year 2014, Photograph by Scott Eells,
Getty Images.

2012-2013

Combining forces to tackle ALS

Two years later, under Doug Williams’ R&D leadership, Biogen ldec continued
to forge its aggressive discovery and development program. This included
efforts to gain a deeper understanding of the complex disease known as
ALS (amyotrophic lateral sclerosis), commonly called Lou Gehrig's disease.

ALS is a fast progressing, fatal neurodegenerative disorder characterized by
progressive muscle weakness and wasting, affecting adults in the prime of life
and creating a substantial burden for caregivers. Approximately 2 people per
100,000 are diagnosed with the disease globally. Only one drug, RILUZOLE, had
been approved for treatment, typically extending survival by two to three months.
After the onset of symptoms, life expectancy in the United States is usually
three to five years. The cause of ALS is not yet known.

The company entered into a collaboration with premier academic and research
institutions to sequence the genomes of up to 1,000 ALS patients in order to
learn the genetic causes of the disease. Partnering with scientists at the Center
for Human Genome Variation at Duke University and the HudsonAlpha Institute
for Biotechnology, researchers expected the sequencing to take about five years.*®

The company also formed a consortium with scientists from Harvard University,
Columbia University and Rockefeller University, committing more than $10 million
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Biogen ldec’s Doug Williams,
R&D head, accepted the
ALS ice bucket challenge
(Biogen Idec-Twitter).

over three years to fund research projects that would complement and extend
the sequencing effort. Through the consortium, Biogen Idec hoped to coordinate
research and share results across various disciplines to greatly accelerate the
understanding of the mechanism of ALS and the development of new targets
and approaches to treatment.

“ALS research is a primary area of focus for Biogen ldec but has proved to

be a very difficult disease to understand and treat,” said Spyros Artavanis-
Tsakonas, who was Biogen Idec’s chief scientific officer from 2013 to 2017 and
professor of cell biology at Harvard Medical School. “We believe that taking a
holistic approach that explores the many variables involved in the development
and progression of ALS will speed our ability to identify viable drug targets that
can be moved into testing.”*°

One such drug target for ALS was dexpramipexole, which was entering into a
Phase 3 clinical trial known as EMPOWER. Unfortunately, the trial failed to meet
its primary endpoint of a joint rank analysis of function and survival, and no
efficacy was seen in individual components of function or survival. In addition,
no efficacy was seen in its key secondary endpoints, so the company abandoned
the project.

Despite the setback, “the EMPOWER trial represents a significant contribution
to ALS research, and Biogen Idec is committed to advancing ALS science. We
continue to work with researchers around the world to understand the causes
of ALS and find potential treatments,” said Doug Williams.5°

From left to right: Biogen
manufacturing facility;
Biogen R&D lab.

Significant progress in treating multiple sclerosis

Biogen IDEC’s ongoing efforts to slow the progression of multiple sclerosis
included a 10-year development initiative for a potential therapeutic called
BG-12, which ultimately resulted in TECFIDERA. Approved in 2013 by the
FDA, TECFIDERA was the company’s fourth therapy for people living with
multiple sclerosis.

Biogen conducted a Phase 2 study of BG-12 in multiple sclerosis patients, in
which the patients who were administered 720 mg/day exhibited a statistically
significant effect on the primary endpoint vs. placebo. Biogen then sponsored

a two-year Phase 3 trial that comprised about 2,500 patients in 35 countries.
“With this larger group, we were expecting a 30% reduction in relapses, but
patients in the trial experienced a 50% reduction,” said Alfred Sandrock. “Phase
3 was very exciting, and FDA approval was a huge milestone, the culmination of
many years of work. It’s a tremendous feeling to help people in need.”®*

A first-line oral capsule for treating people with relapsing forms of multiple
sclerosis, TECFIDERA, a small-molecule, interferon-free drug, was clinically
proven to significantly reduce disease activity, including relapses and brain
lesions, as well as to slow the progression of disability.

Called by one analyst the “Holy Mother of All Launches,” TECFIDERA’s “flawless
marketing launch” was attributed in large measure to Tony Kingsley, Biogen’s
marketing leader.5?

From left to right:
Alfred Sandrock, at
the time senior vice
president, Neurology
R&D, speaking at an
Executive Leadership
Conference meeting,

2008; Jessica Thomas,

patient living with
multiple sclerosis.

With TECFIDERA exceeding expectations, Biogen Idec reinforced its reputation
as the world’s most recognized leader in multiple sclerosis therapies. But

never resting on its laurels, the company was working on yet another potential
innovation for multiple sclerosis, daclizumab, a humanized monoclonal antibody.

The new treatment was expected to reduce inflammation that damages myelin,
the sheath that protects nerves — like damaged insulation around a wire, it
doesn’t insulate as well. Daclizumab, later known as ZINBRYTA, had the potential
not only to reduce further damage to the brain but also to repair past damage.
No other approved drugs could do those things.

Biogen |dec was also developing pegylated interferon beta-1a (later known as
PLEGRIDY), belonging to the same interferon class as several other multiple
sclerosis therapies, which, when injected under the skin, are designed to maintain
the effects of interferon for a longer period of time. PLEGRIDY was approved

by the FDA in 2014.53
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The passing of an industry giant

In 2013 Sir Kenneth Murray, one of the most
distinguished molecular biologists of his age

and a Biogen founder, died at age 82. Murray was
recognized internationally for his contribution to

the development of recombinant DNA technology —
the set of techniques used by molecular biologists
to manipulate DNA; for cofounding Biogen, one

of the first and most successful biotechnology
companies; and for inventing a widely used

vaccine against liver condition hepatitis B.

Recombinant DNA
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2014-2015

Long-awaited treatments for hemophilia

Even more innovations were coming down the pike. In March 2014, with FDA
approval, Biogen Idec broke through on a new treatment for hemophilia called
ALPROLIX. It was the first recombinant DNA-derived hemophilia B therapy, which
was shown in adults and adolescents to extend the time between prophylactic
infusions. With a favorable safety and tolerability profile, ALPROLIX is indicated
for the control and prevention of bleeding episodes, perioperative management
and routine prophylaxis.

Hemophilia B affects about 4,000 people in the United States and occurs in

about one in 25,000 male births annually and less frequently with female births.

The World Federation of Hemophilia global survey conducted in 2012 estimated
that approximately 28,000 people were diagnosed with hemophilia B worldwide.

Biogen ldec and Swedish Orphan Biovitrum (Sobi), which focuses on treatments
for rare diseases, were collaboration partners in ALPROLIX’s development and
commercialization. The drug’s approval was the first significant advance in
hemophilia B treatment in more than 17 years, an effort in which Glenn Pierce,
then a senior R&D lead at Biogen who also lives with hemophilia, played a
leading role.>*

From left to right: Biogen manufacturing employee; Glenn Pierce,
Senior R&D Leader, Paula Cobb, VR Program Leadership & Development,
and CEO George Scangos at launch ceremony for ALPROLIX.

“Many of us at Biogen Idec have personal connections to the hemophilia
community and know firsthand the burden of frequent infusions,” said Pierce,
the senior vice president of Biogen ldec’s Global Medical Affairs and chief
medical officer of the company’s hemophilia therapeutic area. “Long-lasting
ALPROLIX therapy will have the potential to change the way hemophilia B

is managed, thereby addressing a critical need for patients.”>®

Previously, patients with severe hemophilia B had to take factor IX two or three
times a week to prevent bleeding. ALPROLIX demonstrated that patients could
prevent the majority of bleeding episodes if they infused every one to two weeks
at a dose of 50 to 100 International Units per kilogram.5®

Also in 2014 Biogen Idec and Sobi won approval for a second long-acting
hemophilia treatment, ELOCTATE, this time for the treatment of hemophilia A.

Like ALPROLIX, ELOCTATE reduces the number of infusions needed to prevent
bleeding episodes, with a dose only once every three to five days instead of the
standard twice- or thrice-weekly regimen. And like ALPROLIX, ELOCTATE was priced
on par with existing therapies, so patients did not have to pay more for the added
convenience of less-frequent dosing.®’

As further evidence of their commitment to hemophilia patients, Biogen and Sobi
agreed to donate 1 billion International Units of clotting-factor therapy for human-
itarian aid programs, announced at the 2014 World Federation of Hemophilia
(WFH) World Congress. The goal was to make sure there was a predictable,
sustained humanitarian supply of factor therapy to improve the quality of patient
care and outcomes in the developing world.%®

“The WFH has made great strides in advancing the care of people with hemophilia
in developing countries during the past two decades, and we are proud to

help them accelerate their efforts,” said John Cox, executive vice president

of Pharmaceutical Operations & Technology. “This is a significant milestone

in our joint effort with the WFH, and our hope is that others will join us to help
create a sustainable model for humanitarian support.”

C"Biogeng

Game changers and name changes

In 2015, more than a decade after merging with
IDEC Pharmaceuticals to create one of the world’s
largest biotechnology companies, Biogen ldec
decided to change its name back to Biogen. CEO
George Scangos wrote that the name change was
meant to spotlight the company’s “remarkable
progress” and its focus on research and commercial
efforts in neurology, immunology and hematology.>°

Building 9 on Biogen’s Cambridge campus.
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Expanding manufacturing capacity

In 2015 Biogen decided to build a $1-billion biologics plant in Switzerland, the
first major manufacturing expansion that would include two more new facilities
and capacity building at existing sites.

The company said at the time that it was working from a five-year strategic
plan that weighed its pipeline and portfolio growth, concluding that significant
additional capacity would be warranted in the United States and Europe.®°

“With our growing portfolio, as well as potential breakthrough therapies for
Alzheimer’s disease and spinal muscular atrophy, among others, the time

for a bigger, global manufacturing network has arrived,” said Paul McKenzie,
executive vice president of Pharmaceutical Operations & Technology. (McKenzie
had succeeded John Cox, who became CEO of Bioverativ Inc., the hemophilia
business that Biogen had created and spun off.)

From left to right: Solothurn, Switzerland, manufacturing
site pipes; Fortune magazine article featuring Biogen.

2016-2018

A new era

George Scangos, the company’s CEO since 2010, had hired two new members
for his executive leadership team within a month of each other in 2016.

One was Michel Vounatsos, chief commercial officer, following a 20-year career
at Merck where he had held leadership positions in Europe, China and the United
States, driving significant and consistent growth across multiple geographies.
The other member was Michael Ehlers, executive vice president of R&D, who

had held research leadership positions at Pfizer after 12 years as professor

of neurobiology at Duke University — a path from academia to industry not
unlike that of Biogen'’s founders. The two, along with the rest of the executive
leadership team, were about to take the company into a new era.

After joining Biogen, Vounatsos began demonstrating his extensive global
biopharmaceutical experience by implementing key initiatives to extend the

From left to right: CEO Michel Vounatsos and head of R&D Michael
Ehlers in the Human Biology Lab where movement is measured to
track disease progression in patient populations; Paul McKenzie,
Michel Vounatsos and Phil McDuff in Solothurn, Switzerland.

company’s industry leadership in multiple sclerosis, expanding Biogen’s
reach in key global markets and preparing the company for the introduction
of potential breakthrough treatments for patients in areas of high unmet need.

By mid-2016 Scangos announced his decision to step down, and Vounatsos
was later appointed CEO. Vounatsos inherited a company that was doing well,
although some investors were worried that growth might slow.

“Biogen is focused on creating shareholder value by advancing cutting-edge
science to address some of the greatest challenges in medicine. In seeking
our next chief executive, the board sought a leader with a record of building
commercial operations and a passion for science,” said chairman of the Biogen
board Stelios Papadopoulos, Ph.D. “It was clear to us through a rigorous search
process that Michel is that leader who can guide Biogen in the next phase of
its evolution.”

In the announcement of his appointment, Vounatsos indicated that Biogen’s
strategy going forward would target neuroscience, neurology and neurodegenera-
tive diseases where the company has assets or expertise. “I am excited to build
upon Biogen'’s legacy, as we pursue innovative new therapies for those suffering
from serious neurological and neurodegenerative diseases and create value for
shareholders by maintaining a clear focus on what is best for patients,” he said.

Michel Vounatsos,
spinal muscular
atrophy patient
blogger event,
Lucerne, Switzerland.
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Many believed it was another critical and exciting time for the vital Cambridge
biotech community. In that second decade of the twenty-first century there
appeared to be a convergence under way that was connecting a variety of
disciplines once deemed separate: engineering, physical and computational
science, life sciences, genomics and other evolving capabilities like big data.

Biogen founder Phillip Sharp addressed that convergence. “Like a herd of
elephants,” large IT companies like Google and IBM have stormed in

to Cambridge to set up outposts, aiming to make engineering “integral” to
the analysis of biomedical problems. He said it's up to all the members of
the Cambridge biotech community to take advantage, break down silos, work
together and lead the movement.5*

Biogen, with its historical presence in Kendall Square, was up for the challenge.

SPINRAZA is administered via
intrathecal injection, which
delivers therapies directly to
the cerebrospinal fluid around
the spinal cord.
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From left to right: Biogen and lonis are awarded the 2017

Prix Galien USA for the Best New Biotechnology Product, SPINRAZA;
The Biogen team accepting the International Prix Galien award

for SPINRAZA in 2018.

The unprecedented launch of SPINRAZA

A difficult neurological condition that Biogen wanted to address was spinal
muscular atrophy (SMA). It's an often fatal genetic disease characterized by the
loss of motor neurons in the spinal cord and lower brain stem, resulting in severe
and progressive muscular atrophy and weakness.

Ultimately, people with the most severe type of SMA become paralyzed and have
difficulty performing the basic functions of life, like breathing and swallowing.
Due to a loss of or a defect in the SMN1 gene, people with SMA do not produce
enough survival motor neuron (SMN) protein. The severity of SMA correlates
with the amount of SMN protein.®?

Infants diagnosed with SMA usually live only 12 to 24 months.

Biogen had teamed up with lonis Pharmaceuticals, Inc. of Carlsbad, California,
in 2013 to access lonis’ leadership in RNA-targeted drug discovery and
development based on its antisense platform. New to Biogen at the time,
antisense oligonucleotides (ASOs) represented a modality used to develop
potential drugs that bind to RNA instead of proteins, with the potential to
selectively target genetic drivers of diseases.

From left to right: Landon, living with SMA,
and his mother, Dany; The SPINRAZA product
package; The Prix Galien medal.

That capability was instrumental in the development of nusinersen (later to
be known as SPINRAZA) and, Biogen believes, a key to future therapies.

In 2012 Biogen acquired an exclusive license to SPINRAZA and advanced

the drug quickly through clinical trials. In the pivotal Phase 3 study, patients

with infantile-onset SMA who were treated with SPINRAZA achieved and sustained
clinically meaningful improvement in motor function compared with untreated
study participants. And a greater percentage of patients on SPINRAZA survived
compared with untreated patients. In open-label studies, some patients were

able to sit unassisted, stand or walk when they otherwise could not have done so.

With such promising trial results, parents of those afflicted were eager to gain
access to the new, and at that time only, treatment, which is delivered by injection
into the fluid surrounding the spinal cord. Because of the severity of the disease,
the FDA granted SPINRAZA fast-track designation and priority review. And to
support the most severely affected individuals, Biogen initiated one of the

largest global, preapproval expanded access programs for any rare disease.

The FDA approved SPINRAZA on December 23, 2016, the first drug approved
to treat children and adults with SMA. “For all the patients, families and the
whole SMA community, today is a historic day for treating this devastating
disease,” said Michael Ehlers, Biogen’s executive vice president, Research &
Development.®®

A race with time to treat patients

But there was a hitch. Due to FDA regulations, the new drug could not be
launched without an accompanying website. With many drugs, a few days
do not make much of a difference, but for children who suffer from SMA,
an extra day without treatment could have dire results.

So a cross-functional Biogen team of 20 people sprang into action. With help
from Adobe Managed Services, they worked through the night for families
who’d been breathlessly waiting to start treatment against this cruel disease.
By 4 a.m. in Kendall Square on Christmas Eve, the website was live and
SPINRAZA had been launched.®*

As of March 31, 2019, 6,600 individuals with SMA were being treated with
SPINRAZA worldwide, including participants in Biogen’s clinical trials and its
Expanded Access Program which provided the therapy free of charge in 29
countries, one of the most successful efforts of its kind.

With such an important treatment, Biogen was awarded the 2018 International
Prix Galien as Best Biotechnology Product for SPINRAZA, following seven individ-
ual country Prix Galien recognitions, including in the United States and across
Europe. The international award was presented at a ceremony in Dakar, Senegal,
on November 28, 2018.5%

The challenges in Alzheimer’s disease

Biogen is also striving to advance its pipeline of potential therapies for
Alzheimer’s disease. Alzheimer’s disease is complex, and the assets in the
company’s clinical pipeline represent different pathways to treat the full
spectrum of the disease.

The company remains committed to Alzheimer’s research and to supporting
the millions of patients affected by this devastating disease.
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Celebrating 40 Years of Service

It has been 40 years since the founding of Biogen, a special milestone that we
celebrated around the world, including anniversary events in Cambridge, Lucerne
and Tokyo. In commemorating four rich decades of specialized attention to
science, discovery and clinical development, we honor the dedicated people

of Biogen who have made the company extraordinarily successful and who we
believe will take it into a promising future. Ultimately, we honor the patients
whose lives we aim to improve.

42 | Pioneers of Neuroscience: 40 Years of Biogen

Now is the time to leave our
mark on history, and to honor
the fearless men and women
who represent this great
company around the world.
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Looking Ahead

“We believe, now more than ever, that neuroscience is the next frontier,” said
Biogen’s head of R&D Michael Ehlers. “Few other areas of medicine have as
much unmet need, or hold as much promise, for medical breakthrough.”

Neurological disease is the leading cause of disability and the second-leading
cause of death, behind cardiovascular disease. Around the world, for example,
hundreds of millions of patients suffer from dementia and Parkinson’s disease,
which are putting an aging society at greater risk. In fact, by 2030, nearly

1.5 billion people around the world will be older than the age of 60, and nearly
2 billion by 2050.

Fortunately, we have reached a pivotal moment in the advancement of
neuroscience therapeutics, and Biogen is poised to have a positive impact on
the lives of millions of patients and society at large. Based on decades of
experience, the company has come to believe that the pathways of neurological
diseases are interrelated, and so are the potential approaches for treating them.

Michael Ehlers
exploring the
molecular biology
of a therapeutic
compound in
VisCube, Biogen’s
virtual reality
environment.
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Structural biologists at Biogen ask questions like “how does a small molecule therapy
work on its protein target to block its activity?” They use a technique called X-ray
crystallography to generate electron density maps.

“Biogen’s work in neuroscience places us in a unique position to deepen our
understanding of those connections and develop hypotheses that may pave the
way to innovation across our different disease areas of focus,” Vounatsos said.
“Positive results from one program may resonate across the pipeline, which
can accelerate progress in our effort to holistically serve patients.”

“From our understanding of the core molecular and cellular processes

that contribute to brain development, plasticity, function and aging to our
unprecedented ability to monitor and manipulate neural circuits, Biogen is
participating in a revolution,” added Michael Ehlers. The effort, which Ehlers
outlined in a column for Innovations in Clinical Neuroscience in 2018, includes:

- Defining the genetic architecture of complex neurological and neuropsychiatric
disease that is revealing pathways and creating therapeutic hypotheses more
causally rooted in human biology

- Gaining molecular and functional access to the human brain through
neuroimaging, mobile or digital assessment technologies and fluid biomarkers,
which lead to much richer patient phenotyping and more quantitative and
objective assessments of complex brain functions

- Advancing the emergence of new drug modalities, including small molecules,
intrathecal antisense oligonucleotides, adeno-associated virus gene therapy,
cell therapies and brain-penetrant biologics, which are opening entirely new
targets for therapeutic intervention in the central nervous system

- Building platforms from drug modalities to predict drug concentrations in blood
and tissues by using physiologic-based pharmacokinetic modeling, and linking
those concentrations to drug effects by using biomarker, imaging, safety and
clinical endpoints

+ Working with regulatory agencies that are supporting novel endpoint develop-
ment and trial design and helping reshape the definitions of disease states.

Breaking down barriers

With deep experience following the science, Biogen is leveraging its existing
strengths with the goal of breaking down barriers and continuing to build

a multi-franchise portfolio that not only includes multiple sclerosis and SMA
but also expanded capabilities in neuromuscular and movement disorders
(including ALS), stroke, neuropathic pain, ophthalmology, neurocognitive
disorders and acute brain injuries.

Since 2017 Biogen has added or advanced 15 clinical programs, with several
preclinical programs expected to transition to the clinic. Across its portfolio,

the company is prioritizing resources on what it believes to be the most promising
programs, having committed $2.6 billion in research and development in 2018 —
19% of Biogen’s total 2018 revenues — a significant foundation on which to
continue the company’s 40-year journey and a far cry from the $50-million
research budget of 2005.

An abundance of hope and science

“We always go where the science leads us,” said Vounatsos. “And we always
have hope, which fuels every breakthrough we have ever created. Hope and our
great scientists are the greatest assets we could have.”

Along with hope comes investment. In 2018 Biogen entered into a discovery-
stage R&D collaboration with lonis Pharmaceuticals, giving Biogen access to
a series of neurological antisense oligonucleotides that may be identified by
lonis, as it had done with SPINRAZA.

“With the large number of diseases that could benefit from lonis’ antisense
platform, the time has come to build upon our highly productive collaboration,

as we aim to transform the treatment of neurological diseases around the world,”
Vounatsos said.

A promising example is the Phase 1 study of an ASO targeting SOD1, a genetic
cause of ALS responsible for approximately 2% of all cases, which demonstrated
both proof of biology and proof of concept.

Because ASOs have the potential to selectively target genetic drivers of diseases,
and if there are positive results with the SOD1 ASO, researchers might then be
interested in another ASO target, one focused on the most common genetic
cause of ALS, which is responsible for about 10% of all cases.

Biogen’s success in multiple sclerosis also gives researchers insight into many
other disease areas, such as remyelination and repair, neuroprotection and
axonal health, with potential applications in Alzheimer’s disease, Parkinson’s
disease, stroke and pain. And the targeting of tau proteins, key proteins in the
central nervous system, holds great promise for treating not just Alzheimer’s
disease but also other tauopathies such as progressive supranuclear palsy (PSP),
a rare movement disorder affecting tens of thousands of people globally.

Biogen’s most advanced asset for PSP is a monoclonal antibody targeting tau,
which is believed to be the underlying cause of the disease. Phase 1 data

Left to right: Noel, who has
ALS, speaking with Biogen
employee Hani Houshyar;
Sofia, who has SMA, with her
mom, Natalia; Caroline, who
has MS, on the Aby app; Diane
and husband Michael, who has
Alzheimer’s disease.
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demonstrated a greater than 90% reduction in cerebrospinal-fluid tau. If the data
continue to be positive in subsequent studies, success in PSP would represent

an important inflection point for Biogen in its efforts to treat movement disorders.

Progress in neuromuscular disorders may unlock potential synergies across
disease states, such as motor-based clinical endpoints in ALS and Parkinson’s
disease, as well as the potential of muscle-strengthening agents to treat
diseases ranging from SMA to sarcopenia.

Hope for Alzheimer’s patients

Biogen remains committed to research in Alzheimer’s disease and to supporting
the millions of patients affected by it. With great determination, Biogen scientists
will continue to investigate the pathways that may lead to new therapies for

this devastating disease. These efforts include tau-related programs, as well

as refocusing on early research to better understand the disease’s biology and
genetic origins.

Driven by a steadfast commitment to patients and the highest scientific
standards, the company will continue to advance its pipeline of potential
therapies in Alzheimer’s disease.
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Left to right: Michel Vounatsos
speaking about global health
at the World Economic Forum
2019; with fellow industry
leaders; Biogen’s Executive
Committee.

Standing at the brink of breakthroughs

Neurological research today is where oncology was 20 years ago. To advance
Biogen’s vision for a multi-franchise portfolio in neuroscience and “to fully
harness the potential of this exciting time, we need to approach science with
continued optimism and passion,” said Vounatsos. “We must question

the status quo and take courageous, thoughtful risks in the hope of discovering
new and different ways to tackle these enormous healthcare challenges.”

Standing at the brink of significant breakthroughs, Biogen is uniquely positioned
to meet the challenges. And although only time will tell whether today’s promising
treatments are sustainable, it is clear that diseases of the brain and nervous
system, long considered impervious to therapeutic advances, are now being
addressed with fervent tenacity and enthusiasm. This is great news for patients.

Biogen’s founders fearlessly pioneered a new approach to the treatment of
devastating diseases. They were inspired by a simple dream: to treat the
untreatable and cure the incurable. That's the same dream we pursue today,
now strengthened by 40 years of enlightened science.

The people of Biogen are ready. They, too, are inspired, fearless explorers.
They do not give up and they do not give in, because they know there is more
to be discovered — and there are more lives to be changed — forever.

Collaborations

We strive to put people living with neurological and neurodegenerative conditions
and their communities at the center of everything we do. Through that mission, we
engage with patient advocacy groups to learn patients’ and caregivers’ needs and
to identify ways we can help those populations achieve better health outcomes.

Patient advocacy groups

Our engagement with patient advocacy groups and professional associations
brings the patient perspective to Biogen. We collaborate on shared goals,

such as helping patients navigate the emotional, treatment and logistical
considerations that often accompany chronic diseases; advocating for health-care
policies that benefit patients and improve access to therapies; managing
initiatives that improve the overall patient experience; and understanding the
long-term impact of diseases — including the safety and availability of our
therapies — on patients and their families.

Patient advocacy groups are invaluable resources for patients and caregivers
by providing important information, education and needed support services.
They represent an important, credible voice in the healthcare system, with
autonomous relationships with policy makers, payers, regulators, healthcare
providers and patients. Biogen is committed to continue building sustainable,
transparent relationships with patient communities in order to identify their
needs and create mutually beneficial solutions within a framework of respect,
trust and independence.

Biogen colleagues
participating in events
around the U.S. to raise
money and awareness
for the National Multiple
Sclerosis Society.

Research collaborations

The challenge of bringing novel therapies to patients with unmet medical needs
is usually bigger than any individual company is able to meet. To move us closer
to that goal, we collaborate with organizations in both the public and private
sectors, including academic institutions. With them, we aim to harness the latest
advances in science and technology and to further understand the underlying
causes of and potential treatments for complex diseases.

By joining forces, we believe we can advance medicine more rapidly and more
effectively by using many different disciplines to tackle complex problems and
achieve our goal: a robust pipeline of innovative therapies with the potential to
change the lives of patients who have few, if any, adequate treatment options.

Communities

Our commitment to making a positive impact globally includes places close to
home: the communities in which we operate. As a company focused on science,
Biogen aims to inspire the next generation of innovators through the Biogen
Foundation’s grant-making programs and through our own experiential community
science labs. These labs focus on serving students who would not typically have
access to programs of this caliber. They have provided a hands-on introduction to
science for more than 50,000 students. Participants often rate their community
lab experiences very highly, and some go on to pursue careers in science.
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“Biogen is still a young company that
will drive innovation and progress

for decades to come. Our 40™
anniversary is but a notable milestone
on a fantastic voyage.”

Stelios Papadopoulos, Ph.D.
Chairman of the Board of Directors
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The Power of Science to Help Patients

As a graduate student in the 1970s, | watched with
curiosity — and a good deal of ignorance — the
emergence of the biotechnology industry.

Biogen was just getting started, finding itself in the first wave of companies to
focus on the emerging field of recombinant DNA technology. It was one of many,
but it seemed different.

For one thing, Biogen was a truly international company, with headquarters in
Geneva and affiliations with academic scientists in labs around the world.

In fact, by the time of its initial public offering, in March 1983, it had established
additional facilities in Cambridge, Ghent and Zurich.

Understanding the power of science

Biogen’s founders appreciated that they stood at a point in history when an
extraordinary scientific revolution was about to take place. And rather than stand
back and witness it or wait for it to take off and only then exploit it, they decided
to help make it happen. The only way to do that was to build the most outstanding
scientific company ever. And they did.

Following the guiding principle of science first, Biogen’s founding scientists
organized themselves into the company’s Scientific Board, and 5 of the
Scientific Board’s 13 members also were appointed to the 12-member
Supervisory Director Board. In addition, in an unprecedented fashion, the
Scientific Board, rather than the CEO or the Supervisory Board, had complete
control over the company’s R&D activities.

Structure for science and commerce

But don’t think that these outstanding academic scientists were focusing on the
pursuit of abstract scientific ideas, using Biogen labs merely as an extension

of their own academic efforts. In the company’s 1983 Annual Report, the first ever
as a publicly traded company, Biogen spelled out its mission in a way that should
be the paradigm for every science-driven biotech or pharmaceutical company.

It is the function of science-based business organizations to take research from
the laboratory and deliver it to the marketplace. And Biogen’s energies now focus
on bringing the products of our science to market.

True to that principle, 18 months after the founding of the company, Charles
Weissmann and his team of scientists cloned and expressed interferon alpha,
scaled up production and transferred the technology to Schering-Plough, which
conducted clinical development and commercialization. Intron A was first approved
for hairy cell leukemia in 1986 and later on for hepatitis C, paving the way many
years later for truly curative medicines.

Advance almost 40 years and reversing roles, now a much bigger Biogen
contributed its clinical development expertise to the pioneering scientific work
of lonis Pharmaceuticals so that together the two can jointly develop SPINRAZA,
a truly extraordinary advance in the treatment of spinal muscular atrophy.

Driving innovation and progress

| have always said that ours is a simple business: we discover drugs and we
commercialize drugs. It used to be that the challenge lay solely in discovery and
that if we were able to discover a great drug, the rest would take care of itself.
That may have been true 20 or 30 years ago. It is certainly not true today.

So, it is our challenge to apply the same degree of sophistication that has defined
the science of Biogen all along to the complexities of the clinical development
and commercialization of drugs in the current environment. If we can be half as
creative at that as Biogen has been in its science, we could be the greatest
pharma company in history.

Stelios Papadopoulos, Ph.D.
Chairman of the Board of Directors
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Safe Harbor

This book contains forward-looking statements, including state-
ments 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
trials and data readouts and presentations; regulatory filings and
the timing thereof; risks and uncertainties associated with drug
development and commercialization; the potential benefits, safety
and efficacy of our products and investigational therapies; the
clinical development program for our investigational therapies; and
the anticipated benefits and potential of investments, collabora-
tions and business development activities. These forward-looking
statements may be accompanied by such words as “aim,” “antici-
pate,” “believe,” “could,” “estimate,” “expect,” “forecast,” “goal,”
“intend,” “may,” “plan,” “potential,” “possible,” “will,” “would” and
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 com-
mercialization 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 prod-
ucts; 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 devel-
oping, 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 and other third parties
for the development, regulatory approval and commercialization of

»ou
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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 capac-
ity; problems with our manufacturing processes; risks related to
commercialization of biosimilars; fluctuations in our effective tax
rate; risks related to investment in properties; the market, interest
and credit risks associated with our portfolio of marketable secu-
rities; risks relating to share repurchase programs; risks relating
to access to capital and credit markets; risks related to indebted-
ness; environmental risks; risks relating to the sale and distribu-
tion 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;
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.

These statements are based on our current beliefs and expecta-
tions and speak only as of July 26, 2019. We do not undertake
any obligation to publicly update any forward-looking statements,
except as required by law.

NOTE REGARDING TRADEMARKS: AVONEX®, BIOGEN®, PLEGRIDY®,
SPINRAZA®, TECFIDERA®, TYSABRI®and ZINBRYTA®are registered
trademarks of Biogen. FUMADERM™ is a trademark of Biogen.
Other trademarks referenced in this book are the property

of their respective owners.
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“Now is the time to permanently lead neuroscience.
Now is the time to leave our mark on history.
Now is the time to commence the next 40 years

of breakthroughs at Biogen.”

Michel Vounatsos
Chief Executive Officer
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