@n: Chapter 10
@t: A Franmework for the Biotechnol ogy Industry
@cs: T@c: he biotechnology industry is in transition. In the past
several years, it has noved frominfancy into a stage of rapid
growm h. Success stories such as those of Angen, Cenentech, and
Bi ogen have given validity to the industry, its technol ogy and
products, and its viability. The industry has received public
attention for such acconplishnments as mappi ng the human genone
and devel opi ng cloning technol ogy, feats previously only in the
real m of science-fiction authors.
@: Tremendous opportunity has conme fromthe success of early
bi otech firns and the prom se of their technol ogi cal
br eakt hr oughs. Many new conpani es entered the industry, hoping to
strike it rich during the biotech gold rush. Having seen the high
failure rate of early biotechs, many of these firns tried to
reduce their exposure to risk either by specializing in a single
aspect of product devel opnent, such as research, or by devel opi ng
tools for product-devel opment firnms. Many firnms that hoped to
capitalize on the technol ogy by selling services have found,
however, that the returns they had envisioned are not
materi alizing. They have | earned that product devel opnent and
commerci alization, while risky, is the nost profitable and highly
val ued activity of the biotech industry. As a result, many
bi otech firns are forward integrating in the hope of |everaging
their current conpetencies and expanding into product
devel opment .

Thi s chapter exam nes how biotech firns are repositioning
t hensel ves to better capitalize on the value they are creating.
It begins with a historical overview of the pharnmaceuti cal
i ndustry and the drug-di scovery process. Then the evol ution of
t he horizontal business nodel is described, along with the
shortcom ngs of that approach. An analysis of the hybrid business
nodel next provides a framework for biotechnol ogy conpanies that
are considering forward integration. Finally, there are
predictions for the structure of the industry in its next stage,
maturity.
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@1l: Hi story of the Pharmaceutical |ndustry

@: Many | arge pharmaceuti cal conpani es evol ved from cheni ca
conpani es. These conpani es had established core conpetencies in
chem stry, manufacturing, marketing, and sales. Over tine, they
mgrated their core conpetencies into pharmaceuticals and built
addi tional capabilities in biological research, devel opnent, and
clinical trials.

This vertically integrated structure was adopted not only by
pharmaceuti cal and chem cal conpanies, but also by conpanies in
i ndustries such as autonobiles, steel, and even conputers.
However, unlike these other industries, large, vertically
i nt egrated pharmaceutical conpani es have continued to prosper as
a result of the dynam cs of drug discovery.

@h: Case Study: Pfizer

@t : As one of the largest and nost successful pharnaceuti cal
conpanies in the world, Pfizer illustrates many of the
characteristics of |arge pharmaceutical firnms. It was founded in
New York City in 1849, as a specialty-chem cal conpany. The first
medi cine that it marketed was an antiparasitic that could be
swal | owed. Pfizer expanded its product |line to include many
chem cals and nedicines. Interestingly, Pfizer's first

bl ockbuster product was citric acid, which is needed for

i ndustrial applications and food products. Using a fermentation
process it developed in 1919, Pfizer was the first conpany to
mass- produce citric acid.

In 1944, Pfizer’'s expertise in fermentation allowed it to
beconme the first conpany to mass-produce penicillin, and it
becanme the world’ s |argest producer. In 1950, after a hundred
years of business, Pfizer introduced the first pharnaceuti cal
that it had discovered in its own | aboratories—the antibiotic
Terranycin. Mre than 30 years ago, in 1971, Pfizer formally
established its Central Research Division to bring efficiency and
organi zation to the devel opnent of pharmaceuti cal s.

@f n: <l >Sour ce: <I >| en| w. pfi zer.com
@nl: Traditional Drug D scovery

Page 2 of 27



@: Havi ng evol ved from chem cal conpanies, |arge pharnaceutical s
had expertise in chem stry and thus devel oped their drugs using
smal | - nol ecul e net hods. Most smal | - nol ecul e drug-devel opnent
efforts use a screening approach, a nethodol ogy that begins with
sanpl es of organic material, such as plants collected fromthe
Amazon rain forest. These materials often contain unique chem cal
speci es of unknown efficacy. In the past, screening such
materials for efficacy against specific targets was time-
consum ng and | aborious, but the technique of conbinatori al

chem stry has greatly enhanced this drug-di scovery process.

After researchers have identified a new chenm cal as being
active against a target disease, further devel opnent leading to
commercialization is a notoriously |long, arduous, and expensive
process. Typically, developing a drug requires 10 years, and an
i nvestment of $500 million to $750 million. Further, for every
drug or treatnent that gains Food and Drug Admi nistration (FDA)
approval, 5,000 to 10,000 conmpounds and conbi nati ons are tested.
O these, 250 make it to the clinical-test phase, and only 5 ever
reach Phase 3. On average, only one of these gains approval, and
this in turn is no guarantee of commercial success.

@n2: Drug- Di scovery Val ue Chain

@b: The drug-devel opnent val ue chain can be broken down into five
stages: target discovery, |ead discovery, clinical trials,

manuf acturing, and marketing, sales, and distribution (Table
10.1). These stages are often categorized and di scussed as
research (R), devel opnent (D), and commercialization (C)

@n R DC

@: Each step along the drug-devel opment val ue chain has an

i nherent risk and return associated with perform ng those
activities. The value of a product increases as it noves from one
stage to the next. At each successive stage, the likelihood of
success increases, but the | oss associated with failure increases
as well.

@n2: Target Di scovery
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@: The first stage of the drug value chain is target discovery.
The goal of this process is to identify a target, or a
physi ol ogi cal phenonmenon, inplicated in a disease that a drug can
neutralize. Historically, this process was a bottl eneck in the
drug- devel opnent val ue chai n because the screeni ng approach took
so long to identify new targets. Since it was a bottl eneck,
pharmaceuti cal conpani es often created copycat drugs that used
the sane biological target. The result was a significant nunber
of conpeting drugs devel oped for simlar indications.

@2: Lead Di scovery and Devel opnent

@:Wth a specific target in mnd, researchers use several

nmet hods to devel op a substance, or <l>|lead,<I> that regul ates the
target’s activity in causing disease. Before | ead nol ecul es can
be noved into the next phase of clinical testing in humans,
researchers typically conduct in vivo preclinical trials in which
nol ecul es are tested in animals for efficacy and safety at
effective dosage.

@2:Cinical Trials and Regul atory Approval

@: The third stage is clinical trials, in which |ead nol ecul es
are tested in human nodels for efficacy and safety. The ideal end
result is FDA approval, which is required to comrercialize a
drug. This step accounts for a major portion of the tinme and
expense involved in bringing a drug to market. Designing and
conpleting clinical trials, together with the FDA revi ew process,
historically has required 5 to 10 years and has accounted for 80
percent of the total cost of developing a drug. To gain FDA
approval, new drugs must successfully conplete three phases of
clinical trials, as shown in Table 10. 2.

After Phase 2 trials, the drug has denonstrated safety and
efficacy. Once the product passes through this stage, its val ue
junps significantly as the prospects for comrercialization
i ncrease. This phase can be seen as the tipping point in the
val ue chain. According to Mke Gallatin, Vice President and
Scientific Director at 1COS, the Phase 2 clinical trial is the
“sweet spot.” At this point, a small conpany can partner with a
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pharmaceutical conpany to avoid the hefty registration fees
associated with Phase 3 trials. By bringing a product through
Phase 2, a conpany can get full value for it because the

i kelihood of reaching the market is high. After clinical trials
are conplete, the conmpany submts a New Drug Application to the
FDA. Following its review, the FDA Advisory Panel submts a
recommendati on for or against approval, and the FDA renders its
deci si on.

@h: Current Trend: FDA and the Prescription Drug User Fee Act
@t:Prior to 1992, it took an average of 30 nonths for the FDA to
approve a new drug. During that year, the Prescription Drug User
Fee Act (PDUFA) was enacted. PDUFA provided the FDA with
increasing |levels of resources for the review of human-drug
applications. Fees that the FDA collected fromdrug and bi ol ogi cs
firms from 1993 to 1997 were to be used to reduce the tine
required to evaluate certain human-drug applications w thout
conprom sing review quality.

This |l egislation reduced the average tine it takes for drug
approval to 12 nonths, and to as few as 6 nonths for breakthrough
drugs. Since then, the nunber of drugs approved per year has
i ncreased by 40 percent, and the total devel opnent tinme has been
shortened by 20 percent. The original act expired Septenber 30,
1997, but the FDA Moderni zation Act of 1997 amended and extended
PDUFA t hr ough Sept enber 30, 2002.[[Au: Any update?]]

@f n: <l >Sour ce: <I >| en| ww. f da. or g.

@2: Manuf act uri ng

@: Manuf acturing can be performed in house or outsourced to other
conpanies. This step in the value chain is highly regul ated, and
conpanies are required to follow stringent guidelines to enforce
quality and uniformty in the products. In the event that a
conpany fails to neet FDA requirenments, it can incur significant
costs and | ost revenue. Depending on the therapeutic product,
manuf acturing capacity can be a bottl eneck.

@n2: Marketing, Sales, and Distribution

@: Commercializing a drug requires considerable infrastructure to
educate, sell, and provide support to health care providers,
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heal th insurers, and end users. The infrastructure generally
takes a sizable investnent and results in a significant fixed-
cost base. This is the stage at which a firm deci des whether to
build a consunmer brand nane for its conpany. Decidi ng whet her and
how to invest in this stage of the value chain represents one of
t he forenost chall enges for biotechnology firns in determning
busi ness strategy.

@n1l: Emergence of the Biotechnol ogy I ndustry

@: The advent of biotechnology stemmed fromthe belief that, with
advanced under standi ng of biol ogical processes, researchers could
manuf acture nol ecul es that are highly specific to the targeted

bi ol ogi cal pathway. Such drugs woul d presunably be safer and
cause fewer side effects.

When reconbi nant DNA technol ogy was di scovered in the 1970s,
it becane a disruptive force for the entire pharnmaceutica
i ndustry. The technol ogy all owed conpani es to mass- produce human
proteins for the first tinme by growing the proteins in <I>E
coli<l> bacteria. Instead of screening conpounds and then
searching for the active targets of those conpounds,
bi ot echnol ogy now identifies disease targets first and then
searches for ways to mani pul ate those targets. Technol ogi es
devel oped to performthis include genom cs, bioinformatics, and
nol ecul ar geneti cs.

Reconbi nant DNA changed t he phil osophy for devel opi ng drugs
fromthe traditional process of trial and error with snal
nol ecul es to a process that begins wth understandi ng the disease
pat hway and then finds the proteins to nodify the disease
bi ol ogy. Targeted proteins held the prom se of nore specific
drugs that had fewer side effects (see Table 10.3).

Many of the initial biotechnology conpanies (Angen,
Genentech, and Chiron) enulated the structure of the |arge,
vertically integrated pharnmaceutical conpanies. That strategy was
driven by four main factors. First, it was the known and
est abl i shed busi ness nodel of the drug-devel opnent industry.
Second, this nodel allowed conpanies to retain control so that
they could continue to devel op drugs differently—from di sease to

Page 6 of 27



drug, rather than from conpound to disease to drug. Third, no
pharmaceuti cal conpany had the technol ogy or manufacturing
prowess to manufacture the proteins. The bi ot echnol ogy conpani es
had the nost know edge about the processes, so it nmade nore sense
for themto devel op these capabilities. Finally, biotechnol ogy
products had not been proven efficacious or cost-effective. The
mar ket val ue of the products was uncertain, so the pharmaceutica
and bi ot echnol ogy conpanies had difficulty agreeing on
appropriate partnering arrangenents.

@h: Case Study: Cenentech

@t:1n 1976, 29-year-old Silicon Valley venture capitalist Robert
Swanson approached Herbert Boyer, a professor of biochem stry and
bi ophysics at the University of California-San Franci sco, about
form ng a business for drug devel opnment. Boyer had been
conducti ng groundbreaki ng research with reconbi nant DNA, and
Swanson believed that his research could provide a new way to
create commercially viable human therapeuti cs.

Initially, Boyer was reluctant to create Genentech because
the academ c research community saw working in industry as
selling out. Swanson, however, convinced himthat together they
coul d create a conpany whose research was as good as that being
conducted in university |laboratories and that he woul d be proud
to be a part of it. They called their conpany Cenentech and chose
to focus on creating pharmaceuticals that addressed significant
unmet nedi cal needs. In doing so, they |launched the biotech
i ndustry.

The follow ng year, Genentech produced the first human
protein, and in 1982 the first reconbi nant DNA drug was
introduced to the market in a joint venture between Genentech and
Eli Lilly. Since then, Cenentech has devel oped eight drugs to
treat cancer, heart disease, and diseases requiring growth
hor nones.

@f n: <l >Sour ce: <I >| en| ww. gene. com

@n1l: Evol uti on of Business Mddels in the Conputer Industry

@b: Bi ot echnol ogy conpani es that started during the early 1980s
primarily evolved into fully integrated bi opharmaceuti cal
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conpani es. That trend is simlar to what happened in the conputer
i ndustry, where vertically integrated conpanies |like |IBM and DEC
dom nated early on (Figure 10.1). According to David Yoffie, a
Harvard Busi ness School professor, “This nodel was viable in the
era of the mai nframe because proprietary, closed products created
a one-stop shop for the custoner, which in turn generated very
hi gh margins for the dom nant players.” [[Au: Source note?]]
These margins could then be reinvested into the entire val ue
chain, which allowed the conpany to renmain conpetitive. To be
successful, conmpanies had to be | arge and have access to
sufficient resources. To sustain this nodel, they had to
establish and maintain a | arge market share.

As the conputer industry evolved, it began to decoupl e.
Speci al i zed core conpetencies and econom es of scal e all owed
conpani es to beconme dom nant at horizontal |ayers such as
m croprocessors and operating systens. The horizontal nodel
energed in the conputer industry as firns Iike Mcrosoft and
Intel canme to power (Figure 10.2).

@l: Shifting Industry

@:1n the early 1990s, the biotechnol ogy i ndustry reached a
critical mass of product-devel opnent conpani es, and new conpani es
began to inplenent horizontal business nodels. These conpani es
specialized in a particular stage of the value chain and used
econom es of scale to create profit by selling their services.
Conpani es following this strategy established pl atform

t echnol ogi es and services that could be used across nultiple
drug-technol ogy silos (Figure 10.3).

This shift toward horizontal nodels occurred because of
certain dynamcs in the industry and the emergence of three
di sruptive technol ogi es. Three key characteristics of the
industry were the inefficiency of research, the difficulty of
successfully comrercializing drug products, and the strength of
intellectual -property protection. The three disruptive
t echnol ogi es were conputing power, genom cs, and the Internet.
The fundanental change resulting fromthese disruptive
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t echnol ogi es occurred as conpanies realized that the drug-

devel opnment industry was not product driven, but information

driven. In essence, conpanies recognized that those firns that

control the information created in the early research and

devel opment stages can control the downstream products and

t herefore the downstream profits.

@2: Dynamc 1: Inefficient Research Prograns

@: As di scussed, drug-devel opnment conpanies were originally

vertically integrated and devel oped products around i n-house

expertise. Before the appearance of conputers and the Internet,

several aspects of the industry nade this organizational

structure ideal. Information exchange between col | abor at or s—et her

conpani es, government agencies, and academ c institutions—was

sl ow, uncertain, and costly. Thus, in accordance with ideas first

expressed in Ronald Coase’s 1937 article, “Nature of the Firm”

conpani es organi zed vertically to optim ze the sharing and

transfer of know edge (value) across different functional areas

wi thin the conmpany. Mintaining excellence in vertical nodels,

however, is often difficult. Human and capital resources are

limted, and conpanies are forced to nmake tradeoffs in sone

val ue-chain activities. It is extrenely difficult to maintain a

core conpetency in research, devel opnent, and comrerci ali zation
Tradeoffs |lead to two problens. First, because of the

di verse conpetencies required, firns tend to allocate inadequate

capital or human resources to conpete effectively in any one

area. Thus, they spread their resources too thinly and fail to

establish a conpetitive advantage in any area of the val ue chain.

Second, tradeoffs |eave the firmvulnerable to conpetitors who

make fewer, different, or ultimately better choices. Mre focused

conpani es could innovate nore qui ckly and produce services and

products nore efficiently than | arger diverse conpanies.

@2: Dynam c 2: Ri sk of Product-based Strategies

@: Motivated by the economic incentive of profits from potenti al

bl ockbuster drugs, early biotech conpanies perforned all the

activities required to devel op and sell biotherapeutics. On

average, however, only 1 in 10 of these early biotech firms was
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able to bring a product to market. During the 1970s and 1980s,

i nvestors focused only on the trenmendous upside potential of

bi ot echnol ogy, but in the early 1990s investors becane | ess
willing to sink noney into the black hole of drug discovery. This
gave rise to a deconstruction of the industry and created the
opportunity for nore ninble, horizontally oriented platform
conpanies to enter the arena. They could conpete effectively by
specializing in one aspect of the drug-discovery val ue chain.

Di scovering targets for |arger conpanies or specializing in
one link on the value chain was |ess risky, required |ess
capital, and generated nore imedi ate results.[[Au: Cte for
Tabl e 10.47]]

@2: Dynamc 3: Strong Intellectual -Property Laws

@: During the 1990s, there was a correl ation between the

enmer gence of horizontal business nodels and the sharp increase in
patents issued in the biotech industry. Mst likely, the

avai lability of patent protection drove the energence of these
conpani es (Figure 10.4).

Biotech firms in the United States understand that
protection of intellectual property through enforceabl e patent
rights is critical to success. Biotechnology is an informtion-
driven science, and the industry thrives when researchers share
t hought s and data. Since devel opi ng bi ot herapeutics and pl atform
technol ogies is capital intensive, however, conpanies nmay be
reluctant to innovate or share information unless there is a | aw
to protect their discoveries. Biotechnol ogy conpani es create and
protect value as a direct function of their intellectual
property. The precedi ng dynam cs coincided with the follow ng
three disruptive technologies to drive the energence of
hori zont al busi ness nodel s.

@2: Technol ogy 1: Genomi cs @: Genomi cs-technol ogy devel opnent
also led to a quicker and nore accurate nethod of identifying
drug targets and drug | eads. Advances in DNA-sequenci ng

t echnol ogy and the devel opnment of microarray technol ogy have
driven the energence of genomcs. To begin with, the
commerci ali zation of automated DNA sequencers significantly
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enhanced the collection of raw DNA sequence information. Using
instrunments such as the ABlI 377 sequencers (produced by Applied
Bi osystens), |aboratories could easily collect sequence
information within hours on 32, 68, and eventually 96 sanpl es at
atime. Mre recently, the advent of capillary-based autonmated
sequencers has further inproved the quality and throughput of
sequenci ng. This technol ogy, conbined with advances in
fluorescent chem stry, has encouraged the energence of
speci al i zed, hi gh-throughput -sequencing | aboratories that now
sequence hundreds of thousands of DNA sanples a week. The | evel
of sequenci ng t hroughput has created an expl osion of DNA
information and allowed the first draft of the human genonme to be
fini shed years ahead of expectations.

In addition to sequencing technol ogy, mcroarray technol ogy
has al so had a profound inpact on genom cs. M croarrays consi st
of pieces of DNA attached to a substrate such as glass. In the
m d- 1990s, commerci alization of this technol ogy began with
conpani es such as Synteni (acquired by Incyte Genomcs in 1997)
and Affynetrix. The density of DNA strands on microarrays is on
the order of tens of thousands per square centinmeter and will
soon reach hundreds of thousands. This technol ogy all ows
scientists to collect data such as expression profiles on tens of
t housands of genes in a single experinent, with trenmendous
savings of tinme and noney. Conpanies |ike Zyonyx are now
commercializing mcroarray technol ogy for proteins, which wll
achieve a simlar exponential increase in proteom c information.

The di sruptive technol ogies in DNA sequenci ng and
m croarrays have altered the structure of the value network in
drug devel opnent. Using these advances, conpani es can specialize
in specific areas of the value chain, such as target discovery,
and execute faster, better, and nore cheaply than by focusing on
the entire vertical drug-devel opnent process. This has led to a
dramatic change in the | andscape. A decade ago, the vertical
conpani es were devel opi ng therapeutics from approxi mately 500
targets. Now the nunber of targets has grown to 5,000. This has
shifted the focus of early research to target validation and
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| ead- nol ecul e devel opnent. Sone are claimng that therapeutic
targets are now commodities, but patent protection is still
al l owi ng genom c conpanies |ike Celera and Incyte Genomcs to
capture the value of the targets they have identified.
@h: Case Study: Incyte Genom cs
@t : I ncyte Genomcs, formed in 1991, was one of the first biotech
conpani es to use high-throughput, conputer-aided gene sequenci ng
to identify genes and their correspondi ng proteins. Today, Incyte
is one of the |eading providers of genom c technol ogi es desi gned
for research in the nol ecul ar basis of disease. It sells
subscriptions to its genom c databases, genom c dat a- ranagenent
software, mcroarray-based gene-expression services, related
reagents, and services to pharmaceuti cal and bi ot echnol ogy
conpani es. They use this information in all the phases of drug
research and devel opnent, including gene discovery, disease
pat hways, new di sease targets, and the discovery and correl ation
of gene-sequence variation to di sease.

Unl i ke ot her platform conpanies, Incyte has not chosen to
forward integrate and use its technol ogy to devel op drugs.
I nstead, Incyte negotiates royalty rights to the targets that are
identified fromits database and eventually used to devel op
drugs. Gven the lengthy tinme of drug devel opnent, Incyte has yet
to see any noney fromthese royalties. However, Incyte believes
that by concentrating on its core conpetency of gene sequencing
and letting the pharmaceutical conpani es devel op and sell drugs,
it will maximze its risk-return ratio.
@f n: <I >Sour ce: <I >| en| w. i ncyte. com
@2: Technol ogy 2: Affordable Conputing Power
@: The second disruptive force was the trenendous advance that
occurred simultaneously in the high-tech industry. It enabl ed
researchers to handle the vast rawdata collection that was now
possi ble with the DNA sequencing and mcroarray technol ogi es. At
this convergence of conputer technol ogy and bi ot echnol ogy, a
whol e new field of bioinformatics appeared. The exponenti al
increase in raw genom c data created the need for sophisticated
al gorithms and conputer software to make sense of the data.
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Conpani es like Incyte Genom cs soon had nore software engi neers
on the payroll than traditional scientists. Again, bioinformatics
pronoted the rise of platform conpanies that used | arge conputer
systens to perform such functions as nmassive parallel assays and
genonmew de sequence anal ysis. These conpanies coul d focus and
create expertise in bioinformatics nuch faster, better, and nore
cheaply than a fully integrated drug-devel opnment conpany. Thus,
they created value that vertical conpanies would buy.

Furt hernore, the exponential increase in conputer-processing
power had a significant inpact on bioinformatics. In the
formati ve days of the industry, researchers used very expensive
superconputers that were affordable only to a few conpani es.

Al t hough the necessary conputing tools are still a significant

i nvestnent, they are nmuch nore broadly avail able and affordabl e.
I n perhaps the nost notable exanple, Celera has assenbl ed the
worl d’s nost powerful superconputer outside the defense industry.
The system consists of 1,200 interconnected Conpag Al pha
processors that can performnore than 250 billion sequence
conpari sons per hour for nore than 300,000 genom c fragnments per
day. It feeds Celera s database at a rate of 15 to 20 gi gabytes
per day. In addition, Incyte Genom cs has assenbl ed one of the
five largest Linux farns in the world, and the |argest outside

t he financial -services industry.

These technol ogi cal innovations have altered the very nature
of the biotech industry. According to Randy Scott, Chairnman of
I ncyte Genom cs, the industry has seen an application to biol ogy
of principles simlar to Moore's |aw for the grow ng power and
decreasing costs of electronic hardware and i nformation
processing. Whether it is DNA sequencing, mcroarray-expression
anal ysis, or single-nucleotide polynorphism (SNP) analysis, the
cost has cone down dramatically.

@2: Technol ogy 3: Internet Communication

@: The bi ot echnol ogy industry is organizing itself as a network
of conpanies that create and exchange information. As an industry
becones information driven, the argunents for vertically

i ntegrating becone |ess conpelling. Information, conpared with
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products such as autonobiles, can be easily manipul ated, stored,
and exchanged anobng conpani es. The energence of the Internet has
all owed information sharing to beconme nore efficient and has nade
it possible for smaller, horizontal conpanies to thrive in the

i ndustry. Coase suggests that when market transactions becone
nore efficient than the costs of maintaining a fully integrated
firm the industry will decouple. Large conpanies will no | onger
need to generate expertise at every level in the value chain.

Rat her, smaller and nore specialized conpani es can add val ue
within the network of the larger firmns.

@h: Case Study: The SNP Consortium

@t : The SNP (Single Nucleotide Pol ynorphisn) Consortiumis an
excel l ent exanpl e of individual conpanies |everaging the power of
t he networked econony and working together to accel erate the
growm h of their own industry. Eleven large |ife-sciences and

t echnol ogy conpani es, one bioinformatics conpany, four research
centers, and one nonprofit foundation established the consortium
Its goal was to code the 300,000 SNPs in the human body and to
create a publicly avail abl e database for drug discovery.

The purpose of the consortiumwas to provide a comon road
map for the human genone. This road map now serves as a research
tool for every organization that conducts genom c research
According to consortium president Arthur Hol den, the nenbers
viewed the map as a “preconpetitive research tool.” By
col | aborating, the nenbers were able to create the map nore
qui ckly while sharing financial risk and reducing the duplication
of effort.

This consortiumillustrates both the power of shared
information and the utility of networks. The organi zations
realized that a conmon backbone was necessary to advance their
conpani es and the industry. Now that the infrastructure is
establ i shed, each nenber can easily interact with other nenbers
of the consortium Thus, the utility of the network for al
menbers has increased exponentially.

@n1l: Shortcom ngs of the Horizontal Model
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@b: Hori zontal conpani es have been successful in generating

i medi at e revenue; for several reasons, however, the profits have
not been as |arge as anti ci pat ed.

@2: Stiff Conpetition and Rapid Technol ogi cal Changes

@b: Conpani es that seek to nake extraordinary profits through
advanced technol ogy have difficulty maintaining their conpetitive
advantage. First, new entrants energe with simlar products and
steal customers. Second, existing technol ogy inproves, increasing
conpetition and eroding margins. Third, wth nunerous conpanies
and academ c institutions pouring significant resources into
research, technology in this industry advances extrenely quickly.
A firms technol ogical source of conpetitive advantage could
easily beconme obsolete within a few years or even nonths.

To prevent the | oss of market share, conpanies that sel
technol ogy nmust continually invest in research and devel opnent.
This investnment may ensure the sustainability of a conpany, but
it does not ensure its profitability. For exanple, in FY2000,

I ncyte Genom cs invested 105 percent of revenues in research and
devel opment. Al though that has sustained Incyte' s industry

| eadership, the |level of expenditure prohibits its profitability
[[Au: Any update?]].

@2: Long Product - Devel opnent Cycle

@b: Hori zontal conpani es sonetinmes antici pate conpensation through
royalties generated by sales of the drug. Since sales may not be
recogni zed for 7 to 10 years, this places a large strain on their
financial position. Further, as few drug candi dates are actually
brought to market, major potential revenue for horizontal
conpani es may never be realized.

@2: Princi pal - Agent Probl em

@b: Anot her reason bi ot echnol ogy conpani es have had difficulty
negotiating for what they perceive as fair value from prospective
buyers is that they disagree with their negotiator about the

i kelihood of the drug s success and therefore its value. Biotech
conpani es systematically overestimate their products’ |ikelihood
of success. They do so | argely because they have invested a

t renmendous amount of time, effort, and noney into their
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devel opnment. Simlarly, biotech conpanies often underestimate the
difficulty and inportance of a sales force in making a drug
successful, while | arge conpani es systematically overestimate the
effectiveness of their sales force. Because an efficient capital
mar ket is |acking, the biotech conpanies often |ose this argunent
about value. As a result, the bargai ning zones between the seller
and the buyer don’t always overlap. This disagreenent is a form
of the “principal -agent problem?”

What’'s nore, biotech conpani es have nore information than
their negotiating partner does, and as the seller, they do not
have the incentive to fully disclose all the risks associ ated
with their product. Realizing that |ikelihood, the nore risk-
adverse pharnmaceutical conpanies systematically underestimate the
i kelihood of success. This is the “lenon problem” The bidders
know ngly bid | ow because there is a chance they will be stuck
with a |l enon--a product that has no val ue.

@2: 1 nefficient Capital Markets

@: Perhaps the nost significant reason that horizontal business
strategy has not worked is the inefficient capital market within
t he drug-devel opnent industry. The efficient capital-market
theory states that market prices are correct on average. In the
mar ket for biopharnmaceutical products, however, that is sel dom

t he case because there is limted conpetition for those products.

G obally, only about 20 pharmaceutical conpanies are in a
position to buy biotechnol ogy products. Wthin each therapeutic
area, the conpetition may include only one or two conpani es.

Thus, the pharmaceutical conpani es can underbid, know ng that the
bi ot echs do not have other sources of capital, and the biotech
conpanies are left wwth few choices. Further, |arge

phar maceuti cal conpani es require new drug candi dates to have
potential sales of at l|east $700 nmillion, which nmeans that many
drug candi dates have no interested bidders.

@n1l: Energence of the Hybrid Model

@: The failure of the horizontal biotechnology nodel has led to a
hybri d busi ness nodel. A hybrid nodel results froma platform
(horizontal) conpany attenpting to forward integrate and devel op
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its own drug candi dates. Pl atform based conpani es are begi nni ng
to devel op drugs to capture nore of the value created by their

t echnol ogy. Forward-integration strategies include in-house
product devel opnent, collaboration and |icensing, and nergers and
acqui sitions.

Figure 10.5 provides a schematic representation of
M || enni um Pharmaceutical’s mgration froma platformstrategy
based on target discovery to a hybrid strategy that incorporates
aspects of the vertical value chain.

@h: Case Study: PPD, Inc.

@t : PPD i s another exanple of a platform conpany that has adopted
a hybrid business nodel. PPD began as a contract research

organi zation (CRO that performed contract Phase 1 through Phase
3 clinical trials for drug-devel opnent conpani es. Today, it

of fers dat a- ranagenent tools and consulting services in addition
to contract research. It has also forward integrated into
contract sales and marketing services and has backward i ntegrated
into target- and | ead-identification services.

By offering custonmers drug-devel opnent sol utions, PPD
believes that it can offer themnore value. In effect, it |essens
the extrenely high fixed costs and risk associated with drug
devel opnment. It also believes that this strategy will allowit to
capture nore value. Currently, PPDis working for, or partnering
with, such firnms as Affynetrix, Oracle, Bristol-Mers Squibb,
Axys, and Eli Lilly.

@: Although the hybrid strategy may sound |ike a panacea, the
approach has potential pitfalls. The first is that it is
extrenely expensive. Mintaining a technology |ead alone is
difficult and expensive; developing a drug at the sane tine
significantly increases the expense and conplexity of a conpany’s
oper at i ons.

The second pitfall is that this strategy stretches a
conpany’s focus. A hybrid conpany nust be conscious of its core
conpet ency and expend its managerial, financial, and human
resources to maintain it. To do that while attenpting to forward
integrate is very demandi ng. As hybrid nodels energe, the key
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chal | enge conpanies face is howto forward integrate (the sane
chal | enge that start-up product-devel opnment conpani es face). The
following is a strategy for evaluating options of forward
i ntegration.
@l: Strategy for Successful Forward Integration
@: Si nce many smal |l bi ot echnol ogy conpani es have their own
products to devel op, these conpanies all face issues of what to
do when their initial products | ook prom sing enough to warrant
further devel opnent. Many the firnms nust deal with this question
in the near future, since the industry is maturing and nore drug
candi dat es are bei ng devel oped.

The Strategic Decision Matrix (Table 10.5) is a conceptual
framework to hel p executives and managenent teans of snal
bi ot ech conpani es reach i nfornmed deci sions about the strategic
future of their conpany and its key products. The franmework
describes three nmajor sets of variables directed at a conpany’s
internal capabilities that managenment shoul d consider as the
product passes through the drug-devel opnent val ue chain. These
vari ables are related to the biotech conpany, its product and
portfolio, and inportant external factors to which all conpanies
are subj ect.

We have identified three basic options for the further
devel opment of the conpany’s product. The executive team could
consider licensing the product to another conpany, partnering
wi t h anot her conpany, or building in-house capabilities for
bringing the product to market. By building in-house
capabilities, a conpany can choose to devel op these activities
internally, including nmergers and acquisitions, or control
contractual arrangenents with another organization. Thus, the
ultimate decision involves a matrix matching these two broad
areas: analysis of internal capabilities and options for the
further devel opnent of the product. At the end of this process,
t he executives nust weigh their decision in light of the added
value to their conpany. Decisions may be different dependi ng on
t he individual product or technology. A truly disruptive
t echnol ogy or bl ockbuster drug m ght drive the executive teamto
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devel op pure in-house capabilities that will |everage its val ue
rather than to pursue a licensing or partnership agreenent. The
i deal option will maximze the value of their conpany, |eave it
wi th the nost independence, yet increase its attractiveness to
both investors and potential acquirers.

A popul ar decision is for the conmpany to license its product
to a |l arger conpany for devel opnent. This creates an i nmedi ate
revenue streamand credibility in the marketplace. Oten a
conpany nust license its initial products at a | ower val ue than
perceived to raise capital for future devel opnent, validate its
technol ogy, and learn skills fromits partner.

As the conpany grows and devel ops new candi dates, it is nore
likely to forward integrate. According to Geron’s CEO Thonas
karma, the way to build a conpany is to “vertically integrate by
first renting activities (licensing) to create cash flow, and
when you reach critical size, then make (build) in-house
capabilities.” [[Au: Source note?]]

On the other hand, when a conpany has a true disruptive
technol ogy or bl ockbuster drug, it my be wise to skip the
i censing stage al together, obtain financing, and build an
i ndependent sal es and di stribution network.

@h: Case Study: Ceron versus | COS

@t : Geron and | COS are conpani es that have decided to forward

i ntegrate but have considered the variables in the Strategic

Deci sion Matrix and have chosen differing business strategies.
Geron is a biotech conpany that has three proprietary

pl atf orm t echnol ogi es and has adopted the strategy of conplete

forward integration. As it develops its technol ogi es and

products, it is trying to do as little partnering as possible.

According to Geron’s CEO Thomas Okarma: “Wen you partner with

pharmas, you are really selling assets. The only tine you should

partner is when you cannot access capital fromthe markets.”
Geron has high risk tolerance in both its strategy and its

technol ogy. Geron is devel opi ng products based on its

controversial stemcell research and has al so purchased the
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rights to the cloning technol ogy that devel oped DAHLi. Therefore,
partnering is difficult because of the controversial, cutting-
edge technol ogy that they are devel opi ng.

George Rat hman, an original founder of Angen, created | COS
Corporation in 1989. 1COS is one of the few biotech conpanies
established in the 1980s that have survived to |launch their first
product[[ Au: Need to update]]. To stay alive the 13 years it took
to bring its product to market, |1 COS has chosen to colicense al
the products it is developing. According to Mke Gallatin, the
vice president and scientific director, this decision is based on
the need to reduce risk. Because of the | ow probability of
success but high financial return associated with drug

devel opnent, he says, “I would rather have a 50 percent stake in
two products than a 100 percent stake in one.” [[Au: Source
not e?] |

@ 1l: Future of the Biotechnol ogy Industry
@: Over the past 20 years, the biotechnol ogy and pharnmaceuti cal
i ndustries have evolved as a result of technol ogy advances. This
evolution resulted in changes in conpany strategy and structure.
Initially, conpanies such as Angen and Genentech sought to
enul ate the vertically integrated pharnmaceutical conpanies. In
the early 1990s, firnms such as Incyte Genom cs and Applied
Bi osystens sold tools and information to enul ate the horizontal
busi ness nodel so successfully inplenented by Intel and M crosoft
in the PCindustry. By the start of the 2000s, the poor profits
in the horizontal nodels caused firns such as M| ennium
Pharmaceuticals to enploy a hybrid strategy, in which they used
the revenues fromthe technology to fuel their own drug-
devel opnment prograns.

It is likely that product conpanies will continue to capture
t he nost val ue fromthe drug-devel opnent process. Although it is
ri sky, such conpani es have the nost sustai nabl e business nodel
once a drug is introduced. Opportunities will also probably
continue to exist for horizontal business nodels as conpanies
identify innovative approaches that create efficiencies and cost
savi ngs for drug-devel opnment conpani es. These conpani es, however,
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will not be able to achieve extraordinary profits |ike Mcrosoft
and Intel.

Fromthese two views, the follow ng trends appear.
@2: Conti nued Forward Integration
@b: Conpani es seeking to devel op drug candi dates, whether hybrid
conpani es or product start-ups, are indicating that they wll
build i n-house capabilities for all stages of the val ue chain.
Conpani es that are active in research and devel opnent have a
stated objective of comercializing their products because they
gain increased value and profitability further down the val ue
chain. The nost value is created when a conpany denonstrates that
a product shows safety and efficacy. Biotech conpanies typically
start with a core capability in research and then acquire
conpetenci es in devel opnent. Thus, conpanies forward integrate to
gain and control the rewards garnered downstream from
commercialization. This trend toward forward integration wll
continue for three reasons:
@l s: 1. @l : Many bi otech conpani es have products in
devel opnment. This suggests that these conpanies are |ooking to
build their marketing and sal es infrastructure. Many conpani es
will do this.
@l s: 2. @l 2i: Since the critical inflection point for a
drug’s value is achieved after the drug passes Phase 2 clinical
trials, nost biotech conmpanies will seek to bring their product
to that point before seeking |icensing or partnering
arrangenents. The forward integration to this stage will occur
because inefficiencies in negotiating with |arge pharnmaceutical s
before this stage are likely to remain.
@l s: 3. @l fi:Biotech conpani es have been validated by the
i nvestment comunity and are therefore able to obtain funding
fromthe capital markets. These conpani es now have the resources
to build infrastructure and bring products to market on their
own.
@: Though the stated objective of the biotech conmpanies is to
bring products to market, nost conpanies will not achieve this on
their owm. Once past Phase 2, they will license their drug
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candi date or collaborate with other firnms to bring the product to
mar ket. The stated objective of being able to bring a product to
mar ket sinply increases the option value and i nproves a biotech
conpany’s position in negotiations with potential partners.
George Rat hman, the Chairman and forner president and CEO of
Hyseq, concurs: “You need to get a joint venture because the pay-
of f reduces thereafter.” [[Au: Source note?]] The way to
acconplish this is by having positive clinical data. Rathman
further elaborated on this concept by saying that when
negotiating a partnership, “you have to pose a credible threat
of forward integration” to get fair value for a product.
@2: 1 ncreased Mergers between Bi ot echnol ogy Conpani es
@: There will be nore mergers and acquisitions in the industry.
The MBA activity will continue between pharmaceutical and biotech
conpani es but will be nost prom nent between biotech conpanies.
This trend is predictable for two main reasons. First, the
bi ot ech conpani es that choose not to partner wi th pharmaceutica
firms [[Au: Ref. as neant?]] will need to nmerge to achieve
econom es of scale in the value chain, particularly in clinical
trials, manufacturing, and marketing and sal es. Conpanies need to
bring nore than one product to market to achi eve econoni es of
scal e. Second, by obtaining the acquired conpetencies, they wll
be able to nmake deals that they could not acconplish previously.
These MBA activities will increase the option value for biotech
conpanies and allow themto enter into negotiations and deal s not
possi bl e or even considered earlier.
@2: 1 ncreased d obal Partnerships
@: As bi ot echnol ogy has been transformed into an information-
driven industry, the boundaries for new conpani es have expanded.
Regar dl ess of | ocation, conpanies can share the sanme information,
such as genom c dat abases, to add value to the drug-devel opnent
process.

The trend toward gl obal i zati on of biotechnol ogy wl|
i ncrease as opportunities for nergers and acquisitions are
centered around coordinating activities on a global scale. For
exanpl e, venture capital can be raised in Japan or Israel, while
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manageri al talent can be supplied fromthe United States and
Germany. Target and | ead devel opnent and pharmacol ogy and

t oxi col ogy tests can be outsourced and perforned in India. The
potential drug can then be |licensed to a | arge pharnaceuti cal
conpany that can shepherd it through clinical trials and market
it around the world. Thus, each stage of the drug-discovery chain
is optimzed globally.

@h: Case Study: G| ead- Next Star

@t : The merger between G lead Sciences and NextStar is an
excel l ent exanple of both the value of enbedded options in
capital investnents and the increasing trend toward

gl obalization. In 1999, G lead purchased NextStar, a

bi ot echnol ogy conpany based in Canbri dge, England. The Next Star
acquisition helped Glead to round out its portfolio of

i nfectious-di sease and cancer products, as well as a new

| i posomal drug-delivery platform

Because NextStar had a sal es presence in Europe and
Australia, enbedded in the purchase was the option for Glead to
expand its products into these new markets. The value of this
option was not lost on Glead s CEQ, John Martin: “We not only
gain a new drug-delivery platformof proven |iposonmal technol ogy,
but the international resources to fully realize the commerci al
potential of future products in our conbined pipeline.” [[Au:
Sour ce note?]]

This international presence has led to further
opportunities. In January 2001, G lead entered into an excl usive
partnership with Cubist Pharmaceuticals whereby Glead wll
mar ket Cubi st’s infectious-di sease products in 16 European
countries in exchange for licensing and royalty fees.[[Au:

Updat e?] ]

@f n: <l >Sour ce: <I >| en| ww. gi | ead. com

@?2: Conti nued Exi stence of Horizontal Mbdel s

@b: There are conpel ling reasons for conpanies to continue
conpeting in horizontal spaces on the value chain. First, product
conpani es cannot effectively bring a product to market and be
technol ogy | eaders. They will continue to outsource and buy
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technol ogy from hori zontal companies, which will be the source of
i nnovation within the industry.

Second, al though pl atform conpani es have not generated
sustai nabl e profits, they generate i nmedi ate revenue and have the
potential to provide an effective resource and financial base for
becom ng a hybrid conpany. M I I ennium Pharnmaceuticals started as
a target-validation platformconpany but now has adopted a hybrid
strategy to bring drug candi dates to market and achi eve nmaxi num
val ue.

Finally, the shortcom ngs associated with the horizontal
nodel are changi ng. More and nore bi opharmaceutical products are
entering the market, and bi otechnol ogy conpani es are establishing
t hensel ves as successful organi zations with solid business
nodels. It follows that the market for their products and the
i kel i hood of reaching an agreeabl e valuation wi th pharmaceuti cal
conpanies will inprove, as is seen in the valuations of such
conpani es as M|l ennium and Angen. The market is realizing the
val ue they are creating and bidding their valuation up
accordingly [[Au: Update?]].

@2: Conti nued Evolution of Virtual Corporations

@: The exi stence of niche horizontal conpanies creates the
potential for virtual vertical conpanies to evolve. Virtua
corporations control the activities of many smaller firns and
synthesi ze the information obtained in a central |ocation.

Evi dence of this trend is seen in larger firnms, such as Pfizer
and Pharmacia, which may evolve into virtual corporations and
organi ze networks of the best firnms around them The information
network of the biotechnol ogy industry will allow this scenario to
happen because conpani es can conbi ne, cooperate, and di sassenbl e
nore easily and quickly than in the past.

A notabl e difference between the biotechnol ogy industry and
other industries is the ability of smaller conpanies to nore
easily sustain thenselves. In the m croel ectronics, personal
conputer, and Internet industries, smaller conpanies are often
swal | owed or worked around by | arger conpani es. However, snmaller
conpanies in the drug-devel opment industries show nore staying
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power and can renmain i ndependent because of the regul ated nature
and conplexity of the industry, as well as the protection of
patents.

Because of the conplexity of the | andscape, the ability to
synt hesi ze informati on and orchestrate technol ogies to provide
solutions will be an inportant source of value creation.
Trenmendous opportunity exists for virtual comnpanies that are
brokers in high-quality networks and can control a network hub.
Large pharmaceutical conpani es may be the best candidates to
pursue a virtual strategy. First, they have established consuner-
brand equity. Second, the |arge pharmaceutical firnms are
mai ntaining their ability to shepherd products through clinical
trials. Finally, they are devel oping the expertise to nanage a
| arge network of conpanies as they attenpt to participate in
“plug and play” with the best avail abl e conpani es for particul ar
proj ect s.

@1: Concl usi on

@: As the biotechnol ogy industry has matured since its inception
in the late 1970s, one fact has remai ned constant—the biol ogy
creates the profits. Those conpanies that create safe and
effective drug therapies capture the nost value and are the nost
successful . Throughout the past 20 years, firns have enpl oyed
strategies for capturing profits. Sonme nodels, however, did not
achieve a level of extraordinary profitability. This
reaffirmation that the |argest financial gains cone from

devel opi ng products will drive horizontal, platformconpanies to
devel op drug candi dat es.
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