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WEKelvey, Rickne, Laage-Hellman (2004).
INIE!  Economic Dynamics of Modern

= Biotech. Edward Elgar Publishers, UK.
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= McKelvey (1996) Evolutionary Innovations:
- The Business of Biotechnology Oxford

University Press
— V/arious publication in our research group
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REsearch on the economic P
sJyJJ;J of knowledge

SRIIE economic processes that shape the

24 oratlon & exploitation of nhew knowledge

_ ow to explain processes whereby

== — Economy is in flux, changing fundamentally over time
~ — New products, firms, activities starting up

— EXisting ones being significantly modified or
disappearing
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Competition, Social &
Industries Political context

Firm innovates

Science
& Technology
Knowledge
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=C OJ’J( 1[e]p the Sense ij —
owledae:

PRISNISEd 1 such a way that the economy is

crlzl] mg fundamentally— not a return to static
Seful] Eﬁ:mum

—— A ffects productive potential (reduce costs; new value)
==_.q-:=;ﬂ-‘:'=_ ‘Usedlin various ways (products in goods & services;
=~ New organizations; new relationships/networks)

- ® Helps create opportunities as ‘fuel’ for growth
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S&T knowledge
in modern biotech
affects
competition in

Pharmaceuticals

|
Agriculture/food Forestry, paper & pulp

Etc..

Medical devices
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J\/Jor ] blotec;llnology-f p-—

d

J ECJ 2003 ’Blotechnology s the appllcatlon of
SEiEntific & engineering principles to the
r)rocj- 551M@| 0ff materials by biological agents to
pPreVide goods & services',
==SH)V|Bfinteresting in economic analysis because:
~= — Changing, dynamic
~— Broad knowledge fields (various disciplines, new ones
emerging, etc.)
— Useful for many different industries
— Affects consumers — immediate/long-term

—_—
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M Perelclees (L of 4)

I, Corlirgveries eoritlnltia o) clgetric] over inle
IEGEUVENSHPOSILVEISOEIELINIIIIEEISE

— ClEllrridel larlgoreerie (rlatsirlias, Eifee/sarlell
flrenls, ridarzlnl nleeels)

— Corliroversias slgolfe goianiilzll oranlanr)s
(riziitlre, foocl, Gl WeliEzre)
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Vg Peirelcloes (2 of 4)

2., Dasglid copitfaversias over ine deorlonrlie
zlnlel socl aJ JOLEN fiElElls af B, Jigtle cri]ly
conrlozlreile siEisiies or deonlorrlie

JERSUELIS
drplolriezl] avidaried 2sis,;

— [zln)Y siticligs plelfrawly cdeiindel (orlErnrles anlly
SinelINiis)

— Lzjeic of gfficlEl) steitgtles — OECR) Werd feedr)t
YASGIES
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MB ParzleeEs (5 af 4)

5. Meclern) wlgtdeniriolac)y 1s EE onlee
furlclzirientzlly dlogell = clniel e
Sl HECUSIVAEXUEMEI VA O6E] i er 15
co=locziide] Flciors

— Glogzl] o) terirls of e dnloyylecle JE IOWS

ESUI URENTeIN I ENNOVENMERLSIOIRSKIIEE
varsons, ldesls, serviees rlel graclticis,

— Nejejlogriarzitior 1n) galrtletllzlr redlons/cotsiirias
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MB ParzlceEs (4 af 4
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SIVENrthESe paradoxe

o ejelelis blotechnology IS one of many
mcerr 'S&T knowledge fields’ to study.

Because it is/will affect new & existing
= pI @duc .S, firms and activities.
';::;'.‘f — Research questions
— Methods

— Results, implications
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MREsearch Area 1: — i
HEWEdoes the firn m) fieact and cope
\j\jJI‘j’] fle dical UNCertalinty? '

2T .:-'r.m’s Innovative search activities are an
]r /iestment into the potential to innovate.
-Under technical & market uncertainty

~ ® The firm’s innovative search activities depend on
developments in broader environmental factors
— 1) Competition, industry (Markets)
— 2) Social & political complex
— 3) S&T Knowledge development
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IRGErtainty?
I'to think of a

o Usar
rrle) f

— Two ‘domains of
ncertalnty
o Market vs technical

f—-‘i’:f = Two degress of
~ change:

® Radical vs incremental
changes

WWhetat pe and level of .

Incrementa

Radical

market/ | market/
radical radical
technology |technology
Radical Incrementa
market/ | market/
incremental | incremental
technology |technology
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Number of combinatorial chemistry libraries, by type of organization

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

—+—New entrant —=— Large Incumbent —— Scientific Organization
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GlaxoSmithkline and competence building in
combinatorial chemistry (1988-1995)

1 Resistance to change by large pharma (incumbent)

s+ The initial impression essentially was that the technology was
not practical and unscientific

d Opportunity — cost and knowledge

*¢The cost of synthesising molecules dropped from $US 7-8000 to $US
8-12 per unit

¢ Before 1995, GlaxoWellcome (now GlaxoSmithKline) had made
350,000 molecular entities since its inception. In 1988, Affymax
could synthesize the same number of compounds a year

(d Threat from other firms

% First start-ups (Affymax and Coselco Mimotopes) entered the
industry in 1988. They were followed by at least 393 entrants
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GlaxoSmithkline and competence building in
combinatorial chemistry (1988-1995)

1 Learning through hiring
**In 1993, Glaxo hired Mario Geysen, the inventor of an important
combinatorial method
1 Learning through alliances
¢ Before 1995, Glaxo in-licensed libraries as a way to test the viability of
the new synthesis methods

Strategic alliance network (1988-1995)
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GlaxoSmithkline and competence building in
combinatorial chemistry (1995-2002)

1 Learning through acquisition

**Once convinced the method could deliver on its promises, Glaxo
bought Affymax for $US 539 million in 1995 (yet sold it for $ 51
million in 2001)

 Learning through training

“*Glaxo sent scientists at Affymax to learn the skills associated
with combinatorial chemistry

1 Learning through R&D --- Routine knowledge

% Since 1995, Glaxo synthesized 81 combinatorial libraries, from
which it identified at least 13 lead compounds

90 percent of its 400 chemists at its research center at
Stevenage, UK, routinely apply the methods



Eiaxo!mithkline and competence building in
combinatorial chemistry (1988-1995)

Learning through alliances
s After 1995, GlaxoSmithKline was more concerned about
improving its research productivity and/or filling its innovation gap. It
began leveraging its absorptive capacity in the area to form
research partnerships with, and in-licensing drugs from, new
entrants

Strategic alliance network (1995-2002)
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How does Glaxo cope with
uncertainty ?

0 Technological learning

—~ The process that allows the firm to create knowledge
and enhance, expand and renew its competences as a
response to environmental changes

O Example 1 shows that large pharma used:

+ Internal learning

= |earning though hiring

= |earning through training

= Learning through R&D — routine knowledge
«» External learning

= |earning though alliances

= |Learning through acquisitions
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SOFNIOW. to.Interpret flrmsaeﬁ’c?ns—"
Lnlele) uncertaln" V7

® D\/n___a' process - llesting, experimententation
SESiiaiegies depends on tensions in perceptions:
_,-—5 imitations of firm competencies vs new visions of

i

=~ opportunities

;;-7:_"_-'_”— Symmetry between firm’s markets and initial
- applications perceived

— Firm needs perception that market and technical
benefits outweigh the risks
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Researnch Area 2: F——
EXplaining the ﬁ'tlbllc prlvate

rJJmer SIORS== tiatal -
Sxpleration and exploitation of
__.-'*I“edge

.—-—___

~ “Examples can be given through re-visiting
— — _the 4 paradoxes of the

economic dynamics of modern biotechnology
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Sample: LION. (Ch 9)...‘-"_"" —

R
SR SIntegrated Informatics company.
o Noe ar division; of labour between public &
r)rJv:'
ligstead
Stage 1 formation — startup through public funds,

,;,n{.ﬁ“—f': state support

- = Stage 2 —integrate informatics with other fields;
- becoming a firm

— Stage 3 — competitiors; Try to consolidate, alliance

® | ION ability to use/develop knowledge for
economic gain changes dramatically over time
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M ParzleeEs (Z of %)

ZrDESPILENCOILIOVENSIESIOVEIRUIIEIECONOIIE
zlnlel socl aJ 90 cemrJrJJJ of M8, little iri]ly
SOl eic UVENSIUISHESIOIRECOIBINIE
Pl REVICERCEIEXISIS

~4 S

— M5 =S rriore

trlzlfl onElfrlE — clgri=otsiress
HEGICZINEEVICES

Je slllael etz sogrlatipnies pravida sirforisirle
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rasiies
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e pIe: Sectoral dynami@s‘(éﬁ 5y

- o —
EOPEan| countries differ in whether they
aierspecialized in biopharma, agri-food, or
ira ibment & supplies
= ": mpIe oft France

— Strongest position in biopharma & agri-food

e Skills, industry, suppliers, demand (although some
opposition to GMOs)

— Significant research in equipment & supplies

| ‘7'.\"% | ‘,



CHALMERS

Exaimple: Europe/ sect-er-,(cgﬁ’t)‘""

SEpliiierent industries have different competitive
asr:. 50 Specialization can affect growth

Sp -C|aI|zat|on thus affects the national/ sectoral
"' Janovation systems, through:
.._:;-' — — Network of knowledge/skills
~ — Networks of industry/supply
— Demand & social acceptability
— Finance and overall industrial development
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Exemple: Agri-food C

PRlECcticiacidt bacteria (LAB)

SRPIIIC research as essentially exploratory,
NbiCipatory

5 \/V en become commercialized, other countries

= ook over the lead
'Multlple applications

- — R&D networks in unconnected systems

— Large firms (Unilever, Nestlé, Chr Hansen) as key
patentees — but also creators of networks

—

—
L —

—

—
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MB ParzleeEs (5 af 4)

SV OEETIINIIGLECHINGIOEVASIE HOIIEE
furickigriantzlly glogel = cnlel ar, i s
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Exeple: Firm @mation—(-@ﬁ'fﬁ _—

d

SRBiEIaterials infOhio; Massacheusetts & Sweden

SMREGIOnal networks of scientists, financing is
ehiicialffior: firm formation

A B key actors --- thereby concentration in
== activities & regions

S =

__---"" ..-l—l'

== Inventor group retains tight relationships with
the business venture

® However — some regions have strong scientific
Interactions; others are isolated islands.
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V1= A | ~\vp ~«I
MB ParzlceEs (4 af 4
n Moclarnl glgtdenirlolacy nlzls sedrmied for
SEVEIE rlechrP; LONIENDIEIVACNES
orianonrianz Witnl tnle rese of frig World)
[zleje)inie) Beniniel.
L UEENGIVESIANIBIIRNEURCPE
N EECNONESEaIECHINEECISIORENCEVEIOPING
Werlel
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sxample = Clinical GenomicsiHimss
( s & Laage-Hellman 2004)

ENOPEAN [Esearcn; commercialization in new fields --- but
Sigjsilficals t difficulties in selling the ‘product’

" -

23 ﬂrr_r_\ _?pecialize In' human genetic studies
=S DECode;
== Oxagen;
= — UmanGenomics
mtaln access to biobanks

= — structured collections of human biological material, such as tissue
~ ~ specimens, blood samples and extracted DNA.

- Difficulties in 'selling” the information, services, & products
— Choose wrong knowledge field?
— Common problem to all firms or especially common misktake in Europe?
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NBWALO Understand moedern
b]ote-. ;

..-

) AJJ Ning S& 1" knowledge is useful to transfer a
fesource into something else, through

= ~; Knowledge

_“-‘r

4—-—""

~  — Technigues
- — Instrumentation

, ,ﬁ '\"1 \ _I..I

e Ability to use knowledge matters because

— Affect productivity; sales/profits; firm growth;
national competitiveness
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MANEN/ Y understand ﬂrmfﬂ“ﬁ"the"'
Dreszle er context?

Irjelt "rles are made up of firms

J Bror d'diversity of firms able to use new
it EWieage

SSWEEM acting and doing within dynamic
%‘:'E@mpetltlon Process

s

—

¢ Firm facing market and technical uncertainty
sees opportunities — and threats
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Whet o examples tell us abeUt™ ==
lilgais?

EOPEtng) firms have a variety of
Strat gles and acions

J rlr 15 must 1) identify, 2) learn about, £)
rther develop and 4) use knowledge in
.,_re_-productmn and products.

~ e But, mainly, the firms must reassess these
strategies over time

— Because costly
— Because on-going R&D
— Because on-going science and technology
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r)rJvrr e dlmensmns

BNneVations - novelty of (potential)
cGeremic value

5 f[ Jovations may be

mtroduced into the market as a product
~ (goods or service)

= used within the firm/organization as process
and organizational changes to increase
productivity and product quality.

—
e
-.-#
g
—

A Inovations within, thespublicss

d
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Vie@Ern biotech as an ec onomic
gWENOGMENa

EViey / of existing literature suggests that

O @Mmic dynamics of knowledge affects

o} fe than ‘supply/demand as such:

= Needs to be conceptualized

;_;'1:_*:"".1"?’-:—': But, any one issue can be turned into a more
- specific research question.

5
I\
=@
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SOMPLEX PROCESSES'(SF1)

> I s . evelopment ofi science and
ECIINBIOgY goes hand-in-hand with the
_d: Iopment of applications and markets.

..1___
= -
'-. —
- -—-

4—-—""
i

E_ ch have internal logic, yet are inherently
intertwined.

L ——
A
.-.u-l-—'
g—
—
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(_

SSEhIcosts of R&D.
—~ _fted to the need to organize complex and
SXPENSIVe research processes, often with
xpenswe research facilities.
.f?InterdlsapImarlty and hence the firm
‘needs to combine a multitude of
competencies and technologies.

-Fl-'
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APPROPRIATION (SF2)

YSprepriation not always evident. May
Euire:
=INew combinations of knowledge fields

_j;New combination with industrial knowledge

——
‘L::__ 2

—  — Organisational changes;

-—

— Market learning, etc.

® New knowledge & value can be created in
both mature and emerging service and
goods products (sectors).
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con

) F]rm\‘ differing abilities to
el prlate economic value from new
'/r 0) Iedge

e
!“ _'"

?-—- 7 ébates whether economic benefits are
global or regional
— Global (mobility, diffusion, product markets)

— Regional (spill-over, institutions, unique
individuals).
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AGTORS & NETWORKS'SF3)

SINTIlltitlde of diverse actors are involved,
WiErE tney compete as well as interact in
rJJ’-- Atricate web of relations.

oﬂ—__

- '-.
-‘r

F'.'

Iﬁ’&er -organizational collaboration between
private and public actors matter.
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(con:

firmias an organisational form IS
I*ierassemble the capabilities needed
pr0|t|ng knowledge within biotech.

B0 some extent science-driven, scientists,
f"j ~ Universities and industrial R&D labs are
key actors.

e User inputs appear to be crucial to
Innovations successful in the marketplace.

G’
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GO\/EI“ IMENT-REGULATION (SF 4)

EXt dLer SIVe regulatory’ issues.

SHie necessity and speed of regulation is often
Sp Urred by the rapid technological progress
& and! the sensitive nature of applications.

o m——

& e Perceptions, public debate, institutions

_.-l—l-"""

= and regulations strongly mfluence the
- actors’ possibilities to appropriate
Innovation opportunities.

e Impacts vary over regions and nations.
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