G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

SEFP 4 91 14:48  [EP SOCIALAGIE PRGE. Q2 -

/ 5 2 O / ”([‘A (/ )L( r .‘- PP Sl L7(;-"L

T &) r&'

The commercislization of biotechnology:
the shifting frontier

by

Marion Leopold, Professor
Depertment of Sociology
Université du Québec & Montrée!

Paper prepared for the Expert Group Meeting on “Commercializetion of
Biotechnology”, UNIDO Vienna, 28 October-1 November,1991.




. B R ———I—m—————S

10

EF 4 91 14:48 DEF SQCIOLOSIE PAGE . 03

The commercislization of bistechnslogy:
the shiftiag freatiert®

1. Intreduction

During the 1980s, ss advanced biotechnology moved out of its infancy, science push optimism
gave way to s more reelistic appreisel of whet could be expected frem the technology. Not thet
anyons questioned biotechnology’s potential for becoming o driving economic force in the 21st
century, but it became progressively evident thet putting the new scientific knowledge to
industrial use wa. & considersdbly more formidable task then hed initislly been surmised; the
path from laboretory to marketplace was strewn with obstacles of all sorts.

As this awareness hes incressed, so have attempts by both goverament and industry of the
sdvanced economies to tackle the obstacles. These efforts, which are all borne of the same besic
interest, i.¢. to enhence country and/or company competitiveness in commercia! biotechnology,
are being undertsken on msny fronts st ance. For instance, seversl countries are applying
specific measures to overcome specific berriers to innovation while simultaneousiy confronting
Ysrger qmﬁoﬁa of public policy and industry structure and organization ss thess fecilitate or
hinder progress in biotechaology (and other knowledge intensive industries).Innovative steps
are also being taken by the dlotech industry itself. Thus, ins recent precompetitive move, the
mejor industriel biolechnology assecistions of the US., Jepan, the EC and Canade have
underteken to develop a common spproach in policy aress deemed criticsl to the industry's
overall success; significantly, the first such ares to have been targeted is biosafety regulation!.

In fect, country differences in sress such ss industrial policy and corporste culture
notwithstanding, & salient festure of the incressingly internetionsl environment in which
biotechnology i‘s:evolvim Is the growing db 7acto consensus smong nationel governments and
industries as to the requirements for and obstacles to s growth-oriented and globelly
competitive bibtéchnologu industry. This is spelled out ln:rmnt policy stetements of the various
governments qu in privete sector reports. It is sl gﬁ&md by sctuel steps being teken by
industry. for instance, while the United Stales hes begun fo work st strengthening its
downstream scaleup skills end capebilities, Jopen has been moving upstresm into besic
resesrch.

& Many of the points developed in this piper have received 2 more thorough treatment in: F Seroovich
and MLeopold, 19931 o o C |
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The fact that countries and componies are incressingly sggressive in attempting to identify end

overcome berriers to competitive market entry is a clear indication of the dynamism of the
industry. But it is also an indication of the importance of those berriers. The tronsiation of
scientific discoveries into useful and competitive products is simply not a smell metter. In fact,
since the breakthroughs of ths early 1970s" that 1aid the foundations for the new biotechnology,
relstively few products have actuelly been commercially marketed, while literally hundreds are
being held up ot various pheses of the innovative chain. It would thus eppeer that factors that sre
stowing up product development, approvel snd commercislizetion sre presently mors then
offsetting factors thet are prepelling the process forward. '

in the following peges we identify some of the main impediments to the timely introduction ond
diffusion of the products of biotechnology &s well ss various messures thet sre being taken to
counter them. Developing countries sesking competitive entry into biotechnology heve
everything to gain by drawir , selectively on these experiofm.

Cbstacles to commercializetion in biotechnology are quiié varisble in that they oflen differ in
importence according to country, spplicstion sector end user-industry, compeny size,
learning-curve snd other time-related considerations, cﬁangea in the macro-economic climate.
Furthermore, foctors that hamper innovation under certain conditions may actually sccelerste
it under others. Since the limits of the present paper make it impossible to take full account of
these and other variables and the complex interpley among varisbles, our spprosch should be
considered indicative.

We have drewn heavily on the U.S. experience, which is the most important to dote, and for
which there is the grestest smount of resdily aveileble infbrmdtion further more 09t examples
relate to therspeutic and agricultural spplications of blolu:hmlogq, where entry barriers are
considerably higher then in the disgnostic and supplier sectors of the industry. For ressons
releted, smong others, to the stete of basic knowledge, competitive potentisl, entrenched
corporete interests, policy priorities, other epplication sﬁctor:s such s chemical production end
bioremediation presentiy log far behind and will not be deq!t vjth

Although most of the bottienecks, scale factors eno ontry bhrnér* dizcuseed hore should decresse
in importance a3 commarcisl Motechnolow moves up the lqar ning -curve, considerable time
wAll elepee bofore timely merket in!roduchon beromsa the rile rather than tha syeeptinn
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2. Jeie c, tec i ttienecks

Ulti mately, if the products snd processes of biotechnology are to be commercially successtul,
they raust hold s competitive sdvantage over existing products and process or, shoult‘ they be
entirely new, they must correspond to mer ket demand/sociol nced. Even in the case of engineered
drugs like humen insulin, humean growth hormone, alpha interferon, t-PA end erythropoictin,
high relstive prices snd technical difficulties are impecting market size. |

Some of the fectors interfering with competitive merket entry have to do with as yet udrmlved
scientific, technological and engineering problems. A sample of such bottienecks serves to
illustrate this point.

Despite unprecedented scientific end technologica! advances over the pest dwode mejor
bottlenecks in besic and applied knowledge continue to affect resesrch aimed ot the Mlopmnt
of human therapeutics. Knowledge gaps in the field of protein drugs concern the structure,
function and engineering of proteins, the sffect of metabolism on gene expression, snd drug
delivery methods. (F.C Sercovich and M.Leopold, 1991;0TA,1968)

One of the major challenges to the development of protein and peptide drugs has been that of
finding sppropriste delivery systems. The large and delicate molecules of drugs such 69 human
and animal growth hormones, human insulin, and interferon cannot be delivered orally, because
they are degraded by stomech en2ymes. With injection a3 the only method of odmim':strotion,
merket size is limited. In the cutting-edge field of antisense therapeutics, delivery |s turning
out to be an even more for midable obstacle: in addition to resisting enzymic degredotion at target
sites, effective, yet not toxic, doses of compounds will heve to eccomplish the difﬁcu“ tesk of
penetrating cells. Itis thus possible that commercisl application of the aptisense spprosch will
be put on hold until the sdvent of drugs thet either csuse genes to produce sntisense s¢bstames
within the cell or use 11pid cretings copable of fusing with the cell (M Retner, 1991).

Equelly importsnt unresoved questions in the field of protein drugs involve the structure,
function snd engineering of pro{elm Si‘nce protein engineering - o‘crmeol stép ot the
biotechmlogy frontier - roqmm untlermndlm the protein’s funchon chh in turn depends
upon its shape, considerable ml costly eﬂom heve besn undertaken to unrml protem
structure (including attempts 8t protein crystellization in spwe) (F Csel’conCh and
™. Leopold 1991). In this comm mmﬁum interest wes orouaed in April 1991 when
rupnvjclnrs ot the ratione) drug Qopign compgny Agouron pub}ngh»d thdH c(nphl s(rucl‘uf‘e of an
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enzyme the HIY virus needs in order to replicate (DA. Matthews et g1, 1991). But other

scientists were quick to question the importance of the discovery. in particulsr, it was noted that
becouse the crystal structure described is that of an sascfive protein, its usefulness in
devigning 8 drug to inhibit the virys remsins t. be proven. This and other uncertainties linked to
the rotionel drug design process - which includes protein purification and crystellizetion, X-
ray crystellography and computer modeling - are slowing innovation in profein engineering.
(M.Retner [b], 1991; JOT. Hamilton o7 ¢/, 1991)

Curioudly, these caveats do not sesm to dempen investors” spirits. In fact, on the doy following
the publication of the enzyme structure, Agouron's stock shot up s specteculsr 85%
(JOT Hamilton, 1991). In the same vein, commenting on the above- mentioned bottlenecks
linked to antisense drug-delivery, one biotechnology financial analyst observed: “[t)here sre
Toads of unresolved technical questions thet {investors] don't seem to care sbout™ (A. Berler in
M.Retner, 1991).

Importsnt deficiencies in the stock of besic scientific knowledge have been recognized as
seriously delaying developments in egriculturel biotechnology. An insufficient understanding of
key traits in plants hes hempered the use of genetic engineering to produce certain types of
transgentc plants, perticuleriy when this involves multiple gene transplsnts. Although mejor
efforts to overcome these obstecles are in the works - inciuding, in the US_, 6 ten year resesrch
project simod at mapping the plant genoms and o proposed resllocstion of government besic
resesrch funds from medicine to egriculiure and other sress - it will be well into the pext
century before agricultural-biotechnology cen be expected to fully reap the benefits of these
ciforts.

Furthermore, advances in sgricultursl biotechiology will also depend upon progress in relsted
aress. Thus, for instance, plents programmed to express insect-resistance, es well :as
biopesticides themselves, face & potentisl problem thet has long plagued the clemical pesticide
industry, ie. the emergence of insensitive streins of pests (B.Dixon,1991). Failure to

understand end master insect resistance to biocontrol agents can wipe out 3 potentisl competitive
advantage of these agents.
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3. Ihreshold fuctors
i. Rescarch &Development

A3 mentioned adove, barriers to commercislization are largely user-industry specific. In the
R&D-intensive pharmaceutical industry, which is heevily {nvolved in biotechnology, both
soaring R&D costs and declining productivity heve been affecting innovation rates. During the
1980s, R&D expenditures dy the world’s mein drug companies incressed fourfold, while
spplications to the U S. Foed end Drug Administration (FDA) to market new drugs dropped some

60%, and the actus] introduction of new products has beer falling since 1960. (M. Weldholz,
19913 0C. Hemilton et sl , 19Q1) 2

In the case of dediceted biopher meceuticel companies, most of which are still in e precommercisl
phese, an everage of 63 percent of product sales is spent on R&D, compared with 16 percent for
traditionel phermeceutical companies (Byrrill, GS., 1989). Thus the relative burden of R&D
codts is even greeter.

These threshold fectors, smong others, are raming majar indistrial reatricturing, including
mergers, acquisitions and, prominently in the biophermecsutical sector, strategic alliances
(F.C.Sercovich and M.Leopold, 1991). Since 1988 no lecs than 15 mejor drug firms heve
consolideted, and the seorch for opportunities is becoming incressingly aggressive 83 companies
seck to strengthen their R&D capabilities ond underwrite the growing costs of doing so
(M.Weldhol2,1991). Meanwhile, dedicated biotech compenies, which remain the driving force
in the innovetive process (eid thus offer the possibility of pertieily offsetting declining
productivity), continue to be the target of takeovers, with more than 30 US. startups being
soquired between mid- 1989 and mid- 1990 (G.S.Burrill and K.B.Lee, Jr., 1990) 3

Strategic alliances, which ususlly bring together a dedicated biotech firm and 8 1srge established
corporation, are ¢1so en important mesns of mrcomiﬁ R&D-related obstecles, insofer a3 they
provide the smaller pertner with finsncis! roaoum:s ond the larger pertner with nuraen or
techmologicel sssets or with products 4. In the US., such slliances presemtly represent the
second most importent source of capitel for startups, efter the public merkets.

Ancther strategic move by industry to overcome R&D cost threstiolds is 1n the ares of pricing.
The premium prices cherged for new drugs in the U.S 5 are expleined by industry es necessary
inorder o generate the profits thet finence mejcr resssrch ®. In the case of biophar maceuticals,
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whether they be produced by esteblished corporstions or stertups, pricing policy is

perticularly draconisa; given the uncertain climeste in which products are introduced,
companies seek to recoup sunk R&D investments 83 quickly a3 pessible (F.C.Sercovich end
M.leopold, 1991) . A case where the speed of investment recovery hes been of the essence is
thet of Genentech’s recombinant blood clot disselver t-PA; priced st $2,200 per dose, the drug
recently took & serious blow when it was shown to be no more effective then streptokinese, 8
synthetic heart atteck drug merketed ot $186 e doe.

These high relstive prices heve been faciliteted by the so-called Orphan Drug Act of 1983,
which grants seven yesr monopoly conditions to companies developing new drugs for disesses
sffecting fewer than 200,000 people. Companies have, furthermore, drawn scope-economies
from the Act through & leephole in FDA regulatory policy thet sllows doctors to prescribe 8 drug
for off-label uses; by targeting the nerrowest indications for reguletory spprovel, compenies
thus qualify for orphan status designetion, while at the same time positioning themselves to cash
inon the benefits of broeder off-1sbe) indications (for which, to boot, costiy clinica! trials have
been svoided). Human growth hormone, for instance, was eriginelly approved for tresting
growth hormone deficiency, but hes obteined orphen stetus for 11 indications involving four
drug compenies, and commends 8 large market f#r the trestment of burns snd sging. Orphen
status has allowed some $200 million in snnual sales of both hGH and Epo (J.G. Thoene, 1991).

A still embryonic approsch to sctuslly bringing down the cosis of R&D end to incressing
productivity involves targeting the techniques of drug rescarch itself. As mentioned, the time-
consuming and inefficient rendom acreening of chemicals used in conventional drug research,
hes 8 lot to do with increasing costs and declining broductMtg. A smell number of new startups
areé I1n the process ¢f “rationsitzing” arug deveiopment by 1ntegraning the research techmques of
genetic engineering with the chemicel wnthosi# process; biotechnology is used a3 6 set of
research tools to create the smaller and less ‘expensive to produce molecules of chemical
synthesis.? |

1. Preduction

Prodt;ction-reloted threshold factors heve not recélveo 83 much sttention as thoss linked to R&D.
Low p:roductlon volumva:, high returns, o3 well oy :thc science driven nsture of biotechnology, all
contribute to explsin o sttuetion whereby, until recently, efficient production processes were
not & priority issue. | |
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This is not to say thet compenies were unaware of the complexities involved in bioprocessing

scale-up; clinical triels in pharmeceuticels elresdy require scale-up capebilities, and
companies seeking to be first to merket in competitive situations have hod to confront
manufacturing-releted technicel end engineering problems early on (F.C Sercovich and
M.Leopold). In fact, in the cese of dedicated biotech firms, accessing production skills end
capabilities hes been sn incressingly important resson for strategic slliances. But generally
spesking, the efficiency of scale-up pe7 s has nut been given due consideration.

This is beginning to change; with competition and production volumes on the rise and profit
margins bound to fell, scele-up cost-cutting is becoming incressingly critical to success in the
marketplace Thix ix particularly an in the area of tlnvmtrn‘pm procsssing (purifieatinn and
pretein recovery), which, in the case of biopher meceuticals, represents upwerd of S0% of total
production casts and s much e3 five times the cost of purifying treditionsl drugs (B.J. Spelding,
1991). ‘

This bottlenack has given rise to innovations in dovnstrew-pn::emim technologies, where new
approaches to cost reduction include perfusion chromatography, membrane sffinity separations,
protein refolding improvement and the engineering of rebombimnt proteins to include
properties thet improve purification.

More efficient technologies sre e necesssry but insufficient ‘condition for downstream cost-
red:ucuons. For one thing, companies must be prepered to odop:t the technologies, which, in the
US. snyway, is not necessorily as essy as it sppesrs. Because present snelytical techniques
cannot fully define recombinent proteins, the U.S. Food and druq Administration (FDA) tekes
fntq sccount prpdmt!on processes when characterizing the protcim ; this means that o change in
process reguires 8 new product license, which in turn increases lead times snd costs.

Improvements in upsirsam processes ore slso still called for. Of note is the fact that contrary
to early expectstions, bioresctors heve not succeeded in replacing fermentors, despite the
technology’s greatly supsrior productivity on nosi-commercial scales. Scaling up has proven to
be & major obstacle, s has the cell line specificity of the resctors. Other problems are related to
the costs of building bioresctor plants as opposed to converting fermentors, and to the fact thet
companies recing to bring products to merket are reluctant to use production techniques less
famiiiar to faders) raguistors. This situetion meychenge in the 19909, a3 Dioreasctors are being
~used n the production of meny phermeceuticals presently in clinicel trisl, snd Improved
"' ‘bloresctors ere'coming to market; mesnwhile o potentisl competitive advantage (relsted nt only
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to productivity levels but to operating and purification costs) is being Jost. (B.J Spelding [b],

1991)

The overall importance of scele-up 83 o barrier to commercisi entry is corroborated by the fact
thet governments of the leading economies have manifest an interest in supporting industry
efforts in thiseres. In the US. 8 recent expression of this interest i3 found in the 1991 Report
on_Nationsl Biotechnologu Policy, which states that “[rlesearch focused on generic principles
and procedures common to scale- up processes could gonerate large spillover benefits thet could
not be captured by eny one firm end hence would be en epprupriete arce for Federal support”
(President’s Council on Competitiveness). Japan addressed scale-up problems early on.

Agriculturel biotechnology presents its own set of production- rolote;l threshold berriers, which
tend to be linked to agronomical rether then engineering problems. Aithough, as in
phar maceuticals, scole- up capabilities are required carlyon (i.e. for smell-scale field trials),
the type of difficulties encountered -~ not only in seed scale-up bet in il phases of the growth
cycle -- relate fo issues such es reproducing in the field results that heve been obteined in
growth chember conditions, deeling with the seesonelity fector and o forth. As in
phar maceuticals, maximizing yields, 8s3uring & high degree of purity and reducing waste stream
are major preoccupetions, but most of these problems are wnfronm upstream, with process
biologists working in the 1ab to design appropriate traits into host vgcmrs,

{t5. Market crostion

Given the science-push nature of biotechnology, merket demand, indeed social “need”, sometimes
hes to be crested more or \ess ox aArilis A cs%6 in point is thet of Genenlech's recombinant
humen growth hormone, Protropin, which was developed mnﬁiellu because researchers
discovered how to produce it. The netural US. target populstion of the drug, pituitarydwarf(s, of
whom there were only some 20,000 when the drug wes epproved (1985), would rot heve
allowed the company to repidly recoup its R&D expenses, even at sn annual trestment cost of
some $15,000 and under quasi- monopoly conditions efforded by the:Orpbon Drug Act. Genentech
moved to solve this problem by meking the drug svailable for children who, unlike pituitery
dwarfs, are not hGH deficient but are below the third percentile in beight.

This strategy wes possidle thanks to o nuﬁ\ber of ingenious hnri:eting moves made bﬁ
Genentech‘ ond 10 the above- mentioned reoumoru !oophole vherobq duc(ors were mtoonﬂmd
to pmcrtbmo Protropin for dwarfism By creahno me percephon tm nor mel ahormm is o
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disesse®, Genentech has topped into & potentiaily major market of 90,000 childran born in the

U.S. annuslly who will fall under the third percentile for height, and rapid sales growth hes
helped the compeny not only to recover R&D expenses, but to offser a stagnating market for t-
PA, the cost-effectivensss of which, we have ssen, hes beon seriously chellenged.10(B. Werth,
1991).

Not il biotechnology compenies have been able to creste and service their cwn merkets. In fact
ever. when demand exists, eccessing merkets is 8 compelling resson for most dedicoted biotech
firms to either license their technology to or merket through large esteblished corporstions
with sppropriate ssles forces and far - reaching distribution chennels (Genentech itself had to
enlist the help of €V Lilly to merket its hGH oversess).

4. Requlation

It has been said and repeated over the yesrs that biosafety regulation is one of the most
important obstecles to the timely merket introduction of the products of biotechnology. Any
doubts about the truth of this observation should be dispelied by measures recently taken at both
industryand government levels. As mentioned esrlier, bicssfety requlation hae been targeted as
the first erea for precompetitive collsboration smong the major industris! biotechrology
associstions of the US., Japan, the EC and Canade, the objective being to put pressure on the
various national governments to hormonize regulatory principles, policies ard prectices. This
sttempt to reduce the effects of rogulatory externslities on an incressingly globsi biotechnology
industry concurs with the 7act that companies regularly evoke experiemce with foreign
regulstory systems as a reason for seeking sllisnces with foreign partners.

Also underscoring the importance of regulatory barriers is the fect thet earlier this yesr both
the US. and the EC. came out with policy statements that focus lsrgely on the effects of
regulation on competitiveness (The President’s Council on Competitiveness, February 1991;
The European Commission, April 1991). Although in both cases s stresmlining of the regulatory
framework is sought, the respective approaches sre morkedly different, with the US.
sdmimstration pushing towsrds greater lsisse2-faire -- 8 position not shered by those
concerned with market failures - -, while the EC puts the accent on standardization, by cresting
8 Commumty-wide body of requiatory legislation that supplants national iaws and regulations
(and the effect of which is to relex rules in countries lrke Germany and Denmark, to tighten
them 1n others, snd to create & framework for oversight where litt'e or none exists -- italy,
Spein, Portugal, Greecs).
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But neither government nor industry can will away the long lead times, costs and uncertainties
linked to bixsafety regulation (although certsin policy measures could help to alleviate the
situation). These entry berriers stem from to a complex interplay of factors, including
bottienecks releted to risk assessment, uncerteinties and overlops as to regutatory jurisdiction,
dedetes over product versus process besed rules, a lack of quelified regulators and adequate
infrestructure end, in the case of certain bio-applications, pressures from public interest
groups. Most of these problems concern the US. snd/or EC member stetes, while in Japan,
where regulatory directives are much less detsiled, much is left to discretionary decision-
making and infor mal mechanisms.

i. Risk sssessment. in the early years of the new biotechnology, there was concers smong
scientists and public interest groups about ths accidentsi dissemination of genetically enginsered
microorganism (GEMs) designed for applicetion 7 the contained environment of laboretories
and industrial fermentation processes. The concerns subsided over time, as strict standards for
physical and biologicel conteinment were adopted; furthermore, successive risk sssessment
experimants led to the conclusion thet the rDNA techniques were not inherently dangerous snd
that most GEMs designeted for large-scele industrial epplications were of low risk. These
conclusions in turn made it possible to apply traditions! criteria for assessing Hiotherapeuytics:
safety, quality, efficacy.

As biotechnology moved into non- medical applicstions sich ss egricultyre, bioremediation and
leaching, different kinds of questions wecre raised: in these cases, the engineered orgsnism or
microorganism was not a means of production to be used within the confines of lsboratories and
bioreactors, but rather an end product designed to be applied in the environment. Thus
misgivings shifted from potentiel risks linked to accidental discharge to hesith and safety risks
essociated with intentionsl environmental release.

At this point in time, environments! relsase remains a u&i'iw and vidsly debated iss‘ua,
particulary between molecular biclogists and ecologists. According to 8 National Academy of
Sciences report (NAS, 1987), intergeneric organisms do not present unique hszards and most
engineered organisms will not be a3 fit a3 their parent organisms. A contrasting view identifies
the following ecology-releted infor metion geps with regerd to the relesse of GEMs : detection and
monitoring; horizontel trarsfer of the genetic infor mation of the GEMs; fate of the GEMs after
releass into the environment, ¢.g9. survivsl and disperston; effects of GEMs on the environment
(Colwell ‘o7 51, 1988). One thing upon which scientists seem to agres is thet GEMs present

B el . - - - - - — e et ot -+ =,
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greater poteatisl risks than other transgenic organisms, such as plants and enimels.

ii. Regulstery pelicies and pelitics. Meking metters more difficult i the fact that
biosafety regulation is not a purely technical process, founded in science end risk assessment.
Regulating biotechnology fs also o complex political process, simed at fostering, or et least not
undermining, economic objectives. In fact, the fundamentsl challenge posed to policymakers is
precisely thet of establishing o regulatory regime thet strikes an acceptable balance betwesn
ssfeguarding the public angd the environment, on the one hand, and, on the other, avoiding
unnecessary impediments to the innovative process.

To date there is conmderoble dissgreement among governments, within governments, ard
betwsen government end mdustrg 83 fo the terms of thet balence, the definition of which,
moreover, appesrs to be shmmo over time, as biotechnology becomes an increasingly high
stekes internationa! game. In ahy event, it can be safely said that, to some extent, all biosafety
policies and the politizal prmasm which they are enmeshed, sre slowmg Up market entry.

Inthe US,, the entire quwhoh of regulating commercial biotechnology coi nclded vith the Reagan
Administration’s move to Q_requlate the economy, and &3 early ss 1961, &h executive Task Force
set forth principles aimed at allmotinq regulatory burdens on the prwate sector. This position
wes 8 determining force in ahepmg the 30- mllod “Coordinated Frolmwrk for Regulation of
Biotechnology™, e series of proposed policy qmdehnes issved in 1986 and the essence of which
vas to offirm the principle of product- based (as opposed to process- based) oversight. Scientific
considerations mtwitlntandm, assessing bioproducts on their inherent charscteristics and
intended use hed the dvontaoe of rendering superﬂuous the need for btotechmloqg specific
legislation; regulation could ba carried out by existing agencies ynder extshruq (i sometimes
modlfled) stotutes, with product-use deter mining agency jurisdiction. Avmqu the legisiative
route would, it weas believed, offord flexibility to the regime, which, in turn would facilitate
keepmg pace with the rapunu odvamno scientific qnd technological frontlers

TM: approech hes worked well enough in the case of blophormuucolo with the risk
messment process more sdvenced for industrisl then for enwronmental applications of
biotechmloqy, and the health qnd afetq siokes Iwar the FDA hss been oblo to regulate slong
more or less conventions! 1ines omnoqh Moproducts ore eveluated on 8 cose by-case besis (s
practice thet les increased both ﬂ me lags and the, demand for apntal and hmmn resources on
mdustru and the FDA melf)




RIS ARAR WA R AR

g
. e e s st e e« s

SEF 4 "3 14:S4 DEFP SOCIOLOGIE FHSE. 14

12
In the aree of environmentel rolease, US. policy hes met with considerably less success; with

critical scientific questions remafning unanswered and quentitetive risk sssessment still very
uncertain, the inedequecies of existing legisletion have been biatant (particulerly under the
Toxic Substances Control Act, which euthorizes the Environmentel Protection Agency to oversee
recomblnant microorgenisms, but wes desighod with chemical substences in mind). Caught
between legitimate scientific concerns and pressures from the Administration and i ndustry, both
the EPA and the U.S Department of Agriculture (USDA) have been hard put to come up with rules
on deliberate relesss (irdoed, in the case of the EPA, to determine the scope of such ruies).
Moreover, since agency jurisdiction is determined by intendod product use, many products fal)
under the regulatory responsibility of more than om} agency; for companies this means
multiplying filings and meeting differi ng sets of requirements. Rogulation presantly proceeds on
8n & /e basis and within the confines of smell-mlé tests. Meanwhile the advantages of
fexibility have been more than offset by obstacles linked to regulatory unpredictability and leck
of clarity, end to overlapping bureaucracies, with the ag-bio industry paying dearly in time ond
resources.

EC reguletory policy stands in rether stark contrast vith that of the U.S. Deeming it necessary to
oversee not only the products of biotechnology but the processes by which they sre produced, the
Communiig hes combined a verticsl (opplimtion-specjﬁc) ond 8 horizontel (technology-
specific) approsch to regulation. Moreover this approach has been embodied in community-wide
legisiation, whereby once the EC Council eoopts biotech ﬂirectim {of which four have been
8pproved to date, with many more in the pipeline), member states must enact them into nationsl
Jow.

By opting for umbrellq, community-wide legislation, the IEC has given priority to interagency
consistency and cross-country stenderdizstion as ways of optimizing the requlstory process and,
specificolly, of leveling the competitive playing field on;om EC member stotes and ovoiding
intre-community trade barriers. Thus, for instance, alﬂmqh regulstion of environments)
relesse is clearly more stringent than in the U.S.,:the European directive provides & uniform and
binding set of rules covering everything from notification preparation through small-scale field

trisls to the merketing of recombinent products {(cf. Journe! officiel des Communaytés

européens, 1990) |

This being said, there sre signs that, in its preoccupation with internetional competitiveness
the EC i3 olso sensitive to elements of the U.S. regulatory philesophy. Thus, for instencs, 1n its
document “Promoting the Competitive Environment for ‘the Industriel Activities Besed on
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Biotechnology Within  the Community™ (April, 1991), the Europeon Commission

simultaneously reiterates the necessity for member -state enactment of directives approved by
the Evropean Council, and spesks of “constsnt ossessment of the sppropriateness of existing and
proposed legislation™, a clear step in the direction of regulatory flexibility. Itis, furthermore,
believed by some that stringent directives on the conteined use and deliberote relesse of
genetically engineered organisms may undergo just such a reassessment (J Hodgeon, 1991).

The politicel process in which biosafely reguistion is immersed is also offecting both the shape
of regulatory regimes and the rate of biotech irnovation. Above and beyond the conflict and
bargaining process thet is part of rule- meking and thet involves lobbying by interested parties,
regulatory politics brings inte play interagency jurisdictionel turf wars, with industry often
caught in the middle'!. Byt more disturbing sti)l are the high-level power politics that sre
plaguing the regulotory system, particularly in the US., where accusaticns of secrecy, high-
handedness and interference have repestedly been leveled against executive-appointed
committees charged with coordinating regulatory ectivities. As recently as July 1991, it wes
reported thet members of Congress are debeting whether to request s Government Accounting
Office investigation iato olleged ““White House interference with science advice to the
8gencies’™; as a congressionel staffer out i%, it’s “‘a metter of who's in charge of developing
scientificelly besed regulstions - politicel sppointees or scientists’” (J.L.Fox, 1991).
Externalities of this sort csnnot but incresse regulstory inefficiencies (even when they are
generated by those who invoke the ..visible hand”).

11i. Human, meteris]l amd budgetary reseurces. In the US. and probably 8 number of
other countries, alack of qualified regulatory personnel, particulary top-level and entry-level
scientists and physicians, is linked to competition for human resources from the private sector
and even scademia, which offer more attractive sslories and working conditions. In the us.,
deep cuts in sgency funding thet heve accompanied Jaissez-faire policies since the early 1980s
have fed into this problem. Budgetary restrictions are slso relsied fo lags in up-to-date
lsboratories and equipment srd to the inability to computerize the review process. As the
number of product spplicstions continues to increase, regulstory deleys stemming from
psrsonnel and infrestructural shorteges mey well offset gsins in Jead times due, among other
things, to the starderdizetion and routinizetion of regulatory procedures. |

iv. Public ecceptance

There is & growing consensus within both government and industry thet s key element in
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determining the ultimete success of commerciel biotechnology is the capecity to creste o climate

of public trust. With respect to this problem, an OECD report puts responsibility squerely in
the lap of government, noting thet “[iln cases where the public has shown concern sbout a
technology, scientific ecceptability is o necessary, but not sufficient condition of acceptance.
When o gap between arceptability and acceptence appears, it will be o gool of public policies to
attempt to close it.” (OECD, 1989)

Regulstory bodies obviously play e criticel role in securing (or feiling to secure) public trust,
and risk sssessment i3 indissociably Yinked to questions of public policy. This is particulariy so
in the sensitive ares of environmenta relesse; agencies mandeted to oversee the environmenisl
applications of bistechnology already bear the legacy of redioactive waste linked to technologicel
innovetions in the nuclear industry, and toxic waste generated by the chemical industry. This
legacy undoubtedly contributes to the fect that environmentsl agencies in meny countries tend to
view anytiing associsted with biotechnology with extreme caution.

But environmentsl release is not the only ores in which regulstors must besr in mind both
earlier foilings and the credibility problem those failings have helped to creste. As recombinent
products such s engincered tometoes begin to enter the food chain, new concerns will become the
focus of public scruting end debate, pertislly because of past difficulties. The latter include the
benning of the hormone disthystibestrol sfter 25 years, because of carcinogenic chemical
residues discovered in treated meat, and, more recent public outcries involving pesticides. As
late as 1990, the US. EPA recognized thet “legel limits on chemical residues for most pesticides
in use before 1985 sre besed on inedequate infor metion” (M. Burres, 1990). Public confidence
inthe FDA will certainly not be boosted by ongoing investigations into the Agency’s olleged role
in covering up concerns about enime! hesith and, possibly, human safety, in an attempt to
accelerate the approval of recombinent bovine growth hormone { bGH)

A regards trust building, undoubtedly the most important thorn in the side of regulatory bodies
(and industry) heve been the highly visible environmentel and other public 1nterest groups,
whose use of the medis has been effective in arousing public biosafety concerns. Among the
tocﬁics used by such groups ere the ssboteging of ag-bio field tests, a3 well a3 petitioning snd
even suing government and industry. In the US, litigstion is o particulerly effective mesns of
craating requlstory delays, oven when coses ars lost. And the sole 133ue of 1isbility coversge
prgnbts 8 potentielly serious threst to small, cash-poor biotech companies.

Another public policy issue thet hes generated considerable public reection is thet of
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ocioeconomic impect, particulerly when egriculturs) productivity enhancers are involved. in

the by now notorfous cese of genetically engineerod bGH, concern thet inexpensive, hormone-
induced milk would drive smell farmers out of business - - a3 well g3 skepticism about the effect
of bGH on defry cows end the milk’s safety for humen consumption -- hes provoked strong
resctions on both sides of the Atlentic, with public intc. ests groups exerting considerable
pressure on government aad industry. With regulstory agencies traditionally mandated to sssess
drugs on the besis of three scientific criteris (safety, quality end efficacy), the o /acte
introduction of & needs criterion, the so-called “fourth hurdle™, into the product spproval
process, hes contributed to keeping bGH off the commerciel market. In the EC, furthermore,
implicit regulstion by public interest groups and farmer lobbies has undoubtediy pleyed s role
in the drefting, by the Agricultural Directorats, of legisletion thet, if adopted, would meke
30cioeconomic nesds assessment part of the spprovel process.

A3 biotechnology gets more deeply involved in oress such es humen gene therapy and the
engineering of farm amimels, sensitive bicethical questions sre certain to proveke yet further
public reaction, creating new regulatory externelities.

haadi il R U

The preceding observations well illustrste the more general problem of meking snds and means
meet in regulstory policy- meking and implementation. Stated goals of fostering the innovative
process, commercie! interests and netional competitiveness are undermined by a host of
regulstion- relsted rate-limiting barriers.

With the exception of fast-treck snd/or paralle] track review for bictherapeutics simed st life-
threatening disesses, long lead times and the essocieted costs and uncerteintfes created by
regulatory externelities are plaguing the U.S. biopharmaceutical i ndustry. Following  yesrs of
reguleted clinical tests, FDA spproval of genetically engineered drugs still tekes on syerooe of
34 months, with the result thet only 13 drugs have been approved, while over 100 are caught
up in the finel pipeline (not to spesk of some 800 other bioproducts, including dieon@ﬁc teats
and drug delivery systems). This in turn hes many compenies planning inftis! clinicel trisls
sbroad (Gibbons, ., 1991) |

Ag-biotech firmo fece even greefer regulatory delsys. As of Mey 15 1991, opplico:tlom for
environmental relesse of some 156 qmticeilq engineered plants and 28 genetically engineered
microorgenisms hed been spproved or were under review by the USDA and the EPA (mﬁm
Exchonge, 1991), but slmost, sl thess spplications concern smell-scale fisld trials, and
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permits continue to be {ssued on o case- by-cese basis._ [n the absance of overell rules for large-

cale testing, and given the pressyres exerted by public interssts groups, it is Iikely thet most
engineered bioproducts (perticularly microorgenisms) designea for release to the environment
vill remein in the regulstory pipeline for some years to come. Under the circumstances it would
not be suprising thet, ss many believe, Some companies seek to accelerate the testing process by
conducting carly trials in countries thet do not regulate deliderste relesss, sithough this does not

solve the problem of meeting home country criteris, and invoives the risk of potential public
1mege fallout.

in both the phermaceuticel and agriculturs! spplicstion sectors, regulstory barriers give o
competitive advantage to large esteblished corporstions, which have grester financiel staying
power end regulstory experience then dedicated biotech compenies. However even the most
powerful corporstions cen experience financiel strain when the spproval of hesvily Tynded
products becomes & protrected snd precarious sffeir. for instence, Monsento has sunk an
estimeted $250 million into recombinant bGH and is spending some $56 million snnuelly to
keep prapered for the eventuel launch of the bovine growth hormone and s relsted porcine

growth hormone (J.F Siler, 1991); mesnhile, FDA spproval of bGH appears to be increasingly
unlikely.

Finelly, it should be noted thet regulatory berriers play & critical role in determining not only
the timing but elso the direction of innoveiion in biotechnology; this s true both across and
within epplicstion sectors. One of the re@om thet commercial ag-bio lags behind
biophsr maceuticals is thet the sclentific basis for risk §sacssment is less advanced. Similarly,
within sgricultursl biote:hnology, controversy over deliberats relesse (especislly of GEMs)
&nd recombinent products entering the food chein hey many companies, both small and lerge,
re-directing R&D towards more readily occeptaﬁle products, while some existing projecis have
been put on the backburner or simply dropped.

S. Intellgctusl property ri

Since petent spprovel does not pey off until the sale of o product hes elso been suthorized,

lengthy petent deleys are considerably less domogmq to industry than regulstion- relsted time
legs. Nonetheless long patent-issuance lead times do constitute an entry deterrent barrier;
among other things, tl'm; expose unprotected technoloqm impact the competitive position of
companies and products end incresss costs. (G S Burriil end K.B. Lee,Jr.,1990) |
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Between April end Decomber 1988, US. petent pendency periods for diotechnology avereged

29.4 months, 83 opposed to 21.0 months for all patent issuences/rejections. By appiication
sector, periods were the shortest and issusnces the most numerous for equipment (26.0
months/401 patents) and the longest for genetic engineering (39.2 months/36 patents) . During

the same period, the becklog of biotechnology petent applications grew ot & 19 percent rate
(5,200 t0 6,200). {USGAD, 1989).

The ressons fer patent rssuance time logs are, in seversl ways, strikingly similer to those
causing long regulstor, time frames. In both instences, the complexities, newness and repidly
edvancing frontiers thet cheracterize biotechnology creste lesrning curve- related delays snd
shorteges of senior examiters qualified to train junior staff. Asin the regulstory arens, the
best human resources are siphoned off by the private sector, although, in the US, government
hes recently undertaken to redress this situetion by grenting the Patent and Trademerk Office
special engineering salary rates; furthermore, industry itself has shown interest in sddressi ng

steff shorteges, with the Industrisl Biotechnology Association setting up its own Institute for
treining biotechnology exanriners.

But patent issuance is no? the only problem linked to inteliectusl property externalities.
Loopholes, ambiguities, and unenswered questions about petent scope, leave plenty of room for
lega) challenges, perticularly in the US. where, for instence, it is possible to hold & product
potent without heving rights over the processes involved in meking the product. Similerly,
different patents can cover different sspocts of a given product or process, or, conversely, a
single petent can, :in Some csses, cover the applicstion of en ides to different species Among
unenswered end controversis) issues concerning petent scope: should o patent’s claims ever
encompess progeny? (J.H.Berton, 1991;G.S. Burrill and K B, Les, Jr.,1990).

When the threat of castly and time-consuming Iitigetion 1S added 1o petent-issuance delays, it
bacomes uuderstar@hble thet meny pher meceutical compenies seok the advantages of orphan drug
status, which offers 7-year exclusive mer keting rights, costs nothing beyond the preperation of
the submission, m) can be granted within as little as thirty deys ofter filing. F urthermore, an
orphen designstion can be established for just about every bioproduct derived from the
memmalisn or bun:\on genome, 1.e. the sres vhéro patenting hes proven the most problematic
(JG.Thosne, 1991). Companies are elso incressingly turning to cross-ticensing a5 o less
expensive, less uncertsin and less drawn-out slternetive for meintaining merket position.

Cross-country potebﬂug differences, both prowﬁurol ond substantive, also impect the timing of
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merket entry and decisions &3 to which markets to enter_in Japan, petent epproval time lags are

cven grester thenin the US., with foreign applications for Diopher maceuticals sometimes held
up in the Jepanese Patent OfMice for years before first sctions are made, end during which time
these same products are being sold by Japanese firms. Simileriy, meny countries use & “first v
file” criterion for awarding petents, while in the Us. potents are grantsd on & “first to invent”
besis; this mekes it more difficult to protect rights in the US. and in cross-border filings.

Substantive limitations on the petenting of bioproducts also vary. For instance the Japenesa
patent is 30 narrow in scope 63 to be essily circumvented; this constrests with US. end Europesn
prectices of offering broed coverage. Likewise, meny countries do not offer protection for
recombinent microorgenisms, plants and snimels snd/or limit the ability to exercise patent
rights, as through extremely brood compulsory licensing schemes. (L.J Raines, 1991). All of
these considerations obviowsiy play an importent role in the internetional strategies of
compenies.

6. Competitivapess

In the lest anelysis, the commercisl success of biotechnology depends not only upon its inherent
advantisges, of which there sre now many exsmples, but s1so upon the relative competitivensss of
its products and processes. A notable exception to this rule concerns instances where the
technology hes genereted totelly new products or hes overcome absolute limits to the availability
of inputs (UNIDO, 1991). This letter situstion applics, among others, to the production of
insulin and humen growth hormone, which until recently involved the costly and time-
consyming tesks of drawing aud then processing minute quantitics of extracts from lerge
amounts of animel tissue or, in the case of HG.H., from humen cadavers.

Some of the more importent bottlenecks, scale factors snd berriers interfering with competitive
mer ket entry heve been identified in the preceding peges. These include gaps 1n basic and epplied
scientific knowledgs, hesvy research-relsted costs, scale-up inefficiencies, expensive and
orotrocted regulatory procecures, petent litigstion, skill shorteges, and a sometimes
‘unrecephve public.

Mdmoml factors thet negetively impect relstive competitiveness and the overoll timing of
mtroduchon and rete of diffusion 1n biotechnology, ere rooted 1n orgenizationsl, mtituﬁoml and
momerial inefficiencies, 83 1n the case of the US. health-care system {F. Sercowcn ond M.
‘I.eopold). With medical costs now sccounting for 12 percent of the ooquq 3 gross nationl
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product, phermacsuticals sre under increasing pricing pressure from the public and privete
health insurence system, and reimbursement fssues are rapidty becoming e major new hurdle
for the industry. Althowgh biophermeceuticals tend ¢ be trested with more lotitude then
traditionsl drugs, their coverage by the insurance industry (which is crucial to their success)
vill be incrvssingly linked to cost-effectivencss criteria. Cost/oenefit analysis will prodebly
reise questions obout many products on the market and in the pipeline --t-PA and FPN are
alreedy under scrutiny, and compenies that de not or cannot afford to factor such analysis inte
their clinical -trial strategies will be at incressed risk f urthermore, in those instences where
cost-effectiveness does efford a - .mpetitive odventege to Diopharmeceuticals, the question
remains 83 to how the U.S. economy 1s going to absorb the costs of large-scale marketi ng.

The rate of product development is also offected by difficult end inconsistent access to capital.
This is particuloriy clesr in the case of biophermaceutical and ag-bio applications, which hove
the longest development leed times and are submitted to the the full rigors of biosafety
regulstion, and with regerd to smell- end medium-size firms, which heve the same up-front
investment needs s lorger companies, but not the revenuss to support them mr, it follows, the
capacity to weit out lengthy paybeck periods.

Company strategy else influsnces biotechnology’s relative competitiveness and the timing of
product introduction. Generelly speaking, esteblished phermeceutical and agrichemicol
corporations do not seek to block the new technology - on the contrary, it is these companies thet
tend to take control of biotech products es these spprosch merket, and that are usually in the
forefront in the rece to reach the marketplace (cf. F. Sercovich snd M. Leopold, forthcoming).
But in those instences where bioproducts are sctully competing with profitedle established
merkets, corporetions mey use biotechnology to extend the iive cycle of existing products, es in
the case of pesticide-resistant plants being developed to work with mw generation pesticides
Such steategies can slow advances in certoin aress of biotechnology, but they cannot actuelly
bring progress tos helt; nor is it in the long term interest of corpurotiom to do %0, given the
erosion of (Mr merket positions. This is why, for instence, the somc companies that sre
developing mucide resistant plants to sccompeny their new oenerohon pesticides are elso
working on mt resistent plants and biopesticides.

As long a3, and to the extont that, blotechnology doss not secure e clear competitive sdvantage
over convenhonol products and processes, its futurc trajectory remsins uncertom Geining this
edventege i u likely fo be on uneven process, smoe the weight of entry deterrcnt berriers veries
ocross epplication-sectors end user-industries, and sccording to eoéppang size, country,
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lesrning curve- and other time-relgted fectors, etc. Unanticipated events such oy redicel

cientific ang technological breskthroughs or significant sMfts in relstive prices, can
drametically enhance the relative ompetitiveness of bistechnology, but, here ag8in, chenges
will not impect all sectors st the same time #nd/or o the same degree.

The competitive potential and diffusion rate of specific applications is not essy to predict, and
there have been severst surprises to date. In the case of chemicals, particulerly commodity
chemicels, the impect of biotechnology has fallen far short of initiel forecasts, partly because of
mejor technical limitations on the technology’s use for chemicsl production, partly because of
underestimations &3 to the relative competitiveness of organic chemistry and highty optimized
chemical menufecturing processes (R.L.Hinmen, 1991). However with mejor biotechnological
inroads presently being mede in the sree of specislity chemicals - including the highly
productive “ferming” of biopolymers, a field in which growing menufacturing efficiences will
sliov incressed competitiveness »is ¢ 172 oil- based plastics (G.McWilliams, 1991) - it is
difficult to enticipete the future oversil impact of biotechnology on chemical processing.
Similarly, in the ores of poliution prevention, seversl biotechnelogy-Lased projects are
presently being developed, but it 1s too eorly 1o determine how the new techniques end products
will fare in the regulstory arens, and in terms of relative costs, etc.

Competitive dynamics can olso be redefined by the introduction of rival technologies or by
Synergistic approsches to product development. A previously-cited exsmple of this latter case
is thet of rationel drug design, whereby genetic engineering is used to improve conventional
pharmeceutical R&D. Whether this industry-driven approach, in turn, proves competitive
depends in pert on newly crested chellenges; smong other things, the synergistic use of
biotechnology, protein crystaliography, computer modeling end chemicel synthesis requires o
Mghly coordinsted and successfyl effort st scientific sharing, and the associated
interdisciplinary manageris) skills.

Although many factors are still preventing biotechnology from fully reelizing its competitive
potential and slthough present time lags may in and of themselves open the door to an altered
competitive dynemics, repid sdvences at the scientific and technological frontiers, o:studu
stresm of secondery innovetions, and the inevitable shortening of lcad timez keep slive
expectations thet biotechnology will indeed become s mejor social and economic force in the
coming century. One recent example of such promises {nvolves s double milostdne in the sttempt
to find a substitute for blood: the production of humen hemoglobin in trom;:qenic piqs: ond a
breokthroqu technique for purifying the hemoglobin. If proven safe for human transfusions snd
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cost competitive, this blood substitute, which hes severs] inherent advanteges over doneted

blood, could meet an important need of society.

7.LDCs: Jessens lesr

In developing countries, o3 1n the edvanced industrial economies, the resl-world difficulties of
entering biotechnology are in the process of superseding early hype. The shedding of illusions is
undoubtedly requiring thet much grester an effort thet much hes besn mede of diotechnology’s
poteatial for solving economic and sociel ills of i{0Cs, and thet the technology was herslded by
many as being particulsrly sppropriate for leap-frogging (F Sercovich and M.Leopold, 1991).

This is not to say that LDCs cannot or should not enter biotechnology - - in fact 8 considerable
number f them slresdy have entered -~, but the scale, scops, timing ond success of the
underteking, ss well as the actuel entry scenerics and application sactors, will depend, in good
pert, upon the capacity of the various countries to desl with the sorts of obstacies to
commercielization identified in the preceding pages.

These obstecles sre, to be sure, not the only factors thet will determine the future of
biotechnology in LDCs. Indeed, thet future will result from the interplay of & large number of
varisbles, including, on the country level, threshold factors such ss merket size, industrisl
infrestructure, eveilability of finencing, scientific, technologicel end menufecturing skills and
capebilities, as well 83 netionsl science and industrisl policy, and linkages between the public
and private sectors. Furthermore, much will hinge upon developments in the industristized
countries, where the new biotechnology came into existence, and where its trajectory is being
defined. Thus, for instence, the rete at which multinetione! corporations seek to export biotech
products, technology or activities to LDCs will depend, among other things, on various aspects of

company strategy and on conditions thet prevsil on home merkets end in other indystrialized
economies.

These and otber considerations notwithstending, it is imperative thet (DCs pay due stiention to
the question of gaps, bottlenecks, scale factors and entry barriers. The countries thet ere
presently leading the way in biotechnology heve understood that sugcessful morket entry is
closely linked to correctly identifying and overcoming these obstacles, and they are acting
correspondingly; it is incumbent upon LDCs thet seek to compets to do a3 much.




SEFRF 4 "31 15:00 DEP SII0LDGIE FPRGE.Z4

Festostes

1. Established in 1968 as a bilateral group under the auspices of the U.S -Jspan Business Council and the
Japan-U S. Business Coungil, the Forum on Bioteohnology decided in 1990 integrate the European Senior
AMdvisory Growp on Biotechnology. in 1991 the industrial Bioteohnology Asseciation of Canada also joined
the Forum, the U.5.and Japanese memberships of which have been passed on to the respective industrial
biotechnology associations. In 1990 the original Forum issued a report on the “harmonization of the
scientifio principles and procedures “underlying the regulations related to bicteohnology “.

2. Declining produstivity has been tinked to stringent regulation and 3 decrease in returns to triai and
wrror Screening techniques used in traditional drug development. Safely and officacy testing s said to
account for some 60T of Hhe cost of developing new drugs (F Sercovioh and M Leopold, 1991).

3. in many instanoes acquisition is actively sought by startups, and some of the latter are actually
founded with the objective of being sold.

4. RED threshold factors are pot the only barriers that sirategic afliances help to overcome,
partioularly in the case of biotech startups; in addition to being a major source of oapital, these
partnerships oan offer support in the areas of production snd marketing/distribution capabilities and
regulatory expertise. Dedicated biotech firm that are engaged in several partnerships (as most are)

gein the additions! advantage of tying up their assets in such 3 way as to make them less vulnerable to
takeovers,

3. Average drugs prices are much Mgher in the US., wvhere they are fixed by industry, than i Europe,
where governments usually negotiate prices. American consumers are thus subsidizing worldwide R&D.
(GXolata, 1991). Market si. > notwithstanding, pricing flexibility is an important reason for non-U.S.
firms to seek 2 strong U.S. presence and for US. firms to offset relatively lower overseas returns.
This situation can be expected to change somewhat as cost-containment issues begin to be adressed (of.
infra on competitiveness).

6. This explanation has recently been stood on its hoad in » draft U.S. OTA report to Congress, which
holds that the industry’s $221 million estimate cost of developing 3 new drug is an arbitrary figure
aimed ot justifying exorbitant prices. (M. Freudenheim,1991). With returns on sales of over 20% and
profit margins three times those - f most other major U.S corporations in 1990, pharmaceuticals are
indisputably the most profitable U.S. industry. In fact, profitability is often cited 45 one of the major
reasons why the biotech startyps choose to ge into pharmaceuticals rather than other application
sectors. Industry sources also tink high relative prices to the fact that US, law allows for quick release
of inexpensive generics when patents lapse ~ a5 will be the case for mawy major products in the coming
years -, with no new drugs to piok up the stack. In many instanoes soquisition is actively sought by
startups, and some of the latter are actually founded with the ob jective of being sold.

7. EstabHshed pharmaceutical companies are keeping 3 close watch on developrnts st rationa] drug
design startups, with some already engaging themselves financially. Such cases aclude Japan's Chuga
Pharmaceutioal Co.’s buying heavily into Vertex, a cutting-edge drug-design comgany , av well as a
recently concluded strategic alfiance between Schiering-Plough and £jourch Pharmaceutios), whereby
the former is investing $6.5 million info the latter in exohange for nun-exclusive rights to Agouron’s
technology and expertise in determining the moleoular structures of proteins. Together the companies
will attempt to design anti-cancer drugs targeting the RAS proteln (JO'CHamifon ef 4/ 1991;
Bio Technology, June 1991). |

8. Thwse inchudo the exploitation of inaoouracies in the disgnosts of hGH defiotencies, heavy financing of
' the Human Orowth Foundation, funding and courting researchers in pediatris endocrinology .
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9. The President’s Comncil on Competitiveness Report (cf supra) has discretely admonished such
practices by recommending that the FDA “develop administrative proposals to address concerns about
the definition of ‘disease’ used in the program to avoid overextension of the program to treatments that
are not ‘orphan’. (p.18)

lo.mkmutﬂigmwssstwgmqyetmdmm ending; long—term efficacy of the drug (ie.
inoreased adult height) has not been clinically proven in the case of non-hGH-defiotent children, nor have
potential Tong-term health risks to this population been excluded.

11. In the US., jurtsdictional disputes concern not only the agencies themselves, but the varioys
Congressional committees mandated to oversee them and to interpret statutory reach. in the case of the
EC, interbureaucracy conflicts may involve up to & dozen direclorates potentially nvolved in regulating
the work of bioteoh companies, and the abovc—mentioned directives on the contained use and deliberate
release of genetically modified organisms are seen, in many quarters, as an attempt by the
Environmental Directorate (DGXD ~ author of the directives —- to force other Directorates to either
adopt its rules or to forfeit any control over regulation in these areas.

hmmmm,amﬂwlmmmnhfwmofah/otierrowlatwg
system. . both the US. and Germany, federal-level oversight is paralieled by state/Land regulation,
although in Germany this will change as EC-level legislation is implemented, and the U S. Adminstration,
partially under pressure from industry , is calling for the elimination of state and local laws
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