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Abstract

The role played in the last decades by contraearet organizations (CROs) has been almost
completely neglected by the economic and managi@eahture. At most they are presented as firms
performing routine clinical tasks, a portrait whighlargely outdated and misleading. Thus the main
objective of this paper is to highlight the evodutiof the CRO segment of the biopharma industry,
discuss the foundations of CROs' comparative adgentand underline the consequences of their
growth for the effective functioning of the industWe suggest that the increased role acquired by
CROs in performing fundamental phases of R&D hadenthe anatomy of the biopharma system more
functional. In fact even if the turbulence and rabity of IP-based biotech firms is extremely higfh,
they rely to a great extent on CROs, the experiaoeggired to carry out their projects - which mpstl
fail - does not get lost but cumulatively enhanC&¥0s' capabilities, a resource that can be tapped t

carry out further projects.

JEL codes: D83, L10, L22, O30
Keywords: Evolution of industries, R&D outsourcing, tacit kmedge, biopharma industry

1. Introduction

It is curious that the enormous economic and maragditerature on the
biopharmaceutical industry has almost completelyttenh the role played at least in the last
two decades by contract research organizations €LRO the absence of official data, the
importance of this segment of the industry is btdutp light only by some analysis and
discussions in the medical literature and some genel contributions mainly neglected by
the mainstream literature. The biopharma indugriifact generally depicted as embedded

in a tripartite vertical alliance network (Stuattaé 2007, among others), where biotech firms
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typically in-license new ideas from universitiegrther develop and ultimately transfer this
intellectual property to larger firms that poss#ss resources to perform clinical trials and
commercialize the technology. At most we find sdmmds at CROs, which portray them as
specialist firms performing routine clinical tasksccording to us, it is this representation of
CROs' role that must be questioned, since thoughai have been appropriate until about
two decades ago, the subsequent evolution no lgusgies it.

Moreover, the few contributions in the managerigrature focusing on CROS'
activities mainly examine their role with respeattheir big pharmaceutical clients. Thus a
blatant gap in the literature regards the imporaofcCROs for smaller biotechnology firms.
Not less important, an updated picture of the diekelution of CROs is missing, as well as
a discussion of the consequences of CROs' growtthéeffective functioning of the whole
biopharma system. In particular, we shall refletttioe consequence of the increased role of
CROs with regard to cumulative learning, which,adig to Gary Pisano's (2006a) analysis
of the "anatomy" of the biopharma industry, is a@fig¢he main challenges the sector has to
cope.

In order to seek to fill these gaps and addressstees mentioned above, we adopted
this strategy. First, after briefly describing CR®ssiness model and reviewing the scant
literature on the topic, we update the picturel® CRO industry by collecting data from
industry sources (section 2). Second, we addresss#ue of vertical specialization from the
perspective of young biotech companies, basingraights on interviews with a number of
key informants, mainly top R&D managers and CEOBiofech firms and CROs (section 3).
Finally, we discuss and draw some conclusions watjard to the working of the sectoral
system of innovation in the light of the new distion of capabilities among its various

segments, determined by CROSs' evolution.

2. What we know about CROs
2.1 The CRO business model

CROs may be defined as "portfolio of expertise"amigations, whose main goal is to attract
clients (big pharmaceutical firms, biotech stars-wp to university scientists) needing to access th
know-how and facilities for the execution of soroe éven all) of the complex and numerous phases of

development (figure 1).
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Discovery

L ead selection and optimization
Objectives:screening of several mpounds for efficacy and basic d-like charactristics in order to select tl
best compounds that will be assed against more detailed criteria in the followstage. Tests are designec
be relatively low cost.
Tasks and methodScreening effiacy: In vitro models, in vivo models. Early AIE (absorption, distributior
metabolism and excretion) pharnological profiling (pharmacodynamics and phacokinetics): in silict
profiling, develop simple analytic method, measure mbrane permeability and asma stability. Earl
toxicology: off target screen, in v) cytotoxicity, preliminary AMES and hERG lding tests

Drug candidate confirmation

Objectives:confirming that a comaund is worthy of further development withorcurring large costs.
involves a more irdepth applicatia of the tests from the previous stage and adroader panel of test
including some that may be “shostoppers”. The daigenerated here is commorused to meet investme
milestones.

Tasks and methodgreliminary CNC (chemistry, manufacture and control), valion of in vivo models, mor
advanced ADME profiling and priminary toxicology

Preclinical development: preclinical drug characterization

Objectivesproviding highly accurte, reliable data that will be used to justifg ttenduct of clinical trials. |
requires a high level of evidenced documentation to meet the demands of gonent regulations (e.g. Gl-
good laboratory practicesaecreditition) or pharmaceutical companies, and is ttore relatively expensive
conduct.

Tasks and methodsletailed preciical CMC, comprehensive ADME and a toxiogy package

Figurel -Tasks performed in t} phases (discovery and preclinical develmen

A great number of CROexist, with different specializations, bott terms of field of activity
(ranging mostly from the ireclinical phases of toxicology, anics, pharmacodynamic

pharmacokinetics etc. to theri@us clinical phases) and therapeutic areeir specialised capabiliti¢




are based to a large extent on static and dynacaicoeies of scale (a point that we shall develop
later) and are continuously enhanced over timeutjitdearning.

In general, they are subject to a normal commertsk) since their success does not depend on
any one of the projects to which they add valueeneif the results of some studies fail to meet
expectations, CROs are paid for their work by tleBents (fees for service), who instead bear tble r
of the failure. Due to their expertise in the latechnologies, they are increasingly considered as
strategic partners by clients (usually called sposjsand have a growing impact on the overall
research direction and success (Colin, 2018pwever, there are also CROs with a hybrid bissine
model, who devote some resources to pursue theirr®b projects.

Finally, many CROs also provide manufacturing sssito their customers, who need small
amounts of different biodrugs (cells, proteins, mmwological products, plasmids for DNA-based
vaccines etc.) for preclinical R&D and larger voksrfor clinical trials. The batches used for clahi
trials must be manufactured in facilities authadizey the regulatory authority and must comply with
GMP (good manufacturing practices) guidelines. Biraffering manufacturing services are called

CMOs (contract manufacturing organizations), smany cases CROs are also CMOs.

2.2 The economic and managerial literature on CROs

To our knowledge, the first contribution on theitofs the work of Piachaud (2002).
According to this author "what was once a cottagiustry of consultants and independent
laboratories" grew significantly since the 1960teiathe approval of the Kefauvner-Harris
Act in the United States (a consequence of the imgidence of birth defects resulting from
the use of thalomide), which required companieprtivide proof of efficacy in addition to
proof of safety. Thus the quantity of work in ctal trials increased substantially, inducing
pharmaceutical firms to resort to the external etge and resources of CROs. Piachaud
stresses that over the years CROs' activities elquhheyond clinical phases to include early

stage research, preclinical development (pharmaetiki pharmacology, toxicology studies

! For example, the biopharma industry is currentlyersively engaged in the development of ADCs (aalybdrug

conjugates), a breakthrough cancer treatment thatdeliver cytotoxins directly to cancer cells woitih the collateral
damage of traditional chemotherapy. These are a@mpiolecules that need careful development of artalytical

strategy. Bioanalysis requires highly specializgdipment and expertise that are often only found &RO. Therefore,
assembling a collaborative development team witkrdie knowledge and technical expertise comprisiambers from the
pharmaceutical company and the CRO has becomeatrincthis as in other fields (Spriggs et al., 28D1



etc.), regulatory services and clinical manufacigirieven though by the year 2000 clinical
trials still constituted about 60% of their revesuédmong about 1,300 active companies,
some had annual sales exceeding $500 million @Gogance, Quintiles, Transnational Corp.
and Parexel) and R&D departments pretty similagize to those of their big pharmaceutical
sponsors. Piachaud mentions that also biotechnaadydevice industries were increasingly
resorting to their services, but his focus is aniiarma companies. Through a questionnaire
survey of multinational pharmaceutical organizatsionhe identifies the major
advantages/disadvantages of collaborating with CR®pposed to hiring, training and
organizing R&D internally. Lack of resources -ifgies and capabilities - turns out to be one
of the primary drivers of collaborations. In factadto the expansion of the knowledge base of
the industry and the emergence of a number of n@msdarch techniques, even the largest
firms could no longer afford to keep in-house alds of expertise. By outsourcing phases of
development, they could strengthen their focusare capabilities and broaden their research
scope (in term of therapeutic targets) avoidinggierm commitments, thus increasing
flexibility and diminishing risks. However, this @wing reliance on external agents also
raised concerns about the loss of control oveptitsourced activities.

Mirowski and Van Horn (2005) show some interestilaga on the growth of CROs in
the 1990s, which they acquire from industry sourdexble 1). CROs' expansion is

remarkable, with an increase of the market seryeablout 8 times.

Table 1. A decade of Contract Research Organization

1992 2001
CRO market siz US$ 1.0 billior US$ 7.9 billior
Top 20 CRO revenu US$ 0.5 billior USS$ 4.6 billior
# CROZ US$ 100 million 2 16
CRO employee 12,00( 94,00(
# Publicly traded CR 2 19
# Enrolled researcsubject 7 million 20 million

Source: Mirowsky and Van Horn (2005).

They also emphasize the undeniable success of GR&pturing the bulk of industry-
sponsored clinical research away from Academic tHeaénters (AHCs), whose share fell in
a decade from about 70/80% to 35/40%. They argateitha period when the duration of the

clinical developmental cycle was lengthening asdciist soaring, pharmaceutical firms as a
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remedy were looking for a new breed of scientiBsgarchers who was more comfortable
with deadlines and cost containing innovationsy thlso needed full-service providers, able
to coordinate clinical research across nationalndaties. Thus CROs expanded due to the
ability of far-sighted entrepreneurs to respondthese requests, by introducing "a set of
research practices that more effectively adjustedhe traffic and rhythms of corporate
privatized science” (p.514).

Howells, Gagliardi and Malik (2008) present theuttss of a survey of 105 research-
based UK pharmaceutical firms conducted in theopeti998-2003. The outcomes are similar
to those of Piachaud. The reasons to outsourcd matst highly are accessing expertise not
available in-house, followed by the ability to redudevelopment time and costs. In the
activities not considered core by pharmaceutigahdi CROs could perform better due to
"more experience and scale and scope benefit21@): clinical trials rank first, followed by
R&D software and applied research. Finally, in partselection the most appreciated factors
are capability, timeliness and trustworthiness.tésconstraining” factors, HGM highlight
the absence of modularity in some tasks.

Lowman, Trott, Hoecht and Sellam (2012) focus esiglely on the increasing role of
CROs in clinical development. While initially CRQsovided only a limited service in
clinical trials management, they gradually extendbdir expertise "across a range of
therapeutic areas, benefiting from working withd &garning from, multiple clients” (p.101).

Hu, Schultz, Sheu and Tschopp (2007) propose a owmprehensive view of the CRO
industry, ina working paper never published by refereed jostnalccording to these
Authors, the model of outsourcing of big pharmaicalifirms was initially based on the need
to save resources spent in labour intensive anthetasks. "CROs were traditionally seen as
a necessary evil: while in-house teams allowedebatiersight and typically had more
experience, outsourced teams were more cost eificigp.9). Over time, howeverthe
emergence of biotechnology radically changed thesawucing landscapeln fact biotech
start ups, distressed by scarcity of funds andingckapabilities, found in outsourcing the
natural solution to develop their ideas. In extrecases, “virtual companies” started to
flourish, managing relationships with multiple CR@scomplete all the preclinical and early
clinical testing before looking for a more longstepartnership with a pharmaceutical firm. In
parallel, the pharma industry discovered not ohbt the external service providers could do

all steps in the development process, but alsoghality was no longer an issue. "Because
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CROs began to specialize in certain steps of tlveldpment process or specific therapeutic
fields, they became the experts in those area30)pFinally, by outsourcing to CROs that
served many clients, each one client did not intwr risk of intermittent utilization of

resources.

2.3 A brief overview of the recent evolution of @O industry

In order to update the picture of the CRO indusimnythe absence of official data, we
have relied on the reports written by the most irtgyd industrial advisors and consulting
companies, publicly traded CROs' annual reportQ€HRlirectories and websites, specialized
biopharmaceutical journals and industry magaziiés.present in table 2 the main estimates
of the global growth of outsourcing of precliniaatd clinical development to CROs in the
period 2005-2013 and forecasts until the year 28200rding to most sources, CROs' market
size (measured by revenues) reached about 23/Rénbdollars in 2013, a value which
compared to that of about 8 billion presented byoMisky and Van Horn (2005) produces a
CAGR of about 19% over 12 years (in current dojlarelatedly, the penetration rate of the
global biopharma R&D spending increased from 10930601 to 18% in 2013 (IMAP, 2014)
and is expected to grow further. The estimatesinfré CAGR to 2018/2020 vary within the
range 6-9%, and those of future penetration diffi@inly according to what is considered as
potential market (since not all global R&D biopharspending is conquerable by CROS), in
the range between 40-60% in 2020. Even the lowandas quite impressive. The value of
clinical services offered by CROS in 2013 is geher@onsidered about 4 times higher than
preclinical, but we find no consensus on whethariadl or preclinical activities will grow
faster in the future. Given these figures, it iwiobs that the largest CROs are those firms
that keep a leading position in the clinical phases

These forecasts reflect more than one evolutiomhignge. First, biopharmaceutical
companies not only continue to reduce their R&Drasfructure and to search for more
efficient and cost-effective modes of drug develeptn but they have also started to
outsource drug discovery research, an area whiskorfgally was considered a core
competence. Second, an increasing number of engesgiecialised biotechnology companies
have limited or no internal capabilities at all.ifflh even academic institutions, many of

which are benefiting from funding by global biopim& companies, increasingly rely on



CROs' assistance to navigate the drug discoverydawelopment pipeline (Charles River

Laboratories, Annual Report 2013).

Table 2. Outsourced preclinical and clinical depetent to CROs in 2013 and 2020: various

estimates
Global Biopharmg . .
Global CRO Rg?Dasper:?jriJn;rm , Segmentation of CROS ServiGeSgnetration  rate
ket si 2013102020 | EStimated 12013 f lobal|
Source market size to future CROs o! globa
2013 to 2020 and CROs CAGR h bioparma R&D|
($b) potential  marke Preclinical Phase -V spend by CROs
($b) clinical
To 2018:
8,7% overall,
Brocair Preclinical o o
Partners, 2014 growth 21% 9%
higher than
clinical
To 2018:
Harris overall 6,6%]
Williams&Co, | 25,3 (2013) preclinical 21%
2014 7,4%,
clinical 6,4%
. Slower
Global biopharma o
IMAP, 2014 | 25 (2013) R&D spend growth 13% 10% 2001
compared tq 18% 2013
139 (2013)
the past
Innoaction, ! To 2020: o o
2014 25-30 (2013) 7-9% overall 25% 5%
2/3 of the globa Earlv  stagd 24/28% 2013
R&D spend by the (incI)L/Jding 98 Late stage} 35% 2018
i i i h 0,
Results 23-25 (2013) top 500.b|0pharrr.u.|_o 2018: phase llnclud!ng phase more than 60%
Healthcare, 30 (2018) companies i3 £ 606 overall | clinical 2-4 clinical trials| long term
2014 CROs potentia 0 X and central lab(penetration o
services) L .
market (abou 250 services: 75% |the potentia
90/95h) 0 market)
Preclinical and 2013-2020:
William Blair clinical only global| overall 8,8%; o
& Company)| 42122 gg%g; spend: preclinical 12% 88% ngﬁ) gg;g
2014 : 65,1 (2013) 7,8%; °
87,1 (2020) clinical 8,9%
2015-2020: |Early stage Late stage
Global biopharma overall (including (including phase
Zion. 2015 34 (2014) R&D spend 9,8%; early phase 1 2-4 clinical trials| 24% 2014
! 59 (2020) 142 (2014) stage 5,5%j clinical and central lab37% 2020
160 (2020) late stage services) services): 72%
11,2% 28% (2014 | (2014

Source: our elaborations from the cited indust@lrces.

According to common estimates, the number of conesaactive at the world level is

currently more than 1,000. The share of the top tmmpanies, which are all headquartered
in the US, accounts for about 43% of the markdinfeded at 25 b$), with a growth in recent
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years (table 3). Overall, the players are essénsalgmented into three groups according to
size: few top tier companies, several midsized dirrand several-hundred small, niche
service-providers, that have arisen especiallyufgply small biotech companies. A spur to
new entries can be attributed to the preferencerded by the larger CROs to their big
pharmaceutical customers, which leaves biotech eoimep under-prioritized for these same
services Results Healthcare2014).

On the whole, the CRO industry is highly compedifisince CROs not only compete
for business with other CROs, but also with in-leodscovery and development departments
of their larger clients, and, to a more limitedest with universities and teaching hospitals
(Covance Annual Report 2013, Quintiles Annual Re@06d.3 and others).

Table 3. Largest CROs' revenue growth (2000-2013)

Revenues (US$ milliol 200( 201z CAGR Market share
2000-2013 | 2013

Quintiles 1,66( 3,88¢ 6.8% 16%

Covanci 86¢ 2,44 8.3% 10%

PFD 34E 200( 14.5% 9%

Parexe 37¢ 189z 13.2% 8%

Source: Mirowsky and Van Horn 2005, Datamonitor Ilezre 2013, our elaborations

Quintiles, the world’s largest CRO (table 3), istmaularly strong in the clinical phases.
Both Covance, the second largest, and PPD deliveder range of services, also covering
early stage development, while Parexel is morededwn clinical research, technology and
consulting services. Behind these major playefsietd shows a group of large/mid-sized
CROs offering more specialized services, such awl€&h River Laboratories (with sales of
$1.17 billion in 2013) and Wuxi Pharma Tech, patacly focused on the preclinical stages

(including both discovery and development).



Table 4. Main services offered by key-players (2013

Early stage Late stage Other
Pre-Clinical Clinical Peri-Approval Central

Revenues Global Research | Discovery Lab
Name 2013 headcount [ Country | Ownership | Models services | Chemistry |Bioanalysis|Toxicology| Phasel Phasell | Phaselll | PhaselV |Consulting
Quintiles 3.886 27.412 us Public J J J J J J J
Covance 2.442 11.800 us Public J J J J J J J J J J J
PPD 2.000 12.500 us Private J J J J J J J J J J
Parexel 1.892 12.700 us Public J J J J J J J
Icon 1.369 9.500 | lIreland Public J J J J J J J J
Inventive Health 1.300 13.000 us Private J J J J J J
Charles River Laboratories 1.174 8.000 us Public J J J J J J J J J
Wuxi Pharma Tech 593 7.000 | China Public J J J J J J J J
Inc Research 550 5.000 us Private J J J J J J
CMIC Holdings 497 3.500 | Giapan Public J J J J J J J J J

Source: Authors’ elaboration from BofAML CRO Indostreport, 2013; Credit Suisse CRO Industry report,
2013;Brocair Partners, CRO Industry Perspective, 2013

Recently, the major CROs made important steps nsamate the fragmented structure
of the industy by a number of acquisitions and by extending theibglaetworks to run
multinational clinical trials with sites in dozemd countries (Miller 2015, Korieth 2014,
IMAP 2014, Brocair Partners 2014). The broader eaofyservices offered and the extended
geographic coverage are the factors which enalfldl-service and strategic partnerships
relation with major pharma clients, who can streaenyendor management by an integrated
support over the various development phases. Thasynbarge biopharma companies
transferred substantial portions of their clinicakearch operations to just two strategic
partners, who were able to absorb hundreds of fstaff their sponsors.

On the other hand, some big CROs have become st¢erén serving the market of
biotech start-ups and are stepping in to help ne&tketing new biotech projects a safer
endeavor. Quintiles, for example, now directly ngests in some projects with its clients
(Quintile Annual Report, 2013). Among our intervie®s, Aptuit launched a biotech
incubator in Verona, to help develop its poterfuélre clients.

A final observation regards intellectual propergyhts. It seems that although patents
are considered valuable by CROS, "such factoreasechnical expertise, proprietary know-
how, ability and experience of our professionale arore importanf: Moreover, where
considered appropriate, proprietary know-how idgmted through confidentiality agreements

and registrations.

? This same claim is made in Charles River Laboragyinnual Report 2013, p.12, and in Covance, AhReport 2013,
p.8. Similar views were expressed by our informants
10



3. Therelationships between biotech firmsand CROs: the main insights from our survey

3.1.Methodological notes

In this section, we focus on the relationships leetwbiotech firms and CROs in the phases of
discovery and preclinical development, seeking ighlight the economic logic that drives their
cooperation.

To get a first-hand knowledge of the phenomenoreumavestigation, we relied on interviews
with key informants (Kumar et al., 1993). The keyormants approach has been widely used in
empirical studies (Sen and Egelhoff, 2000; Stungb ldeide, 1996) because of their access to strategic
information and familiarity with the sector enviraent (Aguilar, 1967). Our key informants included
founders, CEOs and senior scientists, all indivisluath direct knowledge about the R&D strategy of
their firms. Most of them had previously worked tither companies and all had a deep knowledge of
the international landscape.

After mailing a questionnaire to potential key imfants and a letter explaining the purpose of
the study, we were able to do 18 semi-structuréshirews with 20 respondents affiliated to 13 firms
(table 5). The interviews were conducted face-tefat the firms’ head office, except 3 via Skype.

Overall, approximately 25 hours of interviews wtpe-recorded and transcribed.

Table 5. Affiliation of key informants: type of firs

Number of Type of compan
companies
Pure CRO' 2 public
Hybrid CRO also CM( 1 private
Partnership broker in drug developn 1 private
PureDBFs 5 private
Hybrid biotech compary 1 public
Biopharma midsize compaﬁy 2 public
Diagnostics midsize compa 1 public
Total numbe 13

"One pure CRO is the Italian subsidiary of a compaegdquartered in the USA.

2 By hybrid biotech company we mean a biotech compimay works mainly on his own projects but alsovines
(extremely complex) research services to a singgatc

®*One biopharma midsize company is headquarteredaincE. All the remaining companies are Italian
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The questions revolved around the R&D collaboratitre firms engaged in, the main reasons
for outsourcing development tasks and the type aftractual arrangements that framed the

collaborations.

3.2 Superior CROs' capabilities lead DBFs to outseltR&D tasks

Dedicated biotechnology firms (DBFs) can be considéportfolio of IPs” organizatiorisAs is
well-known, they are the sponsors and developersedfain patented substances with therapeutic
potential (molecules, antibodies etc.), which tbéign import from a university. Their activitieshigh
are mainly funded by venture capital or big pharegical firms, consist in planning and conducting
the phases of discovery, preclinical developmerd an some cases also clinical development.
According to industry sources, the probability @insforming a compound into an FDA approved drug
is about 1in 10 thousand (figure 2), in a field véhthe knowledge base is extremely complex, many
disciplines (such as biology, chemistry, pharmacsumedicine and increasingly molecular biology
and immunology) must be resorted to and many taskst be performed. Thus they face a very risky
bet.

Drug FDA Large Scale

Discovery Pre-Clinical Clinical Trials Review Manufacturing
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[
I
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e e )| = ! )
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Source: Barrel Report, Biotechnology Industry, 2006

Fig.2. Biopharmaceutical drug development: the o&tattrition

% The IP portfolio of startups may be very limited the estreme to one or a couple of patents/leenc
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Usually a DBF starts its operations with a smadinteof researchers, a lean laboratory structure
and the intellectual property (a patent or an esicki license on a university patent) over the
molecule(s) it bets on. Since it would be impossitd realize internally all the experiments and
analysis which must be performed in order to fultglerstand the characteristics of their molecuhes a
test their validity for curing a diseasegcrucial decision for a DBF is to choose whichkis$o realize
internally, and which to externalizéAccording to our interviewees, the decision mtae into
account a number of factors.

First, it must be considered whether the know-hogeded to perform a given task is
strategically or rather occasionally imporfarSecond, the costs of realizing the tasks intgrmaust
be compared with the cost of outsourcing their eden. Economies of scale are crucial with regard
to this factor. Third, and most important, it must considered whethehe degree of skill in
performing the tasks mastered by an external spigeth supplier could ever be emulated internally,
in a long run perspectiverhus the issue is not simply one of relative s@std of efficiency (in a
williamsonian perspective), but rather one of cagas and their possible evolution over timeidt
to this aspect that we devote our attention, seetonunderstand what determines the durghalies
from trade(Jacobides and Hitt, 2005) that can be captureoiditgch firms by resorting to specialised

suppliers.

3.3 Tacit knowledge underpins capabilities
A particularly important form of complexity that miube addressed in building a capability is
the degree of tacitness of the know-how. Accordihng R&D managers we interviewed, tacit

knowledge is extremely important in biotech R&D:

Firm A: " It is important to evaluate to what extent expede, feeling and intuition matter for
performing a task, as opposed to hard, transfeelbleents. In my case, | have a great experience
on cells, which | cultivated for 12 years. Liteyalfrom 1 cell 2 can be obtained, from 2 cellsd et
They are not chemical stuff and are more complean tkhemical molecules. Cells must be
cultivated like plants. When one observes plantg sees how healthy they are: if they suffer or

have aphids, if the leaves are yellow...cells dre $ame thing, one must look at them and

* However, even if a certain know-how is deemed atjiat a newly born firm with tight resource constta might not be
in the condition to build it, at least in the sharh, since it might not afford the investments ethare required. Regarding
the implications of cash constraints on entrepraakdecisions about firm scope, see Jacobidesiinter (2007).
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understand their condition. It is very difficult teach someone to understand the face of a cell at
the microscope. No handbook teaches it."

Firm B: "Cellular biology is an art, not only a science. &dhyou look at cells at the microscope,
apparently they are all equal. You must have a kegn eye, to discover differences. This depends
on personal sensitivity and experience."

Firm C: "We collaborate with a group of Quebec City thatrkgowith monkeys since 25
years...they know that if monkeys move a finges timieans something...How can we compete?"
Also: "The experts in a field know how to interpret thetad.. we might become very excited for
data we did not expect, but those who can locatedtwide context, due to their experience, know

whether those data are really interesting or not."

A high level of tacitnesgPisano 2006a and 2006Balconi 2007) not only involves a long time
to acquire knowledge, since learning is based @emance, but it also confers a great weight to the
intensity of use of this knowledge over time. Sit@eit know-how is continuously improved through
its intense application to a variety of problenfsthie internal use is lower than the use made by
external suppliers, internalization over time isubd to lead to an increasing and insurmountable
competitive disadvantage. Any form of fixed investthwith a low level of utilization creates a cost
burden, but in the case of tacit knowledge theassicompounded by the inability to keep abreast of
competitors. This aspect, which was repeatedly esighd by the researchers we interviewed, weighs
heavily in determining the choice of DBFs in fawar accessing external expertise and buying the

services of a CRO.

3.4 Integrating different capabilities requires lkeddoration

It is also worth noting that when DBFs work on biggpmplex molecules, they nedd
collaboratewith the CRO to which they outsource a developnask, since the knowledge of the
molecule (possessed by DBFs) and the knowledget dtmou to perform the task must be integrated.
Outsourcing the task cannot be done at arm's lenflese partnerships do not tend to be jeopardized

by the possibility that the parties learn from eater and then become competitors. In fact, legrni

® According to Pisano (2006b, p.151), despite theaades in science and the growing use of bioinéica and computer-
aided drug discovery, biotechnology still contaanstrongly tacit dimension: "what is known abotarmget or a molecule or
the behavior of a drug inside the body cannot Bly ftodified or reduced to precise rules (if X, th¥). Data from
experiments are subject to a high degree of intéapion and differences of opinion. What constdusestrong signal of
potential efficacy for one researcher may give paosanother, based on idiosyncrasies in theinitrgiand experiences....
posed differently, there is still an 'art' to didigcovery that relies on judgment, instinct, angegience".

14



simply as a byproduct of a collaboration is impbksior complex tasks. One should here distinguish
between learning about previously unknown charatterof the molecule, which is a typical and
important result for a DBF of the collaboration lwa CRO, and learning in the sense of acquiring the
know-how of the specialised collaborator. This mudore engaging form of learning can be
accomplished only by means of a deliberate and lasging training. It involves learning certain
techniques and methodologies of analysis and havg@éssome specific instruments and facilities with
the active assistance of the trainer, besides aongua theoretical knowledge. Only very simple
techniques can be learned just by looking, at tjmeswhat the expert is doing during the
collaboration.

According to the R&D manager at firm D

"Learning is very difficult. In order to learn thugh a collaboration, you need a completely

different approach from that you put in place ilarto obtain a precise specific result. For

example, we went to AAI (Applied Analytical Induists) since we needed an analytical test on a

very complex protein. They had never done it befot they possessed the resources/competences

to do it. So we met, we discussed, our scientigtdaened the specifications and how we worked

with this protein and we came up together with thethodology for the test. They could have

developed the test autonomously, but it would Haken too much time. We have been working on

these kinds of proteins for 15 years, so they heamed something new from us. We have learned

as well, since we saw how they performed the aicalymethod. However, to be able to perform it

ourselves would have implied too costly investmelsreover, there is a "small" problem. They

were doing about 20 projects of that type, and teefoose other 20, and in the future they would

have done other 20, so that they have hundredsfefaht cases and they accumulated know-how

on that topic that we do not have and will nevervehaWe address only one problem, that

associated to our protein. This is the great diffiee."

3.5 Open contractual arrangements harness transaatidifficulties due to uncertainty

As explained by Jacobides and Hitt (2005), the ¢awd that must be met for vertical
specialization to take place is that the gains ftoade arising from accessing the superior capegdsli
of a vertical specialist are not offset by higmsaction coststhe net TC tax which is the difference
between external and internal governance costs.

Transaction cost theory (Williamson, 1975) claithat the cost of market governance is high
when the terms of exchange are surrounded by wertand when a party needs to invest in
transaction-specific assets. Contracts made initonsl of uncertainty are necessarily incompletd an
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may require renegotiation when unexpected conticigs occur. Referring to the issue of sourcing
external R&D capabilities, Pisano (1990) stressm#ractual difficulties caused by small-numbers-
bargaining and the appropriability problems thaeif the R&D contractor is able to sell the know-
how created during the project to the sponsor'siygbmarket rivals. Howells, Gagliardi and Malik
(2008) discuss the issue of asymmetric informabetween the client and the knowledge provider
concerning the quality of the knowledge transferfBoey argue that contractual incompleteness in a
research contract arises because the suppliereokrtbwledge himself does not knaavpriori the
results of his experiments and their duration kettve project demanded by the client is performed.
These contractual difficulties are likely to be ajex for more complex research projects, to a point
where market exchanges might be precluded. Ase@dussibility that the supplier could provide the
knowledge created for a client to other clientgytlemphasizes the importance of the confidence
accorded to the supplier.

The arguments presented above could be synthesmedtwo main points, namely that
exchanges might be hindered by 1) the need of oc#iadipg contracts over time, due to initial
incompleteness, in a setting of high uncertainjyth2 risk of misbehavior of the R&D supplier.

As to uncertainty and contractual incompletenessisinot relevant in the case of the
externalization of simple and repetitive tests, ahhis easily accomplished through contracts based o
fees for services. In contrast, when complex amgj-lasting research projects are externalizbd,
unexpected is the nornand the question of contractual incompletenesgyua by transaction costs
theory, seems even to understate the purport ofptbblem. The issue, more than the possible
occurrence of "unexpected contingencies”, is ratthatr of framing the provision of an activity whose
results are intrinsically uncertain (Pisano, 2006Relatedly, the problem is not that reihegotiating
inflexible contracts, to address unanticipated aloms from a predetermined path. Rather, the path
can be defined only over time, step by step, thncaug@rocess afuccessive negotiationknterestingly,
the solution devised and generally appliedayencontractual arrangements, explicitly desigtethe
completed over timdan steps scheduled according to the sequencepdrienents, after their results
have been known. According to firm A's manager:

"A contract is written, inflexible, while R&D actity is flexible by nature, since it is unknown

where it will lead. The idea is to make the twangs compatible."

Compatibility is attained by grafting flexibilitynto the contracts through open clauses, to be
written at the completion of each phase of the R&DBcess. Thus, uncertainty is unpacked and reined
in by subdividing an uncertain long-lasting procede sequential steps, where the completion oheac
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step, by transforming into known what was previgushknown, sets the stage for the contractual
definition of the next.

A contractual arrangement that we have found puyilace is the following. The parties sign a
Master Service Agreement, a long-term frameworktremtd which sets the rules of the collaboration
between the client and the R&D service providefind®y the objectives of the research project drel t
route to realize them. A joint operating commit{d®C) and a joint steering committee are created,
with equal participation of both parties, with thien of monitoring and managing the development of
activities. Then the so called Work Orders (WO) iamteoduced in the course of time, each defining
what is to be realized in a certain phase and halven each phase is completed, the results are
evaluated by the JOC and the successive WO isatkfih WO itself is not fixed, since over time
various amendments - the so called Change Requestsintroduced, which define technical details
and their prices. For example, a WO states that afttivity A activity B will start, but if A doesot
yield the expected results, B must be postponedrefbre a Change Request amends the unfulfilled
WO. This system is deemed very effective, sincenteds of amendments are fully understood by the
client, due to the continuous interactions betwéam research staff of the two parties and the
supervision of the JOC. Overall, the externalizatad complex R&D projects amounts to a long-
lasting collaboration based on intense relatiorst@among the parties, rather than an arm's length
provision of a service.

This form of collaboration might also evolve intarae partnership, formalized through a risk
sharing agreement. This contractual form statdstligaactivities undertaken by a CRO are not paid a
the work develops, but at the end of the projeceémwits value is monetized in the market (i.e. a big
pharma company buys the product/therapy develogddy more risky business model has spread
recently. It helps resource-constrained bioteahdito fund their projects and it is expected togease
CROs' profitability, by rewarding risk. However, sitoCROs' business is still based on fees for
services, a model which ensures their basic ecanwrability, while risk sharing agreements tend to
cover a minor part of their activities.

CROs might also prefer, instead of receiving onlggiented orders by many clients, to
undertake integrated projects with them. In thisecthe CRO's project team might include researchers

of the client firm, and the form of payment becorbased on the number of researchers allocated to

® Clearly, "unstructured technical dialogue” is adamental aspect underpinning contractual agreenierdur case. The
capability of commercial partners to manage trssiéssuccessfully stands in contrast with muchalitee (among others,
Monteverde 1995, Christensen et al. 2002), accgrthnwhich markets are inefficient coordination im&gisms "across
interdependent interfaces" (Helfat 2015).
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the project (Full Time Equivalent payment modelpnf risk sharing might also be introduced, by
reducing the FTE payment by an amount to be dukeaend of the project in the form of a (higher)
bonus in case of success.

The problem of small-numbers-bargaining seems $e only in very particular cases, of
extremely advanced research projects, such as-tadde services for cell and gene therapy projects.
An example of this sort is the collaboration betwdlge Italian hybrid biotech company Molmed with
Glaxo SmithKline. In order to provide GSK with theoductive capacity required to develop a series a
gene therapies for some rare diseases, Molmedal possessing the specialized know-how and the
theoretical knowledge brought by its founder, a steademic scientist - had to make important
investments, which tied it to GSK. However, it wobilave been difficult for GSK to transfer the GMP
(good manufacturing practices) methods developeiblmed to the facilities of another firm. On
both sides of the relations, the possibility of miiag partner was very limited, due to the very kma
number of actors at the world level working on $amprojects, and it would have involved signifitan
costs, but it remained a potential threat. Thusleate balance between the contractual strengtheof
partners had to be maintained day by day, througiracess monitored and governed at the top level
between Molmed's CEO and GSK manager responsibtadéaherapeutic area.

Cases of this sort are the exception, while the mwiithat the market for R&D services is quite
competitive - there are a multitude of CROs in neesiments of the market - and in order to meet the
demands of their clients CROs do not need to makevant specific investments. The force of
competition and the importance of reputation algnimshes the risk that a CRO might provide
services of unsatisfactory quality. And with reg&dhe risk that a CRO might transfer the knowkedg
acquired from one client to other clients, it ipkéow by the fact that client firms always patémeir
discoveries before approaching a CROs for thewices. Moreover, there is a widespread awareness

that "fairness" in contractual relations with R&Rrners is fundamental.

4. The self-reinforcing dynamics of vertical specialization: a framework consistent with our

insights

The heterogeneity of firm capabilities is widelykaowledged, as well as its importance to
determine the division of labour among firms (Jadeb and Hitt 2005, Jacobides and Winter 2005).

Recently, Jacobides and Winter (2012) have undtlithat initial divergences among actors are
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sustained by a variety of mechanisms, both ratiamal behavioral, so that over time they tend to
increase.

The focus of this paper is not on the heterogereitpng single agents, but rather between IP-
based firms (DBFs) and expertise-based firms (CR®sgording to this perspective, once a process
of vertical disintegration starts, and specialising arise (specialised in various stages/taskhef
R&D value chain) capabilities becordevergent not simply heterogeneous.

Moreover, specialists increasingly attain a contpetiadvantage over integrated firms as a
consequence of specialization itself. We suggest dynamic economies of scale are particularly
salienf. In fact, specialists engaged in many projectsadile to develop superior capabilities over
time through a learning process which takes placeemapidly and deeply than it is possible within
vertically integrated firms. If tacit knowledge important - as it is in the R&D process in the
biopharmaceutical industry - the scope and vamétgxperiences of specialists translate into a deep
rooted superior capability. This perfectly resosatath Jacobides and Winter's contention (2005:
403):

Changes in vertical scope at the firm and espgcalithe industry level can and do affect the

nature ofthe knowledge accumulation and capability develapnpeocess; indeed, such changes

may be among the most pervasive and least studieersl of capabilities over time. To the extent

that the specialized production leads to fastemk@dge accumulation, vertically specialized firms

may be able to improve more quickly than the irdégsl ones.

The generated capability gap feeds back into aalaation of the disintegration process, since
it becomes increasingly advantageous to resortpaxialised know-how. Thus a self-reinforcing
dynamic of specialization takes place. Moreoveg #xistence of amndustrial infrastructure of
specialist capability carriersat various stages of the R&D value chain faciigsaentry by IP-based
start-ups, which have the opportunity to choosenevevirtual business model. Barriers to entry are
low due to this infrastructure. The entry processthfer contributes to increase the degree of
disintegration of the industry.

Finally, our focus on capability gaps does not niiiat other factofsshould be considered

negligible to explain a disintegrated industriathatecture, such as the quest by firmsselocity and

” As is well knownthe importance of static economies of scale asiecemf competitiveness for independent supplier

firms was originally proposed by Stigler (1951)cg their scale of production is not limited by eéxent of in-house

demand.

8 According to Jacobides and Hitt (2005) a "panajlglifferent factors can come into play in explaipivertical scope".
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flexibility and their tendency to concentrate resources om stoengths. The pursuit of flexibility is
especially emphasized in the literature on theeasing reliance on CROs by big pharmaceutical
firms, seekingo streamline their structure and reduce rigi&achaud 2002, Howells et alii 2008).
Note that this process of reorganization which iegbkthe expansion of CROs' market (disintegrating
firms becoming their new clients), at the same tenabled CROs' growth, since they could absorb
the experienced research teams that big pharmaa€tfitims were disbanding. An interesting example
we came across is the agreement of Aptuit with @amithKline (GSK). In February 2010 GSK
announced its decision to cut its research cerfitéemna (ltaly), staffed with about 500 scientjsts

the context of its exit from the field of resea central nervous system. Aptuit, a CRO founded in
2004 and headquartered in Connecticut (USA), ddcideacquire it, greatly increasing the scope of
its capabilities. Hence an important scientificnieavas not dispersed, but became part of the global
infrastructure of knowledge carriers to which IFséad firms can resort to, in their search for
flexibility. And again, the process of streamliniR&D by big pharmaceutical firms feeds-back into

strengthening the capabilities and resources dicatispecialists.

The dynamics of the increasing division of R&D labin the biopharmaceutical industry could
be summarized as follows:
Phase 1) Initial state: the biopharmaceutical industry is populated by ibiggrated firms; also the
first biotech firms are integrated in all phases R&D (no external carriers of new biotech
methodologies and techniques exist).
Phase 2) Transformation: the increase of R&D costs and complexity promgieal specialization,
as disintegration drivers acquire importance. A ydagon of consultant and small independent
laboratories undergoes a major transformation:GR® segment of the biopharma industry emerges
starting in the field of clinical trials, statiséicanalysis and database management and it grows (b
expansion of incumbents and new entries) by expandiapabilities in the area of preclinical
development (in fields such as pharmacocineticympheology, formulation and toxicity studies etc.)
besides manufacturing of small batches in GMP. Jaation costs are kept low by devising contractual
forms suited to address uncertainty, by competiiorong CROs and by the importance of reputation
(both scientific/technical and moral) to attractests. Barriers to entry for IP-based start-ups are
lowered.
Phase 3) Self-reinforcing dynamics. the emerging division of R&D labour shapes captadsl. A self-

reinforcing dynamics of specialization takes plaC&Os increasingly become a sort of industrial
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infrastructure of R&D capabilities which IP-basadris (both incumbent firms an start-ups) and

universities can tap.

4. Conclusions

This paper aims at attracting the attention of krksoto a phenomenon which has been well
known by practitioners already for many years: ritle attained by CROs in the biopharma industry.
The structure of the industry has changed, with deselopment of what we have called an
infrastructure of specialised knowledge carrierapable of accomplishing fundamental phases of
development with higher expertise than most IP-thdisms. Given the importance of tacit knowledge,
the variety and multitude of experiences is a funeiatal lever for acquiring superior capabilitidsst
condition favors specialised actors working for mmahents compared to actors that can deepen their
experience only by executing their own projects.

Thus our reflections on the views collected by mber of key informants lead us to propose that
the higher scope for learning is the main factodarpinning CROs competitive advantage which
drives their expansion. IP-based small and middie-siotech firms (as well as big R&D streamlining
pharmaceutical companies) can leverage this iméretsire of capabilities to carry out their projects
avoiding to invest to acquire them internally.

This infrastructure is very important for an effeetfunctioning of the biopharma industry. The
existence, as underscored by Pisano, of many inexged firms in the industry, due to the high rate
of IP-based firm formation and early demise, nogemmeans that "much of the tacit technical and
organizational knowledge needed to do R&D wellas accumulating in the industry" (Pisano 2006a,
p.155). While it remains true that IP-based biotBehs, with the exception of established actoke li
Genentech, Amgen and few others, are not orgartizddarn from experience, at the level of the
industry this weakness has been to a large extademp for by the role acquired by CROs.

In other words, the emergence and expansion of dR@snctional for the industry, since a sort
of backbone of stable capabilities has been cre&een if the turbulence and mortality of IP-based
firms is extremely high, if they rely to a greattesxt on CROs, the experience acquired to carry out
their projects - which mostly fail - does not gestl but cumulatively enhances CROs capabilities, a
resource that remains available for an effectivecaxion of further projects sponsored by otherracto

Finally, our paper also highlights the importanoethe managerial decision regarding whether to
outsource R&D, of taking into account not only tagources of competitive advantage (such as

economies of scale), but also the likely dynamicsapabilities over time, on a comparative basit wi
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external R&D providers. In a knowledge-based sedractivity this aspect is crucial. Another
managerial implication is the suggestion of notsidering transaction costs as a given: innovatmon i

contractual forms might lower them to acceptablele even if uncertainty is very high.
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