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l. INTRODUCTION

The establishment and protection of intellectwapprty rights (“IPRs”), such as patents
and copyrights, has a long global histbralthough legal and economic historians have devot
considerable efforts to assessing the very long-terpacts of intellectual property protection
institutions on a nation’s economic developnTetitere is also a growing literature on medium-
term (say, between one and ten years) relationgimmsg a country’s IPRs, openness to foreign
direct investment and imported technologies, ahibtintegrate and absorb external technology
flows, domestic research and development (“R&DTpes§, and its productivity and economic
growth?

Findings from this literature are mixed. Lernd2602a] broad-based historical review
found little evidence for a positive impact of stgghened patent protection on the pace of
innovation, in part because of challenges in méaguPR and innovation. In their analysis of
the historical evolution of patent systems acrbssgiobe, Jaffe and Lerner [2004] note that
there have been several common very long-term scepdtent office officials have been given
less discretion in how they make grants, patenli@Gans are being scrutinized more
intensively, and patent awards are increasinglgaoiived. These trends all strengthen patents
and make them more economically attractive. Orother hand, more recently there have also
been exacerbations in conflicts and litigation ity patents, in part due to the apparent
deterioration of examination standards at patefitesf leading to weaker patents, which to some
observers have had the unintended effect of una@mgand inhibiting the innovation process.
This leads Jaffe and Lerner to conclude, “The pgatgstem seems increasingly to be a source of

uncertainty and costs, rather than a mechanismémraging and minimizing conflict.”
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The measurement of intellectual property protectind of innovation (not just patents)
presents significant challenges. A seminal emglistudy that quantified an index of patent
rights protection for 110 countries at five-yeaemals between 1960 and 1990 is that by
Ginarte and Park [1997], who also went on to asdetsgminants of patent protection levels
across countries and time. Among their principadihgs were that measures of market
freedom, lagged R&D investment rates, and laggeshiopss were strong determinants of patent
protection levels. However, R&D was not an impottaredictor of patent protection unless an
economy had reached a sufficiently high level ofad@oment, suggesting that threshold effects
were present in that a country required a certafical size of an innovating sector before it had
an incentive to provide patent rights.

Causality in the reverse direction — from IPRsd¢or®mic and productivity growth — was
the focus of their subsequent study, Park and @&n4a897]. The key finding from that analysis
was that the strength of IPRs did not appear te laany direct effect on productivity and
economic growth, but rather IPRs stimulated theiardation of factor inputs such as R&D and
physical capital, which in turn contributed to eadping international variation in growth over
time.

These findings suggest that it would be usef@xamine links between R&D and IPRs
more closely, preferably at a more disaggregatesl [&f analysis. In the preliminary research
findings reported here we examine the role of sshadternative measures of IPRs, among other
factors, in affecting a particular form of “D” ihé Pharmaceutical R&D, namely, clinical trial
investigations on human beings for new medicin&e note that in terms of magnitude, private

sector out-of-pocket expenditures on clinical irigegions are two to three times larger than
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pre-clinical expenditures, i.e., the sector’s exjiemes on D are two to three times larger than
on R?

In a previous analysis we have documented thasinghsponsored clinical trials are
increasingly being sited in emerging econonflid®r example, based on data from a publicly
available website, clinicaltrials.gov, we find thegtween 2002 and 2005 average annual growth
rates (“AAGRSs”) in the global share of multi-countdinical trial sites averaged about 25% in
emerging economies, with India (40%) and China (62%hibiting very high growth rates,
although still having minor global share participatlevels (each about 1%). In contrast, over
the same time period, the US share has been s@dnada’s share has declined about 10%
annually, while those for the UK, Germany and ltadve declined at AAGRs in excess of 18%.
This suggests that although IPRs may be playirajeaim this increased globalization process,
factors other than IPRs are also at work, andahatiltifactorial analysis is required in order to
identify and isolate the effects of various factonsglobalization, including in particular various
measures of IPRs.

The paper is organized as follows. In the negtiee we provide a background on
clinical trials in the drug development process] an recent efforts to make data on clinical
investigations publicly accessible to patientsjiclans and providers. Then in Section Il we
draw on various literatures and outline a frameworkmodeling the decision of where
geographically to locate a clinical investigatiand the ways in which various determinants
affect this siting decision. In Section IV we prd® information on data sources and methods,
and outline the basic elements of an econometiodwork. We present preliminary empirical

findings in Section V, and summarize and outlintifel steps in Section VI.
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. BACKGROUND ON THE CLINICAL TRIAL DRUG DEVELOPMENT ROCESS

Unlike the case for many other products, for prigsion drugs the time between original
product development and product launch is very laisgally more than a decade. Most R&D
projects fail, with the candidate medicine nevekimgit to market. In Exhibit 1 we display the
common sequential phases of drug discovery, deseapand approval, and the range of time
intervals devoted to each phdseThe New Drug Application (“NDA”) approval and gte
launch Phase IV timelines in Exhibit 1 refer prithato the U.S. environment and its FDA. The
pre-clinical phase has historically been more lowaile the clinical phases are increasingly
becoming globaf. Incidentally, some recent evidence suggesty sate pre-clinical research
is becoming more clustered in areas having resesrehgths in the life sciences and academic-
industry linkages, such as in Boston, San Francismedon-Cambridge, Uppsala, Singapore and
Munich?

Pre-clinical research — the “R” of R&D -- beginsthwbasic discovery and research, and
extends through animal testing; this basic resegqhbally lasts one to five years, and when
promising often simultaneously involves a spongorgf one or more patent applications at the
U.S. Patent and Trademark Office, and at simil@natps elsewhere. After carrying out
extensive safety/toxicity, pharmacokinetic and piecodynamic studies in various animal
models, the sponsoring organization can file arstigational New Drug (“IND”) application
with the FDA, an Initiation Medical Technical Doss(“IMTD”) at the European Medicines
Evaluation Agency, or with analogous regulatoryhauties elsewhere. In some cases,

particularly for companies with headquarters o@site U.S., IND-type applications are initially
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Exhibit 1: Duration and Transition Probabilities of Drug Development Phases

filed by developers in other countries, such ab@tMedicines and Healthcare Regulatory
Agency in the U.K., before they are filed in thest? In the U.S., the pre-clinical phase ends
when the IND clears the FDA, a prerequisite foowalhg the sponsor to test the candidate drug
in humans in the U.S. By convention, this is theapat which the “D” portion of
biopharmaceutical R&D begins. As noted earlielvgie sector out-of-pocket spending on D is
two to three times larger on average than that.on R

Phase | trials follow the pre-clinical phase anel @esigned primarily to test for safety and
tolerability of the drug in healthy volunteers (j.the ability of a patient to take a medicine,
given its possible side effects and adverse intieres with other drugs). Phase | trials typically
last one to six months. In Phase I, the prelimyretficacy of the candidate drug is assessed, as
is safety and tolerability via continued monitorimwghin dose ranges established in the Phase |
analyses. Phase Il trials typically take frommianths to two years to complete. In most cases,

by this time in the development process the spomasidecided which particular illness or
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condition will be targeted for initial marketing@poval by the FDA (the “primary indication”).
Phase Il trials often are multi-site trials, takjplgce concurrently in one or more countries.

Phase lll trials, often called pivotal clinicaldis, are designed to evaluate statistically the
safety and efficacy of the drug compared to placaisiandard of care within a considerably
larger and typically more diverse study populatiémmost cases the sponsor conducts several
Phase Il trials — possibly in a substantial numifeglobal trial sites concurrently. Particularly
when it is difficult to recruit appropriate patiensponsors can employ a common clinical trial
protocol and simultaneously contract with invedtiga at numerous sites in one or more
countries. Although there is considerable varighithe average length of time of the entire
Phase Il process is approximately four years. é€xhe Phase Il trial data are gathered and
evaluated, the sponsoring organization can sulbsnépplication (called an NDA for synthesized
molecules, or a Biologics License Application, “Bl’Aor biologicals) for review and approval
by the FDA in the US, or at similar institutionsather countries.

A developer of a new drug may choose to initiatedfug development process in a
country other than the U.S., conceive of and dev#ie evidentiary platform, and then
undertake additional studies as needed to obtgiratry approval in the U.S. and elsewhere.
Often after or even before the pivotal Phase Utlgs have been completed in support of the
original NDA/BLA, and during the time the natiormakdicinal approval authorities are
reviewing the NDA/BLA primary indication applicatipthe sponsor may carry out additional
studies. In some cases, the sponsor conductsaadiPhase Il and Il studies as it seeks to
obtain evidence in support of approval for addiglomedical conditions/diseases (“secondary
indications”) beyond the primary one(s) appliedifothe original NDA/BLA. In other cases,

so-called Phase IV studies are undertaken as atiwmeequired by the FDA when approving
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the original NDA/BLA, such as those assessing ltargs effects of a drug in a larger and more
heterogeneous population than studied in the Alasials, or in special sub-populations, such
as pediatric patients.

There is now substantial evidence suggesting thtta context of prescription drugs,
order-of-entry effects are significant, and thatiest entry provides substantial (although not
insurmountable) benefits to the pioneer produchiwithe therapeutic class. One consequence
of this is that the premium for speeding up drugetlgoment is becoming ever larger, implying
that qualified clinical sites that can recruit pats quickly become very attractive to sponsors.
Not coincidentally, sponsors have increasingly bagsourcing clinical trial management to
contract research firms that specialize in rapiieparecruitment, and in the implementation and
monitoring of clinical trials?

Matching willing study volunteers with clinical iestigators has become a critical issue
in facilitating clinical R&D. Due in part to theepceived need to make information publicly
available to potential patients seeking to volunteeparticipation in a clinical study, and to
facilitate patient recruitment by clinical invesigrs, in 1997 the US Congress passed the Food
and Drug Administration Modernization Act (“FDAMAXyhich mandated that sponsors filing
IND applications to the FDA and planning ultimat&dyapply for regulatory marketing approval
be required to register publicly all trials for nieal interventions to treat “serious or life-
threatening diseases”. The FDA’s implementatiothaf legislation resulted in the 2002

creation ofwww.clinicaltrials.gov a publicly accessible website maintained by ttfe. Blational

Library of Medicine*®
A greater stimulus to public registration of cliaidrials, however, emerged from a

different source. In September 2004, membersefrtternational Committee of Medical
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Journal Editors [2004] (“ICMJE”, a consortium ofjor medical journals including theancet,
the Journal of the American Medical Association, and theNew England Journal of Medicine)
jointly published an editorial stating:
“The ICMJE member journals will require, as a cdiadi of consideration for
publication, registration in a public trials regyst Trials must register at or before the
onset of patient enroliment. This policy appliesny clinical trial starting enroliment
after July 1, 2005. For trials that began enrofitp@ior to this date, the ICMJE member
journals will require registration by September 2805, before considering the trial for
publication”.
Although trials designed to study pharmacokinedicenajor toxicity, such as certain phase | and
bioequivalence trials are exempted, the ICMJE meguent is general and is based on a
definition of a clinical trial “...as any researclopct that prospectively assigns human subjects
to intervention or comparison groups to study these-and-effect relationship between a
medical intervention and a health outcorfit’The ICMJE editorial stated that the
clinicaltrials.gov website met their eligibility gairements, and that in the future others might as
well.®®
We note in passing that considerable controverstegoncerning the timeliness of
reporting of results of clinical trials, with cordis emerging between medical journal publication
policies and public disclosure of findings on rémgs
. TOWARDS AN ECONOMETRIC FRAMEWORK
We envisage biopharmaceutical firms as attempbtngdximize the net present value
(“NPV”) of global profits. In turn, the NPV of ghml profits is comprised of NPV from global
sales of currently produced products, the NPV fgdabal sales of future products, and the NPV
of global costs:

NPV Global Profits = NPV Global Sales Current Prcidu

+ NPV Global Sales Future Products — NPwh@l Costs.
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Underlying this overall NPV global profit optimizah are sub-functions, such as the production
function for innovative output, and cost functidos R&D, manufacturing, marketing and other
costs. Given the complexity of the overall optiation problem, global firms decentralize,
delegate and carry out sub-optimization.

In making a decision on whether to site a clintdal within a country i (I = 1,...,1),
among other factors a firm will consider the cowistcapacity to produce clinical evidence, E
in a timely manner. We envisageds being a function of a country’s clinical inguiantities
and qualities (e.qg., trained clinicians and redeans; workforce with tertiary education), number
of patients with access to advanced medical camajnication capabilities (access to
computers and the internet), intellectual propprbtection (patents, copyright and piracy), and
market orientation (extent of government intervemticorruption). The firm will also consider
the costs of inputs in country i relative to otheuntries; we denote these costs asl&the next
section we will discuss various measures of couspecific capacities and costs to produce E

The decision on whether to site a clinical triathin country i will also depend on the
NPV of potential sales of current and future prdduie that country. While we see no obvious
reason why the R of R&D in country i would be linki® current and future sales in that country
(indeed, as noted earlier, such basic researchaeppebecoming increasingly clustered
geographically), such a link may exist betweenwaty’'s D and sales of current and future
products in that country. Specifically, a litenaexists that links activities of clinicians
involved in industry-sponsored clinical trials (pawlarly key opinion leaders) to their (and their
peers’) subsequent prescribing behavioMoreover, in interviews we have had with
biopharmaceutical clinical and regulatory personwel have learned that in the complex

political economy of relationships among biopharewdical companies and public agencies, the
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siting decision of a GCT can be affected by a fawiew of a country’s reimbursement policies,
and by the involvement of clinical investigatorssetting the fine details of those policies.

Given these considerations, we therefore envisagetry i's capacity to produce sales,
S, of current and future products as depending®overall market size (population, gross
domestic product per capita), and its willingnespdy for medical treatments (overall health
care expenditures per capita, and the private-putik of such expenditures).

In summary, we believe a reasonable basis for anaetric analysis is a framework in
which the number of GCT sites in country i, GO a function of its capacity to produce
clinical evidence, Ethe costs of clinical trials in country i relagito other countries,;Cand its
capacity to generate sales of current and futwphairmaceutical products, 5e.,

GCT =f(§,C,S), i=1,.., Eqgn. (1)
We now consider measurement issues and data sdardhsse variable®.
IV. DATA METHODS AND SOURCES

The data we employ in our empirical analyses ctroma a variety of sources, which we
detail below. The dependent variables are the tatme number of global clinical trial sites
over the 2002-2005 period (“GCTPOP”), and the ayermnual growth rate in the global share
of trial sites over the same time period (“GCTAAGREXxplanatory variables include several
measures of intellectual property protection, comatiee costs of clinical trials, infrastructure
capabilities, potential domestic market size, ard fnarket environment.

A. NUMBER AND GROWTH RATE OF GLOBAL CLINICAL TRIAL STES

A clinical site refers to a recruiting location fan individual clinical trial. The
geographic allocation of sites in global trials vadained from the clinicaltrials.gov website.

This registry facilitates retrieval of informati@m the name and identification number of the
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trial, recruitment start date (when applicablestitigs of locations of clinical trial sites, trial
phase (I through IV, other), condition being treltponsor, and other trial characteristits.
Since the specific identity of the medical centewhich the site is located is commonly not
reported, a single recruiting hospital participgtin, say, n distinct clinical trials, is countesira
trial sites.

An analytic data base spreadsheet was createdtheittnderlying data downloaded
electronically from clinicaltrials.gov. The numbarsites each country had in each trial was
entered manually. Data was obtained only fromrenitty recruiting” or “completed” trials in
which a recruitment start date was available. Wueled “not yet recruiting”, “terminated”
trials, studies funded and/or run by academic dlipunstitutions, trials in which the clinical
phase or information on clinical site locations wastated, and studies of medical devices not
relying on a drug for its therapeutic effect. Besaour focus is on global clinical trials, we also
excluded purely domestic (US-only) trials.

Since many already ongoing and almost completats twere retrospectively registered
at clinicaltrials.gov by September 2005, and beeausesponse to FDAMA others had been
registered prior to the ICJME editorial, the confy@esiveness of coverage by clinicaltrials.gov
has likely increased substantially between 2002289%b. However, we are unaware of any
published estimates of the coverage portion, on @feliscussions on the nature of studies
underrepresented in the registry. As discussemhehis complicates our modeling strategy.

Registry data reveal that between 2002 and 2006uh®er of new trials (given
recruitment start date) grew rapidly: 130 triats/Glving 5016 sites) in 2002, 217 (8353) in
2003, 424 (13452) in 2004, and 728 (20049) in 2088 one dependent variable, for each

country we compute the cumulative number of tiit@ssbetween 2002 and 2005 registered at
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clinicaltrials.gov.. Because the coverage rateliafcaltrials.gov is unknown, we cannot
establish absolute changes over time in the numb@CTs by country. We address this in
several ways. Assuming that between 2002 and g@§eographical dispersion of GCTs
reported and not reported to clinicaltrials.gosimilar, we can obtain a preliminary quantitative
assessment of the changing geographical distribati@&sCTs by computing growth rates in
each country'share of total new trial sites by year.

Let so and § be country i's share of new global trial sitegiated in years 0 and 1,
respectively. Accommodating the fact that in egegrs some countries have very small shares,
we compute the annual growth rate in shares bydgetkie difference (s— s) and dividing by
the arithmetic mean of shares in the two yeags;+(s1)/2; to compute a country’s average
annual growth rate (“AAGR”) between 2002 and 2008 take unweighted arithmetic means of
the 2002-3, 2003-4 and 2004-5 growth rates.

B. INTELLECTUAL PROPERTY PROTECTION

In a series of papers, Park and Ginarte [1997]Gindrte and Park [1997] constructed
and then employed in their analyses an index amatghts (“IPR”) for 110 countries at five-
year intervals between 1960 and 1990. The IPRximages subsequently extended to several
Eastern European countries and updated to 19%bs@asssed in McCalman [2005]; the most
current version of the index covers 121 countmetuiding additional countries from the former
Soviet Union and from Asia, contains additionaladletwithin its sub-components, and has been
updated further to 2008. We note in passing that because of the staggemgdmentation of
the TRIPS Agreement (the World Trade Organizatiagiseement on Trade Related Aspects of
Intellectual Property Rights) for developing anddedeveloped countries, the actual

implementation and enforcement of patent proteatiay lag behind legislated changes.
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The IPR index ranges from 0 to 5.00, and is theaigited sum of five categories, each
of which ranges between 0 and 1.00; higher valoéisate greater patent protection. The five
categories are: (i) extent of coverage (patentgwfi seven items — pharmaceuticals, chemicals,
food, plant and animal varieties, surgical produetEroorganisms and utility models, such as
tools); (i) membership in international agreemgmaris Convention of 1883 and subsequent
revisions, Patent Cooperation Treaty of 1970, freBonal Convention for the Protection of New
Varies of Plants of 1961, and a signatory to thelWérade Organization documents on Trade-
Related Aspects of Intellectual Property RightsRIFS”); (iii) provisions for loss of protection
(from three sources -- “working” requirements, catspry licensing, and revocation of patents);
(iv) enforcement mechanisms (availability of prehiary injunctions, contributory infringement
pleadings, and burden-of-proof reversals); andl(vation of protection (fraction of the 20 years
provided from date of application). In 2000, vawd IPR ranged from 0.00 (Burma,
Mozambique, New Guinea) to 5.00 (United Statesiy Wihina having a value of 2.48, India
2.18, and Australia, Germany and Italy each haam¢PR index of 4.52. Since itis more
highly focused on patentability of specific produgtcluding pharmaceuticals, we also examine
empirically the role of the coverage sub-compoméPR, which ranges between 0.00 and 1.00.

For the purposes of this study, we refine the dVB#P® measure in several ways. First,
we focus only on whether pharmaceuticals were @al/by patents, as recorded in the Parks data
set. This yields 0-1 dummy variables at each figar interval, e.g., RX2000 for year 2000. We
also calculate whether for each country there leas lany change between pharmaceutical
patent coverage; in the empirical analysis repdoeddw, we calculatARX = RX2000 —

RX1990.
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Second, a slightly broader measure of patentalafitpyedically-related products
involves not only patentability of pharmaceuticdist also of chemicals and surgical tools and
instruments. We construct BIOMED at five-year mtds as a weighted average of 0-1 dummy
variables for whether pharmaceutical products aver@d by patent policy (weight of 0.5),
whether chemical products are covered (weight26)).and whether surgical tools and
instruments are covered (weight of 0.25). Finallg,compute a change measuraB$OMED
= BIOMED2000 — BIOMED1990.

An alternative measure of intellectual propertgtpction has been published by the
Business Software Alliance [2005] based on a suceeylucted by the International Data
Corporation. Called the personal computer softypanacy rate (“PIRACY”), the measure is
computed as the estimated percentage of the tatabged software base that is “pirated”, based
in part on a comparison of software licenses seliaive to personal computer shipments; we
note that considerable controversy exists regartfiagnterpretation of such a measure. This
PIRACY measure has been published for 2003 and 20@dring 87 countries, and is also
aggregated into six global sub-regidhsin 2004, the mean PIRACY value was 35%; regional
values were 53% for Asia Pacific, 35% for the EwapUnion, 61% for Rest of Europe, 66%
for Latin America, 58% for Middle East/Africa, a2@% for North America.

C. COSTSOF CLINICAL TRIALS

Data on costs of clinical trials per patient, bytry and therapeutic area, were obtained
from Fast-Track Systems, based in Fort Washind®ennsylvania. Fast-Track obtains clinical
trial contract information from small and large pihaceutical companies, biotechnology firms
and contract research organizations, and usesdhisact data to construct comparative cost

data by country, therapeutic area, and phaserttaliresearch. The data product is called Fast
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Track Grants Manager, and it contains “Informatoninvestigator fees, clinical trial design and
other core costs ...from over 20,000 protocols ar@(D investigator contracts worldwid&.”
We have obtained data from Fast-Track on the carspatient in each of these trials by country,
expressed in US dollars using concurrent exchaags,rfrom 2000 to the preséitThe
distribution of counts of trials by country in tRast-Track data largely mirrors that in the
cllinicaltrials.gov database, though the total nemtf trials in Fast-Track falls in 2004 and
2005, due to lags in data collection. Counts me@ountries are very small, and unfortunately
no data is available for a number of countriemtdriest such as Jap&hFast-Track has an
adjusted cost per patient measure, which for eaahtcy we average over all trial phases (|
through 1V) and therapeutic areas, over the ye@@ 2nd 2001. We designated this cost per
patient variable as COSTPP.
D. INFRASTRUCTURE CAPABILITIES

A number of measures of national innovative cajisslhave been constructed, some of
them relying on subjective criteria, others morenbyective and quantifiable sources. As part of
a large study on global investments by transnattiomantries, recently the United Nations
Committee on Trade and Development [2005] (“UNCTADAas published the UNCTAD
Innovation Capability Index (“ICI”), which in turis an unweighted average of two separately
calculated measures, a Technological Activity Inff@Al”) and a Human Capital Index
(“HCI”). The TAl is an unweighted average of R&i@rsonnel per million population, US
patents granted per million population, and scienpublications per million population. The
HCI is a weighted average of national literacy repercent of population (weight of 1/6),
secondary school enrolment as percent of age dweeight of 1/3) and tertiary enrolment as

percent of age group (weight of %2). In UNCTAD [B0@h. Il and Annex A], values of TAI,
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HCI and ICI are given for 117 countries, for yea®@95 and 2001. For 2001, the ICI index
ranges from 0.019 (Angola) and 0.028 (Djiboutipt®77 (Finland) and 0.979 (Sweden); other
2001 values include 0.927 (U.S.), 0.906 (U.K.)04d.8Israel), 0.863 (France), 0.850 (Germany),
0.746 (Italy), 0.354 (China) and 0.287 (India).

One problem with the UNCTAD TAI measure is thahitorporates technological
capabilities in non-medical areas such as soft@adeelectronics. As an alternative measure of
research capabilities, we have obtained data ontsad randomized controlled trials (“RCTs")
from the PubMed database maintained by the Natiabgahry of Medicine

(www.pubmed.go): This database was searched for all paperstregaandomized clinical

trials using human subjects published in PubMextise' clinical journals” between 1990 and
2000. These were then assigned to countries lmasad algorithm that parses the AD field in
the PubMed database. This field reports, in priecifhe institutional affiliation and address of
the article's first author and we were able to idethe country of the first author of almost all
of these publications. Fewer than one percenapés had incomplete or missing address
information, and in most of these cases we were t@binfer the country from the domain name
of the corresponding author’'s email address. Weenthis variable RCT.

We also have sought to employ other infrastructoeasures that are more specific to
health care. These include number of physiciamsas, acute care hospital bédand installed
magnetic resonance imaging uffifsinfortunately, these data are not available fgoed
number of countries in our sample.

Finally, since clinical trials increasingly involhgtobal communications over the Internet,
we employ as an indicator of infrastructure captdés a component of the Economist

Intelligence Unit’s national measure of e-readinesblished in 2006 (for 2005) and in 2003
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(for 2002), covering 68 and 60 countries, respetfiv Information available at the Economist

Intelligence Unit websitéttp://www.eiu.comindicates that approximately 100 quantitative and

gualitative criteria, organized into six distinettegories, feed into their aggregate national e-
readiness rankings, with most of the data souneed the Economist Intelligence Unit and
Pyramid research. For each of the categorieseseange from zero to ten, with a higher score
indicating greater infrastructure capabilities.e™ix categories and their weights are: (i)
connectivity and technology infrastructure (25%);{usiness environment (20%); (iii)
consumer and business adoption (20%); (iv) legdlplicy environment (15%); (v) social and
cultural infrastructure (15%); and (vi) supportiegervices (5%).

Since most of these categories overlap with othegxes, for the purposes of this study
we only employ the connectivity and technologyastructure component, which measures the
access that individuals and businesses have 0 ird mobile telephone services, personal
computers and the internet. In 2006 the categatgria included narrowband, broadband,
mobile phone, internet, PC and WiFi hotspot petietraas well as Internet affordability and
security of telecom infrastructufé. To facilitate interpretation, we have taken theirmal
rankings of this variable (e.g., 1 for the highestking country, 100 for the 160anked, etc.),
and subtracted it from 100, so that increasesamtbasure are interpreted as relatively greater
connectivity capability. We call this index EREADY

E. HOST COUNTRY POTENTIAL DOMESTIC MARKET SZE

As measures of the potential size of the host ecgutdmestic market for
biopharmaceutical products, we examine severahbbas: (i) gross domestic product (“GDP”)
for years 2002 and 2005, in billions of US dollasing purchasing power parity

transformation®; (i) population in millions, for 2004/206% (iii) health care expenditures per
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capita, in U.S. dollars, 1999 and 2003, using comeit U.S. exchange raf&sand (iv) percent
of population living in urban areas, for 2085.

F. FREE MARKET ORIENTATION

A number of organizations have created and puldigh@exes or rankings that purport to
guantify the market environment in which privatetse firms operate. Typically these measures
cover the entire economy, and are not disaggregatsplecific sectors such as health care or
biopharmaceuticals. Among these are the 2006 Infi®darket Freedom Index published by the
Heritage Foundation, the 2005 Economic Freedomxfiden the Cato Institute, and the 2005
Corruption Perceptions Index from Transparencyridgonal.

The Economic Freedom of the World Index, co-pulddéhy the Cato Institute, the
Fraser Institute, and over 50 think tanks arourdabrld, purports to measure the degree to
which national policies and institutions suppommamic freedont? The summary index is
derived from the assessment of thirty-eight comptsiand sub-components which capture
measures of economic freedom in five areas: (8 sfggovernment; (ii) legal structure and
protection of property rights; (iii) access to sdunoney; (iv) international exchange; and (v)
regulation. Economic freedom scores are scoresudref ten, with ten corresponding to the
highest attainable degree of economic freedom.

The 2006 Index of Economic Freedom, co-publishethbyHeritage Foundation and the
Wall Street Journal, is created from a set of S@imit variables divided into ten broad
categories contributing to economic freedhiThese categories include trade and monetary
policy, banking and finance, property rights, prggiand wages, and activity in the informal

sector. A total of 161 countries are assessedjubamindex. Scores range from one to five;,
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scores between 1-1.99 are interpreted by the auti®representing a “free” country, 2-2.99 a
“mostly free” nation, 3-3.99 a “mostly unfree” cdty) and 4-5 a “repressed” nation

The Corruption Perceptions Index is published an§parency International, a civil
society organization who identify themselves asgpéocused on combating corruption around
the world. The index is based on a composite sumeecting the perceptions of both country
analysts and business persons who are residentwanesidents of the assessed countries. A
total of 16 different polls from ten independergtitutions were drawn upon in the scoring
process. All countries included in the index featat least three polls. The index ranges from
one to ten, with a score of ten correspondingdoumtry perceived to be least corrupt. The 2005
index reflects data collected between 2003 thra2@f)b.

Finally, various forms of price controls on bioptmaceutical products have existed for
guite some time in most countries other than ti& Wanjouw [2005, Table A3] contains price
control data on 68 countries (excluding, howevéinn& and countries from the former Soviet
Union) for two time intervals — an early period §291992) and a late period (1993-2000); for
each period, she records whether there was araserdecrease or no change in what she calls
“any price controls” or “extensive price controlsi biopharmaceutical products. She labels
price controls as extensive if prices of “...aligls are regulated, rather than just a subsetof th
market, or if a country’s price regulation is idéietl by commentators as being particularly
rigorous.™*

G. ECONOMETRIC SPECIFICATIONS
One important feature of the clinicaltrials.govistgy is that while it has undoubtedly

experienced increasing coverage over time, we dé&maw what the time path of that coverage
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ratio is. Below we report on two different waysdgfaling with this measurement issue. Our
research to date is still in its preliminary stageg additional work remains to be done.

The first econometric specification we employ issthplog-linear model in which the
dependent variable is the log of GCT (“LGCT"), tbgarithm of the 2002-2005 cumulative
number of GCT sites. As regressors in our base specification, we include the log of gross
domestic product (“LGDP?”), the log of populationmillions (“LPOP”)), the log of cost per
patient (‘LCOSTPP?"), the log of the cumulative 198000 number of published RCT articles
with lead author in that country (“LRCT"), as wall the UNCTAD Human Capital Index
(“HCI”) and the Economist’s e-readiness measurd&REBDY™).

We then employ three alternative measures of clsingatellectual property protection
between 1990 and 2000. In our base case modahclugle as a regressor the 1990-2000
change in Park’s overall IPR index]PR = IPR2000 — IPR1990. In Model Il, we insteditize
the change in the pharmaceutical only compom&gRX = RX2000 — RX1990. Then in Model
Il we use the change in the slightly broader we2ghaverage of the pharmaceutical, chemical
and surgical tool and instrument coverage indexB$OMED = BIOMED2000 —
BIOMED1990.

Our second equation is a “change” rather than t\apecification, in which the
dependent variable is a country’s AAGR in the gladbare of GCT sites between 2002 and
2005. Recall that we employ the AAGR in growttsbére of GCT sites, since the
clinicaltrials.gov registry likely has achieved ieased coverage over time, so that simply
looking at AAGR in the absolute number of GCT sitesild confound changing shares with

changing coverage.
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As regressors in this AAGR equation, we include ISTEGP (cost per patient), log of
GDP per capita (LGDPPOP), LRCT (cumulative 1990200mber of RCT publications with
lead author in that country), as well as UNCTAD HumCapital Index (HCI) and the
Economist’'s measure of e-readiness (EREADY). Véa gxamine three alternative measures of
intellectual property protection in 2000 (the lgsar for which Park’s data are currently
available): IPR2000, RX2000 and BIOMED2000.

For both equations, estimation is by ordinary lsgsiares, with heteroskedasticity-robust
standard errors. The data sample is from th&@ogountries in number of cumulative 2002-
2005 sites; the lack of available data for fourrdaes reduces our cross-sectional sample to 46
cross-sectional observatiofrs.

V. EMPIRICAL FINDINGS

We now move on to preliminary empirical findingé/e first present descriptive ranking
data based on the absolute number of 2002-2005lativautrial sites for the top 50 countries,
then rankings based on density (2002-2005 cumelatiimber of trial sites per million
population), and finally in terms of average anrgralwth rates (“AAGRSs”) in share of GCT
sites between 2002 and 2005. We then report ecetncmesults regarding factors affecting the
absolute number of GCT sites, and AAGRs of shafrgiobal GCTs.
A. ABSOLUTE NUMBER OF CUMULATIVE TRIAL STES 2002-2005

The ranking of GCT sites by country is presentedldhle 1 for the top 50 countries. We
also display them color coded on a global map gufé 1, dividing the countries into
approximate quartiles as follows: (i) > 1000 siies 13), red; (ii) 400 — 999 sites (n = 13), pink;
(iif) 200 — 399 (n = 10), yellow; and (iv) < 200 £n14); all other countries are shaded gray.

Table 1 and Figure 1 Somewhere Near Here
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At 23,144 trial sites and a global share of 38.8%,U.S. has almost six times as many
sites as the second ranked country, Canada, wh®,9@2 trial sites and a global share of 6.6%;
close behind are Germany at 3,705 (6.2%) and Fnaithe3,451 (5.8%). The absolute number
of trial sites then falls sharply to about 2000KLJ).3.4%); of the remaining eight countries in
the top quartile, five are from Western and Nonth€urope, two are from the Pacific (Australia
and Japan), and one is from Eastern Europe (Poland)

The second tier of countries ranked in terms ofwative number of GCT sites is
geographically very diverse, and includes five oxadifrom Western and Northern Europe
(Denmark — ranked 17, Norway - 20, Austria - 23y&nd - 24 and Switzerland - 26), three from
Eastern Europe (Russia - 14, Czech Republic - i8Hamgary - 22), three from Latin America
(Brazil - 16, Argentina - 19 and Mexico - 21), amtk each from Africa (South Africa — 15) and
Asia (India — 25).

Each of the ten countries in the third tier hagodal share of GCTs less than 1%, and
between 200 and 399 cumulative GCT sites. Chnediding Hong Kong, is at the top, with
399 sites and a rank of 27. The remaining ninent@s and their rankings include three from
Eastern Europe (Romania — 32, Ukraine — 33, andgaia — 35), two from Southern Europe
(Greece — 29, Portugal — 34), two from Asia (Sdbhea — 28, Taiwan — 31), and one each
from the Middle East (Israel — 30) and Latin Amar{@uerto Rico — 36).

The bottom tier of countries are primarily smapepulation countries, with five being
from Eastern Europe (Slovakia, ranked 37, Turk@@-Croatia — 43, Estonia — 47 and Lithuania
—49), four from Asia (Thailand — 41, Philippined2, Malaysia — 44, and Singapore — 46),
three from Latin America (Chile — 38, Peru — 48] &vlombia — 50), and one each from

Western Europe (Ireland, 40) and the Pacific (Nealdnd — 45).
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B. RANKINGSBY GROWTH RATESIN SHARE OF GLOBAL CLINICAL TRIAL STES

There are various ways in which one can measurgltibalization of clinical trial sites.
While the absolute number of GCT sites providesparepective, another is by AAGRs in the
share each country has in the total number of ¢lsites; recall that because of increasing but
unknown comprehensiveness of the clinicaltrials.gebsite registry up through 2005, we
believe it is more useful to compute AAGRs of coyrshares between 2002 and 2005 rather
than growth in absolute number of sites. As ahotlgeck on whether there is a temporal
geographical variation in registry participatiom,Tiable 1 we have also presented shares for
2005 only, not just for the share of cumulativesibetween 2002 and 2005; as is seen there, for
the most part the shares are similar, althougheashall see in more detail below, for some
Western European countries the 2005 share exingsitdts of a declining trend, while for some
Asian countries the share is increasing.

The ranking of countries in terms of AAGRs of G€ifes is presented in Table 2, and is
depicted on a global color coded map in Figur&\& again divide the top 50 countries into
approximate quartiles. The thirteen countries l@AAGRSs in excess of 30% are in the top tier
(color coded red); another twelve are in the sed¢mmdvhere AAGRs range from 15 to 30%
(pink); thirteen countries have positive AAGRs bt at less than 15%, and are in the third tier
(yellow); the bottom thirteen countries have negahAAGRs (green); all other countries are
shaded gray.

Table 2 and Figure 2 Somewhere Near Here

A striking finding here is the negative relatioishetween rankings of 2002-2005

AAGRs and cumulative levels of GCTs: All thirteefithe fastest growing countries in terms of

share of GCTs are from the bottom eighteen rankedtdes in terms of 2002-2005 cumulative
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number of GCT sites, and of the thirteen countuigk negative AAGRs (the bottom quartile),
all but two are in the top half of the distributiohcumulative number GCT sites. Hence, high
growth rates countries are starting from small lgvend low and even negative growth rate
countries are starting from the top half of theeledistribution®®

At 96% and 82%, respectively, Peru and the Phitippexhibit the highest AAGRs.
Three countries have growth rates in excess of @8ombia, China and Bulgaria), Chile is
growing at 52% annually, Malaysia and India argltgly above 40%, and Croatia, Thailand,
Hungary, Romania and Ukraine round out the topwidn growth rates between 30-40%
annually.

In the second tier consisting of twelve countrgs,have AAGRs between 25-30%
(Mexico, Argentina, Czech Republic, Greece, Ruasi Slovakia), two between 20-25% (New
Zealand and Singapore), while four others are enlth+20% range (South Korea, Portugal,
Turkey and the Netherlands). Notably, Portugal hied\letherlands are the only Western
European countries in the top half of AAGR rankingsne are from North America, and instead
most are from Asia, Eastern Europe and Latin Anaeric

Twelve countries have positive AAGRs, but lessith&%. These third tier countries
include five with growth rates between 10-15% (TaiwPoland, Denmark, Finland and
Estonia), two with AAGRs around 8% (Puerto Rico &rdel), and two with growth rates
between 3-4% (Spain and Japan). Rounding outdtterb of this third tier are three countries
with positive AAGRs of less than 2% (France, th& land Brazil). .

In the bottom tier are thirteen countries haviegative AAGRs. Six have modest
negative growth rates less than -10%: Australl&9go), South Africa (-1.9%), Ireland (-4.1%),

Sweden (-5.1%), Belgium (-5.5%) and Canada (-9.98#) seven countries with the most
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negative AAGRs are from Europe/British Isles: Aias{-12.2%), Norway (-12.2%), Lithuania
(-15.4%), Switzerland (-17.7%), U.K. (-18.4%), Gamy (-21.6%) and ltaly (-26.2%).
C. POPULATION DENSTY TRIAL STESRANKINGS, 2002-2005

Since it is reasonable to assume that the populafia country affects the cumulative
number of GCT sites and the share growth rate,awedescribe variation across countries in
trial site density, which we measure as the 200@52umulative number of trial sites per
million population. We limit our set of countrigsthose top 50 in the absolute number of
cumulative trial sites between 2002 and 2005;ekidudes countries with very small
populations who might coincidentally have very highl site densities.

As is seen in Table 3, the density ranges by arfadtover 400 — from a high of 130.7 in
Norway and 126.9 in Denmark to a low of 0.4 in indind 0.3 in China (including Hong Kong).
In Figure 2, we color code countries’ density ifdar approximately quartile ranges: (i) > 60 (n
= 12), red; (ii) 30-59 (n = 12), pink; (iii) 10-2@ = 12), yellow; and (iv) < 10 (n = 14), green; al
other countries are shaded in gray.

Table 3 and Figure 3 Somewhere Near Here

Among the twelve countries with highest GCT denstght are in Northern Europe (of
which four are Scandinavian — Norway, Denmark, Sameahd Finland, and two — Estonia and
Czech Republic -- in Eastern Europe). Norway'ssitgrat 130.7 is about 67% higher than that
of the seventh ranked U.S. (78.3), while at thiatp Canada at 122.1 is about 56% greater than
that of the U.S. Australia (ranked eighth) andrRuRico (twelfth) are the only highest trial site
density countries that are not in Europe or Nornthefica.

The second highest group of twelve countries hasitlevalues in a much narrower

range, between 30 and 59. This second tier isilygaredominated by eight nations from the
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British Isles and Western Europe (France, Aus8witzerland, Germany, Spain, U.K., Ireland
and Italy), and three from Central and Eastern pei(@lungary, Bulgaria and Slovakia); only
Israel comes from another continent.

The set of twelve countries comprising the thiedt of trial site density measures
(between 10 and 29) includes six from Southernkamstern Europe (Greece, Poland, Croatia,
Portugal, Lithuania and Romania), two Pacific coest(New Zealand and Japan), two from
Asia (Singapore and Taiwan), one from Latin Ame(igegentina) and one from Africa (South
Africa).

Finally, the set of fourteen bottom tier countiiieserms of GCT sites per million
population includes seven from Asia (South Korealayisia, Thailand, Philippines, India and
China), five from Latin America (Chile, Mexico, Baig Peru and Colombia), two from Eastern
Europe (Russia, and Ukraine), and Turkey.

D. ECONOMETRIC FINDINGS

Parameter estimates of the log cumulative 2002-2@@S equation are given in Table 4,
with the three columns corresponding to alternatie@sures of intellectual property protection.
Other things equal, a country’s GDP is positiveiated to its number of GCT sites; the GDP
elasticity is about unity. On the other hand, ¢herno significant relationship between a
country’s number of GCT sites and its populatiasiding other factors fixed. A very strong
result we obtain is that the cumulative number G6ffGites in a country is negatively related to
the cost per patient; the estimates of the el&gtice quite robust, ranging from -0.75 to -0.81,
each with p-values less than 091.

We obtain mixed results in terms of the effecta ebuntry’s infrastructure on its

cumulative number of GCT sites. While the 1990@260mulative number of authored papers
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in MedLine dealing with RCTs is negative but statally insignificant, UNCTAD’s Human
Capital Index has a very large and statisticaliysicant impact on number of GCT sites; this
elasticity estimate is robust, only ranging betw2&¥ and 2.72. Although positive, the
estimated impact of the EREADY measure is not gedgiestimated, and only trends to
significance in Model .

Finally, in terms of impact of intellectual propggrotection on the cumulative number
of GCT sites, we see that in our base case spatiificinvolving changes in Park’s overall IPR
measure between 1990 and 2000, the impact is y®sitid small but not significant. When we
use a much narrower measure — whether there waange between 1990 and 2000 in coverage
of pharmaceutical products — we obtain a largeshliinsignificant estimate. However, when
our measure of patent protection coverage encorepasiroader biomedical domain — changes
between 1990 and 2000 in BIOMED (a weighted avecdg®verage of pharmaceuticals,
chemical products and surgical tools and instrus)emte obtain a positive and statistically
significant estimate of around 1.10. However dsults not shown, when 1990 or 2000 levels of
these intellectual property protection measuresrmtaded instead of the change measure, the
resulting parameter estimates are not statistisaiyificant.

These estimates are consistent with the view thdewsDP, costs per patient and human
capital capabilities have long affected the nundf&BCT sites by country, during the 1990s new
developments in intellectual property protectiosogblayed an important facilitating role,
attracting substantial clinical trial investmentsrh biopharmaceutical companies.

We next turn to the AAGR equation. If developmantstellectual property protection
and other factors brought about a major changedrgeographical siting of GCTs, then what we

observe in the 2002-2005 period may well not yptesent a new steady state equilibrium, but
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instead reflect catch-up behavior by emerging ecoes. As seen in Table 5, AAGRs by
country do not appear to be significantly affedbdyccost per patient, but GDP per capita has a
significant and negative effect. Interestingly,eni_GDP and LPOP are entered as separate
regressors (results not shown), the effect of L&Dkegative, while that of LPOP is positive;
the absolute magnitudes of these effects are wailas, rationalizing use of the LGDPPOP (log
GDP per capita) specification. Countries with &rgopulations, other things equal, are
attracting clinical trial investments by biopharreatical companies, even though they have
relatively low GDP.

In terms of infrastructure capabilities, we finétlauthored RCT articles in MedLine
journals have a very small, albeit statisticallyngiicant impact on a country’s AAGR in GCT
share, a finding whose interpretation is unclé&hile both a country’s human capital index and
its e-readiness have estimated positive effeatsetiestimates are generally insignificant.

Finally, in terms of intellectual property protewti in contrast to findings in Table 4
where changes but not levels of intellectual priyperotection affected the cumulative 2002-
2005 number of GCT sites by country, here we firat tertain 2000 levels of intellectual
property protection impact a country’s AAGR in ghaf GCTs. Specifically, in our base case
estimates, we find that Park’s overall IPR2000 meabas a small, positive but statistically
insignificant impact on a country’'s AAGR. Howeveihen the measure of intellectual property
protection is refined to only whether there is patoverage of pharmaceutical products in 2000
(Model Il'in Table 5), the estimated impact incesmsonsiderably, and becomes statistically
significant. This impact of intellectual propepyotection in 2000 becomes even larger when
the domain is broadened to include not just phaeuézals, but also chemicals and surgical

tools and instruments (Model 111).
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VI. SUMMARY AND CONCLUSIONS
In this paper we have reported early stage findirgs a long-term research program

that seeks to understand factors affecting theeasing globalization of clinical trials for new
medicines, particularly into emerging economiéihis research is but a small part of a very
large literature that deals with the effects oélieictual property protection on innovation, and
that has historically been challenged by diffi@dtin measuring both intellectual property
protection and innovation. Our relatively narravedis — assessing impacts of several alternative
measures of intellectual property protection oomantry’s level and AAGR of global share of
clinical trial sites -- has the advantage of fongson a specific type of investment. In particular
since by their nature multi-country global clini¢aals have very similar protocols and design,
they are relatively homogenous, and using themmsasure of R&D investment avoids
ambiguities of other types of R&D that are custadizo be market and country-specific. In
addition, this narrow focus allows us to examindetail the links between patent protection and
a particular form of D — not just overall R&D.

Although the globalization of clinical trials memerging economies has received
considerable attention and is at the center ofraéeentroversies involving issues of
outsourcing, ethics and nation building, surprigmigtle attention has been devoted to
qguantifying its dimensions and modeling its vada. This paper begins to address these gaps.
A major challenge we face is that data on the nurabglobal clinical trial (GCT) sites reflects
both increasing clinical trial activity globally damprovements in the ratio of trials registered at
clinicaltrials.gov, the latter spurred by FDA requments and especially by the major medical

journals who announced in 2004 mandated trial tegat time of trial inception. Thus the
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2002-2005 data reflect in unknown proportions botiheased global activity, and enhanced
coverage of that activity.

Given this ambiguity, we have examined the GCT ¢tata two complementary
perspectives: the 2002-2005 cumulative number®T Gites in the top 50 countries, and 2002-
2005 AAGRs in a country'share of GCT sites registered at clinicaltrials.gov. Rdtugh the US,
Western Europe and Canada still dominate in tefnosmulative numbers of GCT sites, in
general there has been rapid growth in GCT numdretisshares in Eastern Europe, Latin
America, and Asia, at the expense of Western EuaopeCanada; the US share is relatively
stable.

Our preliminary results from modeling this globalibn process reveals that the
elasticity of cumulative GCT sites with respectaDP is about one, while the elasticity with
respect to cost per patient is about -0.8, anathgortant factor having a positive impact is the
country’s human capital index (constructed by UN@TAas a weighted average of national
literacy rate, secondary school enrolment rate tartthry education rate). While the 1990-2000
change in Parks’ overall measure of intellectuapprty protection has a positive but
insignificant impact on cumulative GCT sites, agslds 1990-2000 change in pharmaceutical
product coverage detailed component, a slightlateoABIOMED measure (encompassing
1990-2000 changes in patent coverage of pharmaeaéuthemical and surgical tool and
instrument products) has a substantial and statliBtisignificant positive impact. We interpret
these findings as reflecting the beginning of asiton period as biopharmaceutical firms and
countries adapt in response to changing intellégiugoerty regimes and clinical trial

economics.
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With respect to results from modeling cross-coumaiyations in 2002-2005 AAGRs in
shares of GCT sites, our results are largely ctargisvith emerging economies catching up with
slower growing countries traditionally involveddtinical medicine. In particularly, the AAGRs
are negatively related to GDP per capita, andeatimulative number of first authors of articles
reporting results from randomized clinical trid®gTs) in major MedLine journals. Regarding
intellectual property protection, while the 2000deof Park’s overall IPR index has a small
positive but insignificant impact on a country’s &R, the 2000 level of the pharmaceutical
product coverage has a considerably larger andfisigmt effect, and this effect becomes even
larger when the broader BIOMED coverage measuwiélized.

This study has a number of limitations, some ofcktwe plan to address in subsequent
research. Since the major medical journal manmategister trials at clinicaltrials.gov became
fully effective in September 2005, use of 2006 ddtauld increase confidence in our
preliminary findings. Viewing globalization of GGTas a diffusion process suggests that it
would be useful to try and model ceiling or sataraeffects, which could be envisaged as being
country-specific, depending on characteristici®health care system and economic geography.
Our measure of clinical trial activity is the numloé trial sites; while data on number of patients
in the trial would be useful, such data are noilalke at clinicaltrials.gov, but may be at other
data sources such as PharmaProjects. In futueandswe plan to examine number of patient
issues, as well as variations by clinical phaselgntherapeutic area. Finally, from both the
existing literature and conversations with induségulatory and clinical personnel, we
understand that a critical consideration in chogsirtlinical trial site is not only its investigato
quality and its cost per patient, but also the dpeieh which patients can be recruited and the

trial be completed. We are currently investigatine availability of such data.
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Table 1: 2002-2005 Cumulative Number of Global Clinical Trial Sites, by Country

Rank Country Cumulativg Shares (%) Number of Sites Shares (%)
Number of Sites | Cumulative 2005 Only 2005 Only

23144 38.9% 7905 39.40%
3902 6.6% 1305 6.5%
3705 6.2% 1118 5.6%
3451 5.8% 1155 5.8%
2011 3.4% 569 2.8%
1894 3.2% 467 2.3%
1851 3.1% 604 3.0%
1346 2.3% 482 2.4%
1302 2.2% 515 2.6%
1099 1.8% 293 1.5%
1075 1.8% 393 2%
1048 1.8% 321 1.6%
1003 1.7% 360 1.8%
844 1.4% 248 1.2%
729 1.2% 254 1.3%
722 1.2% 192 1.0%
687 1.2% 207 1.0%
634 1.1% 240 1.2%
624 1.0% 218 1.1%
601 1.0% 180 0.9%
585 1.0% 253 1.3%
564 0.9% 222 1.1%
465 0.8% 132 0.7%
463 0.8% 186 0.9%
420 0.7% 211 1.1%
405 0.7% 124 0.6%
China (w/ H. K.) 399 0.7% 177 0.9%
28 South Korea 322 0.5% 154 0.8%
29 Greece 316 0.5% 120 0.6%
30 Israel 317 0.5% 99 0.5%
31 Taiwan 290 0.5% 121 0.6%
32 Romania 281 0.5% 122 0.6%
33 Ukraine 270 0.5% 81 0.4%
34 Portugal 251 0.4% 84 0.4%
35 Bulgaria 247 0.4% 88 0.4%
36 Puerto Rico 237 0.4% 73 0.4%
37 Slovakia 164 0.3% 78 0.4%
38 Chile 141 0.2% 51 0.3%
39 Turkey 140 0.2% 33 0.2%
40 Ireland 137 0.2% 41 0.2%
41 Thailand 127 0.2% 42 0.2%
42 Philippines 126 0.2% 83 0.4%
43 Croatia 113 0.2% 54 0.3%
44 Malaysia 113 0.2% 44 0.2%
45 New Zealand 110 0.2% 37 0.2%
46 Singapore 90 0.2% 27 0.1%
47 Estonia 87 0.1% 34 0.2%
48 Peru 86 0.1% 37 0.2%
49 Lithuania 76 0.1% 20 0.1%
50 Colombia 70 0.1% 33 0.2%
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Table 2: 2002-2005 Average Annual Growth Rates in Share of GCT Sites

Rank

Olo(N|O|O|D|W[N|F-

Country

2002-2005
AAGRn
Shares (%)
96.2%
81.8%
65.7%
62.0%
60.2%
52.2%
40.7%
40.5%
39.1%
36.9%
36.1%
32.5%
31.2%
29.3%
28.4%
26.8%
26.7%
25.4%
25.4%
24.6%
21.3%
18.3%
18.2%
16.0%
15.0%

Taiwan 13.6%
27 Poland 13.3%
28 Denmark 12.5%
29 Finland 11.3%
30 Estonia 10.6%
31 Puerto Rico 8.9%
32 Israel 8.2%
33 Japan 4.0%
34 Spain 3.0%
35 France 1.8%
36 U.S. 1.6%
37 Brazil 1.3%
38 Australia -0.9%
39 South Africa -1.9%
40 Ireland -4.1%
41 Sweden -5.1%
42 Belgium -5.5%
43 Canada -9.9%
44 Norway -12.2%
45 Austria -12.2%
46 Lithuania -15.4%
47 Switzerland -17.7%
48 UK -18.4%
49 Germany -21.6%
50 Italy -26.2%
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Table 3: GCT Site Density (Cumulative Number of Sites Per Million Population)

Trial Site Density Rank Country Trial Site Density
1 130.7
2 126.9
3 122.1
4 116.3
5 105.7
6 88.4
7 78.3
8 67.5
9 66.3
10 65.2
11 62.0
12 60.8
13 57.3
14 56.9
15 55.9
16 55.7
17 48.0
18 44.8
19 43.4
20 33.8
21 33.6
22 32.6
23 31.7
24 30.4
25 Greece 28.5
26 New Zealand 27.6
27 Poland 26.0
28 Croatia 249
29 Portugal 24.0
30 Lithuania 22.1
31 Singapore 211
32 Argentina 16.3
33 South Africa 15.4
34 Romania 12.9
35 Taiwan 12.8
36 Japan 10.2
37 Chile 8.7
38 South Korea 6.8
39 Russia 5.9
40 Ukraine 57
41 Mexico 5.5
42 Malaysia 4.5
43 Brazil 3.9
44 Peru 3.1
45 Thailand 2.0
46 Turkey 1.9
47 Colombia 1.6
48 Philippines 15
49 India 0.4
50 China (w/ H. K.) 0.3
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Table 4: Log Cumulative 2002-2005 GCT Sites Equation (Heteroskedasticity-consistent
Standard Errors in Parentheses)

Explanatory Base
Variable Model Model Il Model IlI
LGDP 1.176** 1.163** 0.875***
(0.485) (0.465) (0.465)
LPOP -0.298 -0.257 -0.051
(0.472) (0.452) (0.421)
LCOSTPP -0.750* -0.811* -0.766*
(0.261) (0.259) (0.229)
LRCT -0.118 -0.141 -0.031
(0.125) (0.131) (0.144)
HCI 2.716* 2.674* 2.668*
(0.787) (0.780) (0.736)
EREADY 0.027 0.031 0.031***
(0.020) (0.021) (0.018)
AIPR 0.072
(0.307)
ARX 0.359
(0.243)
ABIOMED 1.100**
(0.543)
Constant -16.747* -16.986* -14.010*
(4.710) (4.610) (4.749)
R-squared 0.816 0.820 0.845
No. Observations 46 46 46

at p-values of <0.01, 0.05 and 0.10, respectively.

Note: Statistically significant estimates in boldface. *. **, and *** denote statistical significance
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Table 5

Parameter Estimates in AAGR Equation
(Heteroskedasticity-robust Standard Errors in Parentheses)

Explanatory Base Case Model lI Model 111
Variable
LCOSTPP 0.016 -0.052 -0.073
(0.111) (0.108) (0.105)
LGDPPOP -0.370** -0.357* -0.397*
(0.157) (0.116) (0.119)
LRCT -0.041** -0.072* -0.060*
(0.018) (0.026) ((0.019)
HCI 0.090 0.318 0.314
(0.291) (0.283) (0.273)
EREADY 0.006 0.006 0.007***
(0.004) (.004) (0.004)
IPR2000 0.013
(0.081)
RX2000 0.235**
(0.107)
BIOMED2000 0.358**
(0.147)
CONSTANT 3.429* 3.233* 3.401*
(1.132) (0.827) (0.842)
R-squared 0.583 0.659 0.677
No. Observations 46 46 46

Note: Statistically significant estimates in boldface. *, **, and *** denote statistical significance
at p-values < 0.01, 0.05 and 0.10, respectively.




IPR and the Globalization of Clinical Trials Page 44 -

Figure 1: Cumulative Number of Global Clinical Trial Sites, by Country
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Figure 2: 2002-2005 Average Annual Growth Rate in Share of Global Clinical Trial
Sites, by Country
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Figure 3: Density of Cumulative Number of Global Clinical Sites Per Million
Population
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FOOTNOTES

! For historical perspectives, see Lerner [2002ani] Scherer [2005].

2 See, for example, Acemoglu, Johnson and Robir@0®1], Gerschenkron [1962], Griliches [1984] angddl
[1982].

® The literature on this is extensive, and encomgmsarious levels of aggregation. For recent disioms and
references, see Bottazzi and Peri [2003], Bramstdtitsman and Foley [2006], Chen and Puttitanud0%$2, Eaton
and Kortum [1996, 1999], Evenson [1990], Jaffe &rajtenberg [2002], Javorcik [2004], Keller [2004ke and
Mansfield [1996], Nelson and Phelps [1966], and Mio@an [2001].

* Jaffe and Lerner [2004], p. 76.

® DiMasi, Hansen and Grabowski [2003, p. 166] refimat based on their survey of biopharmaceutical
expenditures, the ratio of preclinical to total R&eraged about 30%.

® Thiers, Berndt and Sinskey [2006].

" There is, however, considerable variability acrirssys and therapeutic classes. This figure isooked from
Berndt, Gottschalk and Strobeck [2005], which imtis constructed in part from data cited by Mathi#. P., ed.
(2003/2004), ‘Development Pipeline Attrition’ anéittrition Rates (Probability of Success) Used byG8mpanies
for Planning Purposes in 1998, PAREXEL 2002/200armaceutical R&D Statistical Sourcebook, WalthMA,
p. 184, based on studies at the Tufts Center fo6thdy of Drug Development, Hambrecht & Quistreatis.

® See Rehnquist [2001] and Milne [2003].

° See Owen-Smith et al. [2002], and Stern and Loff806].

19 For discussions of the medicinal regulatory apatgvocess at the EMEA, in the UK, and Japan, se®. U
Government Accounting Office [1996] and Vilas-Baasl Tharp [1997].

1 See, for example, Berndt, Bui, Reiley and Urb&9B, 1997] and the references cited therein.

12 Azoulay [2004].

13 See McCray [2000], and U.S. Food and Drug Admiatiin [2002,2005].

14 |CMJE [2004].

15 Data on the response of various types of cliribastigators to the September 13, 2005 registrateadline are
provided in Zarin, Tse and Ide [2006]. A numbenptier trial registries exist or are in the devehemnt process,
and vary in terms of details provided regardingttie protocol and results; to the best of ouriezige, these
other registries do not provide detailed informatim trial site location. See, for example, Ca&Match Clinical
Trials Listing ServicE" , accessible online &ttp:/www.centerwatch.com/letter031105.htalst accessed 21 May
2006; the World Health Organization’s Internatio@éihical Trials Registry Platform, accessible omrliat
http://www.who.int/ictrp/data_set/en/indexl.htralst accessed 20 May 2006; and the American Méedic
Informatics Association’s Global Trial Bank, acdets online athttp://www.amia.org/gtb/ A number of registries
exist for specific medical conditions, such as dogp and multiple sclerosis.

16 See, for example, Rockhold and Krall [2006], Sinale[2006] and Vince [2006].

17 See, for example, Andersen, Kragstrup and Sondetda006], Corrigan and Glass [2005], and Glass
[2004,2005]. Classic studies of factors affectimg diffusion of medical innovations are by Colemiéatz and
Menzel [1966] and Rogers [2003].

18 The framework in this section is very similar bat in United Nations Conference on Trade and lpraknt
[2005, chapter V], which describes how the trarisnat investment and the internationalization of[R&epends
on pull factors (market size), push factors (sitilbrtage and rising costs in industrialized coesjtipolicy factors
(IPR, tertiary education, market orientation) andkding factors (PC and internet access, internatio
harmonization).

¥ These data can be accessed from the Clinicalj@alsvebsite, which provides data element definiio
Available online ahttp://prsinfo.clinicaltrials.gov/definitions.htillast accessed June 6, 2006.

20\We are grateful to Professor Park for making dita available to us; he can be reached at <wgp@amedu>
% The PIRACY index can be accessed online at wwwobgéylobalstudy.

22 Kahn [2003], p. 1.

2 \We are grateful to Mr. Ed Seguine, Chief Execu@féicer of Fast-Track Systems Inc., for makingsthi
proprietary data available to us.

“4In two cases, India and China, we constructedstimate of cost per patient.

% World Health Statistics 2006, World Health Orgatian. Data range from 1997 to 2004. Availablérenat
http://www.who.int/whosis/whostat2006.pdf
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% From OECD Health Data 2006. Data from 2003-2084ailable online at

www.irdes.fr/ecosante/ OCDE/240020.html.

%" There are some differences in the compositioh®f003 and 2006 connectivity indexes, particulamyplving
broadband and WiFi. For discussion, see the methgy and category score appendices in Econontisliifence
Unit [2003,2006].

2 Data from the World Development Indicators DatahdsJuly 2006 and April 2004.

% Data from World Health Statistics 2006, World HeaDrganization. Available on-line at:
http://www.who.int/whosis/whostat2006.pdf

%0 Data from World Health Statistics 2006, World HeaDrganization. Available on-line at:
http://www.who.int/whosis/whostat2006.pdf

31 Data from World Health Statistics 2006, World HeaDrganization. Available on-line at:
http://www.who.int/whosis/whostat2006.pdf

32 For further discussion, see Gwartney, Lawson dodkg1995]. More recent information is in Gwarynend
Lawson [2005], available online at http://www.catgy/pubs/efw/index.html. .....

3 Johnson and Shochy [1995]. More recent infornmaiscavailable from the Heriate Foundation website.

34 Lanjouw [2005], p. 10. For related discussiongtaneffects of parallel trade on pharmaceuticaimy, see
Ganslandt and Maskus [2004] and Kyle [2006].

% Currently we are missing some data from four coesit China (with Hong Kong), Croatia, Estonia &herto
Rico.

% The simple correlation between the logarithm ef 2002-2005 cumulative number of GCT sites perionill
population and the 2002-2005 AAGR in share of GBT9.635.

37 Since our measure of costs per patient is an gearaer all therapeutic areas and trial phasestrardfore
reflects possible heterogeneity among countriéis icomposition, we examined an alternative spedifon in
which countries were placed into one of three aaieg: costs per patient less than $3000, costpgiemt between
$3000 and $4999, and costs per patient of $50@@eater. The resulting estimates revealed comsifitelings in
that countries in the medium cost category hadeatgr number of cumulative GCT sites than thoskéarhighest
cost category, while those in the least cost gtaghan even larger positive effect; these paranestanates were
positive and statistically significant.




