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Abstract

This paper andysesadetailed dataset on drugsin human clinicd trialsaround the world between 1989 and
2002. The data provides information on the probakilities with which drugs successfully complete the
different phases of the trids and the durations of successful completions. The paper shows that success
rates and durations can vary substantialy across observable characterigtics of the drugs, including primary
indication, originating company, route of adminigtration and chemidtry. It suggeststhat andysis of thistype
of data can help us to answer questions such as. Do AIDS drugs get to market faster? Do Biotech drugs
have higher probabilities of getting to market? This paper provides some generd datigicsfor andyzing these
guestions.
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|. Introduction

The dynamics of drug development is one of the defining characterigtics of the pharmaceutica industry.

Despite itsimportance to the indugtry, thereislittle information on how long it takesfor particular drugsto
go through human clinicd triasand the probabilities of successful completion. Recently, anumber of authors
have started making use of historical data on the development of drugs through human clinicd tridsin the
US and esewhere in the world (for example, Abrantes-Metz, 2003, Kyle, 2002, Danzon et a, 2003).

These authors are using this data examine determine the relationship between drug characterigtics and

successful durations, market entry, and the use of licenang arrangements, respectively. This type of

hisorica data has the potentid to provide industry andysts with a much dearer picture of late stage
pharmaceutica development and new drug entry. The current paper presents some summary statisticson
duration and frequencies of successful completion of the human dinicd trids. While this andysis is not
sophisticated or detailed enough to provide answersto many of the questions researchers and practitioners
are interested in, it does provided readers with some stylized facts to guide future work.

The paper andyzesasample of drugsthat have entered human clinicdl triassomewhereintheworld
between 1989 and 2002. The data provides information on entry and exit dates from the three different
gagesof the human dinica tridsfor thefirg indication thet the drug was being devel oped (post-1989). The
data also provides information on drug characteristics such as primary indication, chemica compaosition,
route of adminigtration and originating company. The andyss provides frequencies with which drugs with
different characterigtics successfully complete the different sages of thehuman clinicd trids. For example,
drugs that have been originaly developed by one of the 10 largest drug companies have a higher than
average probability of getting to market. The andyss dso provides mean durations for drugs that
successfully complete the different stages of the human clinica trids. For example, AIDS drugs are in
human clinicd tridsfor an average of 5 years, which is 3 years shorter than the average drug in the sample.
In generd, the results presented should not be interpreted as causal effects of drug characteristics on
success rates or successful durations. Rather these results should be interpreted as central tendencies or

amply as datistica observations of the drug development process.



Andysis of drug development and new drug entry must address four mgjor questions. First, do
“important” new drugs get through the regulatory process quicker than other drugs? In the US, the FDA
offers a number of programs aimed to encourage development of important life-saving drugs, including
prioritizing drugs at regigtration and offering fast tracks through human clinica trids and registration for
specified drugs (particularly AIDS drugs). According tothe FDA, priority drugsthat successfully complete
the review process have significantly shorter durations than standard drugs (FDA, 2003). Dranove and
Metzler (1994) andyzethe FDA'srolein drug devel opment durations by analyzing successful duration from
discovery to market for USdrugs. Theauthorsfind that economic indicators seem to be moreimportant in
determining durationsthan“ scientific” indicators. This paper and Abrantes-M etz (2003) use more detailed
data on the durations and failure rates for drugs in human clinica trids. This paper andyses successtul
durationsthrough human dinicd tridsand the governmenta review process by primary indication and finds
ggnificant differencesacrossdifferent indications. In particular, AIDS drugsand cancer drugstend to have
shorter successful durations. Note that these results should be interpreted with care, asthe drugs andyzed
are going through different regulatory environments throughout the world.> Note also that we have not
controlled for the actions of the drug companies and their ability to determine successrates and durations.

Second, are there economies of scale or scope in drug development? Graves and Langowitz
(1993) find a positive relationship between R& D expenditures and the number of new chemical entities
produced. In their andyss of ten large pharmaceutica firms, Henderson and Cockburn (1996) find a
samilar relationship betweenthe number of new drug patents and devel opment output. Danzon et d. (2003)
find that success rates are increasing with the overal number of drugs the firmhasin development and the
number of drugsin therdlevant therapeutic area? Asstated above, the results presented below suggest that
drugs discovered by larger companies have ahigher probability of getting to market. However, theresults
also show substantial heterogeneity in the success rates for some of the largest firms. This heterogeneity
suggests that firms may have different strategies for investing in drug development.> While there may be

! See Kyle (2002) for adiscussion of the differences across countries.

Danzon et a (2003) discuss the influence that alliances and licenseshave on drug devel opment success rates.
® It isinteresting to consider the similarities between expenditure on new drugs and the expenditure on motion
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advantagesfor larger firmsin bringing drugsfrom discovery to market, it isnot obviousthat such advantages
would be observable. For example, a larger firm may choose a Strategy of investing in high risk
“blockbuster” drugs. Such afirm may be observed to have alow probability of getting drugsto market, yet
may be avery successful company.

Third, what effect doesthe drug's expected market return have on the probability of successandthe
time to market? Dranove and Metzler (1994) find that drugs with higher US and World sdes have shorter
durations to market. Kyle (2003) compares drug entry across countries and indicationsand findsthat the
probability of market entry is postively related to market Sze. DiMas (2001) reports the results of a
survey of drug companiesthat sponsored drugsthrough humandinicd trids. The survey foundthat for over
30% of the drugs, whose development was discontinued between 1981 and 1992, the sponsors cited
“economic reasons” as the explanation for why devel opment was discontinued. These resultssuggest that
expected market return is an important determinant of success probabilities and duraions. The results
presented below show that the probability of entry tends to increase with market size, except for drugs
degtined for very large markets. Itisnot clear how to interpret such results. Oneissueisthat companiesdo
not randomly choose which drugs to develop, and smplerisk/return analysis suggeststhat companies may
try to develop drug with lower probability of getting to market if those drugs are expected to have ahigher
return. Infact, Danzon et d (2003) find that drugswith ahigher expected return have alower probability of
getting to market and argue that thisresult iscongstent with equilibrium behavior. Theanaysispresentedin
this paper is not detailed enough to account for such endogeniety issues. The results dso show that drugs
destined for larger markets tend to spend longer in development. This result seems as odds with our
expectation; however it isagain not obvious how such resuts should beinterpreted given that durationsare
heavily influenced by the drug companies.

Fourth, how do the drug's characteristics affect success frequencies and durations? Dranove and
Metzler (1994) have some information on how some characterigtics affect durations. However,
the datais not detailed enough to determine how characteristics affect particular phases of thehuman clinica
trids. The anayss presented in DiMas (2001) is smilar to this paper, however it is done on drugs in

pictures (Goettler, 2002).



development prior to 1995. A recent change in the industry has been the introduction of biotechnology
drugs into human dinicd trids. The results show that biotech drugs tend to have higher probabilities of
getting to market athough their average durations are smilar to the average durations over dl drugs. The
results also suggest sgnificant differences between drugs with different routes of administration (ROA).
Ora drugs seem to be quicker to market but with alower probability of successful completion of human
dinicd trids. Thisresultis congstent with an equilibrium story that oral drugs have higher expected returns,
however these results are not based on a structura estimation so should be interpreted with care. For
example, it may smply be the casethat it is easier to conduct tridls on oral drugs.

The paper proceeds asfollows. Section |l presents a brief description of the drug development
process. Section |11 describesthe dataused in the analys's, and provides definitions of the variables used.

Section IV presents and discusses the results. Section V concludes.

II. Human Clinical Trials
The process of drug discovery to market can be decomposed into Six distinct periods. Thefirst periodis
commonly known as Preclinica. In generd, after preclinicad analysis, acompany wishingtolaunch adrug
on the US market, for example, files an Investigatory New Drug (IND) application with the FDA. If
accepted, the drug goesinto human dlinicd trids, which hasthree basic phases, called Phase 1, Phase2 and
Phase 3 (the second, third and fourth periods, respectively). AnIND may befilled for one or more phases.
Generaly, the phases are completed sequentidly and after the Phase 3 trids have been completed, a
company wishing to launch adrug on the US market will file aNew Drug Application (NDA) with FDA
and move into the fifth period. A drug that passes FDA review successfully is registered in the “Orange
Book”. Once registered, the drug movesinto the sixth period and the company can launch thedrug onto
the US market. A similar process occurs in other countries.

In predinicd trids, the pharmaceutica company uses genetic analys's, pharmacologca toolsand
“anima modds’ to test for the safety and the effectiveness of the drug for particular disease indications.
Unfortunately, because the data set analyzed below isbasaed on information that is voluntarily given to the



public by the drug's sponsor, the information on preclinica tridsisnot very accurate. Notethat according
to the FDA, only 1in 1,000 drugs passthe preclinica stage and are proposed for testing in humans (FDA,
2002). However, dmost hdf the R&D expenditures occur in the preclinica stage of development (Levy,
1999)

Thefirg phase of the human tridsis called Phase 1. Phase 1 tridlsare generdly carried out ona
hedlthy volunteer populationof between 20 and 80. Accordingtothe FDA, “ These studiesare designedto
determine the metabolic and pharmacol ogica actions of the drug in humans, the S de effectsassociated with
increesing doses, and, if possble, to gain early evidence on effectiveness’ (FDA, 2003). Phase 2 trids
involve severd hundred patients with the disease condition, and are designed to give an early indication of
the drugs effectiveness. Phase 3 trids are larger with patient numbers between severa hundred and afew
thousand, and are designed to give information on the balance between safety and effectiveness (Levy,
1999).

[11. Data

Pharmaprojects containsinformation on 27,987 new branded drug entitiesthat have reached the late tage
development from 1980 to 2002. For the purposes of this study, we limited the sample sizetothe 3,328
drugsthat have entered either Phasel, or Phasell, or Phaselll of thehuman dinicd trids somewhereinthe
world for thefirst time since 1989.> Note that information on every stage of development is available for
only a limited number of drugs. The data is based on information that is voluntarily provided by the
pharmaceutical companies in the form of press releases and academic conferences. Table (1) inthe
appendix presentsinformation on the number of drugsfor which we haveinformation on the different phases
of development. Note that of the drugs for which the data

provides information on Phase 3, just less than haf have no information on the previous phases. It isthus
necessary to be careful about interpreting results for drugs in Phase 1 and Phase 2 as there may be

* See Kyle (2003) for discussion of the differences between the drug devel oprrent processin different countries.
®Note that these trials may or may not be taken place in the U.S. under direct FDA supervision.
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substantial sdlf-sdection bias in the sample.®  Although not reported, the good news is that most of the
censoring of earlier phases occurs in the earlier years of the study (prior to 1994) suggesting thet the
censoring is not necessarily related to the expected success of the drug, but related to the standard |eft
censoring problem in duration data.”

The length of timein each phaseis determined by the time between the entry date of the particular
phase and the entry date of the next phase. However, for Phase 3, the entry date of the next phaseisthe
date on which the drug was launched somewhere in the world (for the first time). 1t should be noted that
this phase explicitly includes time spent in government review after the Phase 3 clinicdl trids have ended.
The measure of “success’ is the probability of completing each phase of devel opment, where successful
completion of Phase 1isdefined asentry into Phase 2, smilarly for Phase 2. For successful completion of
Phase 3, we assume entry on to the US market.?

A number of measures are used to provide some information related to the topics discussed in the
introduction. Inrelation to thedrug’ simportance, themgor measureisthe drugsindication. Theindication
of thedrugisgenerdly its* primary indication”, which is defined as the indication for which thedrug isfurther
adonginitsdevelopment. Most drugs are taken through human clinica triasfor oneindication prior tobeng
tested for other indications. However, it should be noted that inthe U.S,, for example, doctors arefreeto
prescribe approved drugs for any indication. Given this, it may not dways be the case that the drug is
intended for its “primary indication”.

The measure of company size is “Big Phamd’. A drug is categorized as elther being origindly
developed by a big pharma firm or a non-big pharma firm. The drug's firm is a big pharma firm if the

®We may therefore expect to see that the drugs in the sample have a higher probability of getting to market than the
average drug which enters the particul ar phase.

" 1n general datafrom any particular time interval is going to have a“left” censoring and “right” censoring problem.
L eft censoring refersto the fact that some durations began prior to the beginning of the sample period. Similarly,
right censoring refers to durations that end after the end of the sample period. In thiscasetheinterval isalot larger
than the average duration for each phase, meaning that the censoring shouldn’t be too large of aconcern for the
phase duration statistics.

® We are assuming that the objective of every drug is to be launched on the US market, which may be overstating
things and thus we are including drugs that have no intention of going to the US market thus biasing the
probabilities downwards.



company’s world revenue for 2001 was one of the top ten in the pharmaceutical industry. One concern
with using a measure of revenue is that it is endogenoudy determined, with successful drugs getting to
market and cresting revenuefor thefirm.? Inthe resultswe aso report success probabilities and successful
duraions by individua company for the 8 companies with the largest number of drugsin the database. In
the life of a drug from discovery to market, there are many companiesthat areinvolved inits development,
human dinicd tridsand marketing. Intheresults presented bel ow the only company discussedisthedrug's
“originator”. Thisisthe company, according to Pharmaprojects, that discovered thedrug. However, it may
not be the company that sponsors the drug through the human clinical trids or takes the drug on to the
market.® One advantage of using the drug's originator isthat to some extent it is exogenous to the likdy
success of thedrug in human dinica trids, particularly asonly 1in 1000 drugs ever makesit fromdiscovery
tohumandinicd trids. A disadvantageisthat the originator, particularly asmal company, islikely to license
the drug to alarge company in order for thelarger company to take the drug through thetrid sand on to the
market. Wetherefore may be underestimating the advantage to adrug of being sponsored by alargefirm.
The measure of market size is the current world revenue for te drug's therapeutic class and
pharmacologica description. For example, the market size for the arthritis drug, Celebrex, is equd to the
world revenuefor arthritis drugs based on the Cox-2 inhibitor. The market Szeisthen categorized into five
discrete groups. Thisisavery crude measure of expected return, particularly asit does not account for the
number of drugsin the market.** Unfortunately, we don't have more direct measures of market size, such
as the actua revenue earned by the drug. We aso don't have any information on the cost of drug
development.”> However, one advantage of this messureisthat it provides some indication of the market

gzefor drugs that have not yet reached the market.

° Thanks to an anonymous reviewer for pointing this out.
1% See Danzon et. a (2003) for adiscussion of how licensing arrangements are related to success rates.

" Kyle (2002) findsthat it isimportant to account for the number of drugs in the market when looking at market entry
probabilities.** For discussion of drug development costs please see DiMasi et. al. (2003).

2 For discussion of drug development costs see DiMasi et. al. (2003).
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Findly, the data provides a number of other measures of drug characterigtics including the drug's
route of administration and the drug’ sorigind materid. Thedrug srouteof administration iscategorized by
anumber of degrees of specificity. For example, apill iscategorized as“dimentary”, andthen “ord”. We
report results as specificaly as possible while having enough drugs in the category for sensble Satidtics.
The drug's origind materid is amilarly categorized, s0 a particular biotech drug may be categorized as
“biologicd”, and then “recombinant protein”. We report the Satistics at the highest category level.

Table (2) representsthe number of drugsin each phase of devel opment according to their company
dze, materid, route of administration and market sze. Since 1989, first timeentry drugs number 1,796 for
Phase |, 1,879 for Phase Il, and 1,025 for Phase Ill. Of the 398 drugs that have been launched
worldwide, only 217 of them have been launched into the US market. 1,465 of the 3,328 drugsin the
sample have been withdrawn or discontinued from development.

V. Results
i) Doimportant drugs get to market faster?
In the US, the FDA has indituted policies that give pharmaceutica companies the opportunity to get
“important” drugs to market. These paliciesinclude faster review of “priority” drugs and fagt-tracking of
human dlinicd trids for certain drugs. Priority drugs are defined by the FDA at the time of regigtration
(generdly after the completion of the Phase 3 clinicd trids). The FDA aso offersthe opportunity for some
drugs to shorten their timein human dlinicd tridsand in thisway, “fast-tracking” drugsto market. Timein
development is calculated by adding together the average duration that drugsin the sample spend in each
stage of development. On average, it takes just under 8 years for a drug to go from Phase | of human
clinicd tridsto market launchinthe US. Thesamefiguresfor Phasell and Phaselll drugsare6.1 and 3.7
years respectively. More specifically, an average drug spends 1.7 yearsin Phase |, 2.4 yearsin Phasell,
and 3.7 yearsin Phase |11 before launch.

Graph 1 presents a graph showing the estimated duration for the drugs in the data st by their
primary indication. Whileit takesjust 5.5 yearson averagefor HIV/AIDS drugsto get from Phasel to the
market, it takes drugsfor Parkinson’ sdisease dmost twice that long to go through the same process. Drugs



for arthritis dso spend more than 9 years, and asthma drugs soend more than 8 yearsin clinicd tridson
average. HIV/AIDS, anti-hypertenson, and leukemia cancer drugs are some drugsthat spend lessthan 7
yearsindlinica development. Again, thisresult issuggestive, but more sophiticated analysisisnecessary to
determine whether more important drugs get to market faster, and why.

Graph 1: Timein Development (Years)
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ii) Arethere economies of scale or scopein drug development?

While the data and the analysisis not nearly detailed enough to get at this question, we can present some
summary statitics on the rel ationship between firm sze (s measured by revenue) and success probabilities
and successful durations. The probabilitiesare calculated by multiplying together the estimated probabilities
of adrug moving from one particular sagein development to the next sage. Themethod of calculation can
be expressed by the following equation:

Pr (Launch=1|Phase|=1) = Pr (Launch=1|Phaselll =1) x Pr (Phasell1=1|Phase|1=1) x Pr (Phase |I=1|Phase|=1)
Inwords: probability of drugs being launched onto the market when they enter Phase | equa s the product
of the probability of drugs getting from Phasel to Phasell multiplied by the probability of thedrugsin Phase
[l advancing to Phase [11, multiplied by the probability of drugsin Phase 111 being launched onto the US

market.
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The reason behind this method isthat information on dl stages of clinicd development isavailable
for only alimited number of drugs. By studying this group of drugs exdusively, we would sgnificantly
reduce the sample size, and thereby, potentialy exclude important information. Instead, we caculate the
probabilities of the drugsin each phase of devel opment getting to the next phase from thetime they entered
Phase | dinicd trid until ther launch to the market, and then multiplying the results together. The
probabilities of drugs moving from a particular stage to the next are caculated using the number of drugs
that have advanced to the next stage as numerator, and the sum of drugs that have been suspended,
withdrawn or discontinued from that particular stage, or moved on to the next stage as the denominator.
Drugsthat are il active in that particular stage of development are not used in this caculation.

Theresults presented in Tables (4) through (9), show that drugsorigindly developed by Big Pharma
firms are more likely to get to market, epecidly from Phase 3, where Big Pharma drugs have a 47%
probability of getting to market, compared to 36% for non-Big Pharmadrugs. Tables(5) and (6) show that
this pattern holds for particular types of drugs such as drugs indicated for arthritis and drugs indicated for
hypertenson. In regardsto successful durations, overal Big Pharmadrugs are dightly quicker to market,
but this pattern does not hold for the two subsets of drugs presented in Tables (8) and (9). We should be
very careful interpreting such results as suggesting that that there are economies of scae or scope in
pharmaceutica devel opment, given both the discussion above on endogeniety and the heterogeneity in both
success rates and successful durations for some of the larger companies.

Graphs (2) and (3) suggest thet different companiesmay have different srategiesin relationto drug
development. It is particularly noteworthy that drugs from Company H have the lowest probability of
getting to market, just 5% from Phase 1, and one of the longest successful durationsat dmost 8 years. On
the other hand drugsinvented by Company E havevery high probabilities of enteringthe US market at 30%
from Phase 1. Again these types of datistics are sSmply suggestive. We cannot conclude that the
heterogendty is due to such development strategies. We can however conclude thet it will be difficult to
empiricaly estimate economies of scale or scope given that company specific devel opment Strategies may

influence observed probabilities of success.
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Graph 2: Probability of USEntry - by Company
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iii) What effect does the drug's expected market return have on success probabilities and
durations?

Theresults presented in Table (4) show that as market sizeincreases from less than $500 million tolessthen
$10 hillion, the probakility of successfully completing each phase is generdly increasing. Drugs with a
market size of lessthan $500 million have just over alin 4 chance of getting to market from Phase 3, while

-12-



drugs with markets between $500 million and $2 hillion have a dmost 1 in 2 probability of getting to
market. However, the overdl pictureisfar from clear. Thereare 100 drugsin Phase 1 that have amarket
sizeasbeing over $10 hillion, of these drugs only 4 have reached the market inthe US. Tables (5) and (6)
present the success rates on two subsets of drugs, those indicated for arthritis and those indicated for
hypertenson. Arthritis drugs associated with a market size over $5 hillion have a less than average
probability of getting to market, while smilar hypertension drugs have agreater than average probability of
getting to market. Findly, it is not clear how to interpret such success rates as in equilibrium we would

expect anegative relationship between expected returnand successful probabilities (Danzon et. ., 2003).

Graph 4: Timein Development (Years) - by Market Size
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In regards to successful durations, Graph (4) shows that time in development is generdly increasing in
market Sze, with large market drugstaking amost 2 yearslonger to get to market than smal market drugs.
Theresults presented in Tables (8) and (9) showsthat this pattern also seemsto hold for the two subsets of
drugs (arthritis and hypertension). Itisagain not clear how to interpret such statistics given that companies
decide whether or not to end development and how much to spend on continued devel opment, based on
their expectation of market return.

iv) What effect do drug characteristics have on successrates and successful durations?
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Table (4) presents the success rates in regards to US entry from different phases of development for
different categories of route of adminigration and different origind materids. In regards to route of
adminigration, oral drugs seemto haveareatively high probability of getting to market, but drugsddivered
by subcutaneous injection have an even higher probability of getting to market. At more generd category
levels there is not much different between success rates for dimentary drugs and parenterd drugs
(injections). Inregardsto origina materias, biologicas seem to have higher successratesthan other types
of drugs. The mogt interesting result from Tables (5) and (6) is that dmogt dl intravenous drugs get to
market for arthritis, while no intravenous drugs get to market for hypertension. Smilarly, ahigh percentage
of biologica drugs get to market for arthritis, while there is only one biologica in the samplethat hasbeen
developed for hypertension and that drug did not get passed Phase 1.

Table(7) presentsthetimein development for drugswith different characterigics. Thetable shows
that drugs that would be relaively easy to administer, including oras, respiratory and transdermal (for
example patches), are quicker to market than drugsdelivered by injection. In particular, drugsddivered by
intramuscular injection take over 9 yearsto get from Phase 1 to market, while transderma drugstake less
than 7 years to get from Phase 1 to market. It isnot clear whether these results indicate that drugs with
higher returns will get to market quicker or whether it issmply easer to conduct human clinicdl tridswhen
drugs have particular routes of adminigtration.

V. Conclusion

Drug development isone of the sdlient characteristics of the pharmaceuticd industry. However, itisnot an
area of the industry for which we have alot of information. Recently, anumber of authors have sarted to
make use of data on success rates and durations for human clinical trids (Abrantes-Metz et. al., 2003,
Danzon et. d., 2003, and Kyle, 2002). This study anayzes the probability of success and the length of
successful durations for 3,328 branded drugs that had entered either Phase |, Phase [l or Phase 11 of the
humen dinicd trids somewhere in the world between 1989 and 2002. Our basc summary is that
approximately 1 in 8 drugs that entered Phase | arelaunched onthe US market.™> On average, thispart of

3 Our probability estimate is much lower thanthe FDA's. Thisis probably because the sample includes drugs that
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the development process takes just under 8 years. This number is close to the FDA’s own figure of 85
yearsinthar tracking U.S. humandinicd trids (FDA, 2002). Thecomplete processof getting adrug tothe
market can be substantialy longer. Bosch and Lee (1994) report that it takes atotal of 12 yearsto get a
new drug gpprova from the FDA. We excluded the preclinical period from our andyss since the
Pharmaprojects data set is based on public information, and so focuses on drugsthat have dready madeit
to the late Stage development.

There four mgor questions, that studies like this one, may be able to answer. Do more important
drugs get to market quicker? Are there economies of scale or scope in drug development? What effect
doesthe expected return have on the drug’ sdevelopment? What effect do characteristics of thedrug have
onthedrug’ sdeveopment? Wedofind that HIV/AIDS drugs get to market quicker than the average drug.

We find that drugs originaly developed by the 10 largest pharmaceutica companies have dightly lower
probabilities of US entry from Phase |, but spend substantidly lesstimein dl clinica development phases
than the average drug. Drugswith the potentid for extremely lucrative markets of US $10 billion or more
tend to spend more time in development, and have a lower probability of actudly reaching the market.
Biologicd drugs have some what higher probabilities of making it to the US market, but this may vary
across indications.

The results give, a bedt, partiad answers to these questions. In some cases the results seem
unintuitive, but as discussed above, answering these questionsis quite complicated and requires
careful andysis of these newly available data sets. 1t ishoped that the results discussed aboveincrease our
knowledge of the industry and creste interest in more sophisticated econometric analys's such as that
presented in Abrantes-Metz et al. (2003).

were never intended for the U.S. market.
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APPENDIX

Table 1: Drugs That Appear in Each Phase of Development

Number Per cent

Phase 1 only 931 28%
Phase 2 only 786 24%
Phase 3 only 466 14%
Phase 1 and Phase 2 only 586 18%
Phase 1 and Phase 3 only 52 2%
Phase 2 and Phase 3 only 280 8%
Phase 1, Phase 2 and Phase 3 227 7%
Total 3328 100%
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Table 2:

Number of Drugs by Category

us World
Phasel Phase2 Phase3 Launch Launch Ceased
Big Pharma 268 304 176 60 80 339
Non Big Pharma 1528 1575 849 157 318 1126
Material
Biologicas 450 387 187 43 81 165
Chemicds 932 1046 664 159 279 612
Natural Products 66 80 60 13 21 44
ROA
Alimentary 403 487 372 103 161 222
Parenteral 492 539 323 76 141 219
Respiratory 48 56 21 5 9 29
Topica 64 68 71 22 38 37
Transdermal 28 28 26 5 9 22
Novelty
Not Available 931 944 353 21 31 1465
All Preclinical 4 2 2 0 0 0
Established Strategy 178 210 212 74 153 0
New Formulation 84 104 115 29 57 0
Low Novelty 56 22 5 0 0 0
2nd, 3rd or 4th Compound 156 139 59 0 0 0
Leading Compound 387 459 279 93 157 0
Market Size
US $0-500 Million 169 206 121 20 41 157
US $501-2,000 Million 521 581 330 94 144 436
US $2,001-5,000 Million 694 647 339 64 123 487
US $5,001-10,000 Million 230 259 123 28 58 222
> US $10,000 Million 138 154 91 7 22 141
Drug Age (Years) 12.8 13.9 15.4 15.9 16.2 15.9
(Standard Deviation) (5.0) (5.0) (5.4) (5.7) (5.1) (4.4)
N 1796 1879 1025 217 398 1465
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Table 3: Primary Indication - Number of Drugs by Category

us World
Phasel Phase?2 Phase3 Launch Launch Ceased

Alzheimer's Disease 22 31 13 2 2 26
Arthritis Rheumatoid 29 34 11 5 6 15
Asthma 42 49 18 4 8 29
Cancer

Breast 34 34 17 3 9 17

Leukemia 15 22 9 5 6 12

Lung 34 34 10 0 1 9

Prostate 16 19 12 3 3 2
Diabetes 39 39 21 6 7 14
Hepatitis 26 21 11 3 7 6
HIV/AIDS 46 58 29 14 15 36
Hypertension 29 41 41 10 23 26
Parkinson's Disease 19 20 12 4 5 8
Thrombosis 28 31 17 4 8 23
N 1796 1879 1025 217 398 1465
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Table 4. Probability of US Entry of Clinically Developed Drugs from Phase of Development
(Number of Drugsin the Sample)

Phase 1 Phase 2 Phase 3
All Drugs 0.12 0.17 0.38
(1366) (1218) (542
Big Pharma 0.10 0.17 0.47
(217) (219) (127)
Non Big Pharma 0.12 0.17 0.36
(1149) (999 (415)
Biologicals 0.25 0.31 0.53
(309) (218) (75)
Chemicals 0.19 0.25 0.45
(725) (664) (343
Natural Products 0.18 0.23 0.37
(50) (45 (30)
Alimentary 0.28 0.34 0.51
(301 (308) (200)
Ord 0.29 0.35 0.51
(290) (296) (197)
Parenteral 0.28 0.32 0.49
(405) (343 (147)
Intravenous 0.30 0.34 0.48
(209) (195 (86)
Subcutaneous 0.43 0.45 0.61
43) (39) (18)
Intramuscular 0.39 0.45 0.69
(36) (23) (13
Respiratory 0.17 0.25 0.67
(36) (@) (6)
Topical 0.27 0.37 0.50
(49) (33) (42)
Transdermal 0.13 0.21 0.44
(23) 17) ©)
US $0-500 Million 0.09 0.13 0.26
(133 (128) (69)
US $501-2,000 Million 0.16 0.23 0.47
(418 (391 (186)
US $2,001-5,000 Million 0.13 0.19 0.40
(506) (400) (159)
US $5,001-10,000 Million 0.09 0.14 0.44
(178) a72) (64)
> US $10,000 Million 0.04 0.06 0.13
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(100) (110) (55)

Table 5: Probability of US Entry from Phase of Development
(Number of Drugsin the Sample) - Arthritis*

Phase 1 Phase 2 Phase 3
All Drugs 0.30 0.36 0.61
(42) 34 (18)
Big Pharma 0.43 0.57 1.00
4 (7 4
Biologicals 0.60 0.67 1.00
(20) (12) ©)
Chemicals 0.24 0.32 0.62
(21) (21) (13)
Orals 0.32 0.35 0.56
11 (16) €)
Intravenous** 0.83 0.83 0.83
€) 4 (6)
Large Market 0.19 0.29 0.50
(12) (12) (10

*By any Indication
** All Drugs Went Through Clinical Phases of Development

Table 6: Probability of US Entry from Phase of Development
(Number of Drugsin the Sample) - Hypertension*

Phase 1 Phase 2 Phase 3
All Drugs 0.22 0.28 0.46
(34) (41) (28)
Big Pharma 0.27 0.38 0.57
(7 (6) (7
Biologicals** 0.00 0.00 0.00
(1) (0) (0)
Chemicals 0.25 0.32 0.46
(28) (34) (14
Orals 0.29 0.35 0.52
@an 27 (16)
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Intravenous** 0.00 0.00 0.00
) (6) 2
Large Market 0.30 0.37 0.58
(25) (31) (19
*By any Indication
**No Drugs Have Made to the Market
Table7: Timein Development (Years)
Phase 1 Phase 2 Phase 3

All Drugs 7.8 6.1 3.7
Big Pharma 7.1 55 3.4
Non Big Pharma 8.0 6.4 3.9
Biologicals 8.0 6.4 3.7
Chemicals 7.7 6.1 3.7
Natural Products 7.3 5.5 3.9
Alimentary 7.5 5.8 3.5

Oral 7.5 5.8 3.5
Parenteral 8.2 6.6 4.0

Intravenous 7.9 6.3 3.7

Subcutaneous 8.7 7.1 4.2

I ntramuscular 9.2 7.4 4.6
Respiratory 6.7 5.1 3.3
Topical 7.7 6.4 4.5
Transdermal 6.8 4.9 2.9
N 1796 1879 1025
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Table8: Timein Development (Years) - Arthritist*

Phase 1 Phase 2 Phase 3
All Drugs 7.9 6.4 3.7
Big Pharma 8.3 6.9 3.8
Biologicals 5.8 4.5 2.1
Chemicals 9.2 7.1 4.4
Orals 8.4 6.5 35
Intravenous NA* NA* 4.3
Large Market 9.5 8.0 4.8
N 55 63 31
**By any Indication
* Number of observations is insufficient for calculation

Table9: Timein Development (Years) - Hypertension**

Phase 1 Phase 2 Phase 3
All Drugs 7.3 6.4 3.2
Big Pharma 7.5 6.4 3.2
Biologicals NA* NA* NA*
Chemicals 7.3 6.5 3.2
Orals 6.4 5.6 3.2
I ntravenous NA* NA* NA*
Large Market 7.1 6.4 3.4
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N 35
**By any Indication

* Number of observations is insufficient for calculation
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