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Abstract

Our maintained hypothesis is that drug development responds to the intensity of consumer
demand. We look at the distribution of drug development by disease and link this to the economic
harm caused by disease as measured by mortality. Mortality data represent the net effect of human
frailty and the efficacy of the existing drugs on the market. If people continue to die from a given
condition then existing drugs are not perfect and there are potential profits from developing a more
effective compound. We aggregate economic harm worldwide and into three broad regions: the
United States, other developed countries, and underdeveloped countries. We find that economic
harm motivates the distribution of drug development across diseases, but it is economic harm in
the United States alone that matters.

KEYWORDS: patents, intellectual property

*Civan is Asst. Professor of Economics, Fatih University, Turkey; Maloney is Professor, John E.
Walker Department of Economics, Clemson University, 29634-1309. We would like to thank Ray-
mond Sauer, Curtis Simon, Robert Tollison, and John Warner for comments and encouragement.
The comments of the editor and two anonymous referees were also helpful in improving the paper.



Civan and Maloney: Pharmaceutical R&D 1

1. INTRODUCTION

The drug industry most clearly brings the econopnablem of intellectual prop-
erty into focus. Intellectual property rights foreetradeoff between consumer
surplus from low prices for existing knowledge ahd potential consumer sur-
plus from the expansion of knowledge. While the ptaimts about copyright vio-
lations in music leave many of us yawning, it ischeo ignore the specter of an
elderly person dying because effective drugs aieegrout of economic reach.
However, giving away existing property to save ¢taerly could mean that chil-
dren born only a few years later are lost becaunsgsdo treat their conditions do
not exist.

The issues are not new and have been exploredrat lemgth. However, their
policy significance is growing. The U.S. Congreslosing in on the passage of
legislation to allow the importation of drugs bydimidual consumers. Several
states have begun to import drugs from Canada laed/leere for their Medicaid
patients. Both of these actions effectively redtlee property-rights protection
that was previously afforded drug companies selirggluct in the United States.

This paper offers some evidence that may be ugeterms of the policy de-
bate. We attempt to identify the link between dediside conditions and new
drug development. We relate new drug developmetitd@conomic harm caused
by disease and ask the question, is the economsscitosome countries more im-
portant than in others? Put bluntly, do drug conmgs only respond to demand
from the United States? Interestingly, and possibifortunately, our answer to
the last question is, “yes.”

2. BACKGROUND AND PRIOR RESEARCH

Because the U.S. prescription drug market is a $ilion industry, it is no sur-
prise that it is in the spotlight. Several impottamaracteristics separate the
pharmaceutical industry from other industries. Niolly is it costly to develop the
drugs, but governments also require expensivecdliririals before allowing the
drugs on the market. These add up to huge fixets.cos

The U.S. pharmaceutical industry spends $30 bilionually on research and
development (R&D) projects. Before putting a newglon the market, compa-
nies have to prove that it is both “safe” and “effiee.” The cost of developing
new drugs has increased significantly in recenades. It has been estimated that
a new drug costs approximately $800 million todagnpared to $400 million in
the United States in the early 1990s. R&D costsemsed 7.4 percent annually in
real terms from the 1980s to the 199®art of the reason for the high cost is that
most new chemical entities (drug candidates) faitetach the market. Typically

! Both terms have extensive regulatory definitions.
2 See, DiMasi et al. (2003).
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less than 1 percent of the new chemical compourasi@ed are used in human
testing. Only 20 percent of those compounds fingdlyn FDA approval.

While the fixed costs are in the hundreds of mmléicof dollars, the marginal
production costs are relatively small. Moreoverlikensome other high-tech or
high fixed cost industries, the imitation of thastixg drugs is relatively low-tech
and cheap. As a result, patent protection is ckucisecouping the cost of drug
development.

However, the public perception of the drugs miggastrong patent protec-
tion. Rightly or wrongly, access to pharmaceutigalseen as a natural right of
human beings, so it has been harder for governntertsnvince their citizens to
pay higher prices for the drugs. Thus, governmangsreluctant to give strong
intellectual property rights to the pharmaceuticainpanies. Even countries that
are otherwise market friendly only recently begasngng drug patents. Sweden
started to give pharmaceutical patents in 1977adap 1976, Norway in 1992
and Brazil in 1996. Prior to 1995, there were miti@n 50 countries that did not
provide any patent protection to the pharmaceustical

The perception that drugs are not regular commnesligads to the strict price
regulation in the pharmaceuticals market presenmamy countries. Countries
that have widespread public health insurance cgeereegotiate prices with the
pharmaceutical companies. Generally, these negwtgatesult in much lower
prices than found in the United States. Theord¥icdlthe pharmaceutical com-
panies are not happy with the outcome of thesetraigms, they have the option
not to market their drugs in those countries. Haveunlike other goods, the in-
ternational treaties give governments the righivéave the patent rights of those
companies that do not market drugs in their coestfcompulsory licensing).
Even if the governments do not use this option,artipg drugs from another
country is always an option. The U.S. governmetiictvis the most protective of
pharmaceutical patents, puts some pressure on phauatical companies to lower
their prices. However, many other developed coestrregulations are much
stricter than those in the United States. As altiesew drug prices are much
higher in United States than in Canada and Europeantries:

% In 1995 the member countries of World Trade Orgatin signed a treaty (TRIPS) which
requires all countries to provide strong patentqution to the pharmaceuticals. The treaty gave
10 years to implement the rules to the least d@ezl@ountries. The latest talks in Doha extended
the time period to 2016. Lanjouw and Cockburn (9001 no significant increase in research for
developing country diseases such as malaria andashafter TRIPS. On theoretical grounds,
Chinn and Grossman (1990) and Deardoff (1992) cmlecthat under most circumstances the de-
veloping countries would lose with TRIPS and in sooases world wealth might also decrease
because of increased patent protection in devedopountries. See also, Diwan and Rodrick
(1991), Helpmann (1993), and Scherer (2002) farwdisions of various aspects of the issue.

* There have been a number of studies on interratmmparisons of drug prices. The Gen-
eral Accounting Office’s (1992, 1994) comparisofigliug prices in the United States relative to

http://www.bepress.com/bejeap/contributions/vol5/iss1/art28



Civan and Maloney: Pharmaceutical R&D 3

Because of this, it is not surprising that pharmiéical companies are accused
by the public of charging American consumers sigaiftly higher prices than
consumers in other countries including Europe, @anand Japan. Arguably, the
rest of the world gets the best of the both worldser prices for the existing
drugs by regulating the industry and newly innodaleugs paid for by U.S. con-
sumers.

On the other hand, the free-riding problem mayb®was severe as it seems.
There is some evidence that drugs are priced effilsi worldwide. Danzon and
Furukawa (2003) find a close relation between ginmices and income across nine
developed countries. They argue that this impliésiency in a Ramsey-pricing
sensé€. If true, the price differentials between the Udittates and other coun-
tries may be a signal of economic well-being angulaory moves to remove
them could lower welfar®.

Of course, this argument depends on a number dfehatructure conditions.
First, there is the question of excess profits. tlia score, Grabowski, Vernon
and DiMasi (2002) find little evidence of excestura. They calculated the rate
of return on pharmaceutical investments and foumal be 11.5 percent, while the
cost of capital in pharmaceuticals was 11 percetvéen 1990 and 1994. Evi-
dence of price competition within the industry f@so been mustered. Lu and
Comanor (1998) find that greater therapeutic coitipetat entry leads to lower

Canada and the UK concluded that U.S. prices wengeécent higher than the UK and 32 percent
higher than Canada. The Minority Staff (1998) eated that U.S. prices are 102 percent higher
than Mexico and 70 percent higher than Canada.&@s®, Danzon and Chao (2000) and Danzon
and Furukawa (2003) for a good discussion of dnigepmeasurement.

All of these studies use wholesale price as thepawison. For countries other than the United
States, this reflects a reasonable estimate ofdtal price because drug prices, i.e., the reim-
bursement rates paid to pharmacies, are reguldtadever, in the United States, the actual prices
paid depend on discounts given to government pgersahealth management organizations, and
other pharmacy benefit managers, and these arédeatifl. Nonetheless, the fact that drug re-
importation from Canada is a serious policy isqueaks to the fact that U.S. citizens can purchase
drugs from Canada at prices that are lower thamdoat local pharmacies. For instance,
Canadapharmacy.com offers Zocor, 10mg, 90 tablats$168. The retail price in the United
States is $216.86. Moreover, Canadapharmacy.coensof generic not available in the United
States at $125 for 112, 90mg pills. While it isetthat the price patients pay under drug-benefits
programs generally make the option of buying froem&da unattractive, consumers without drug
benefits can buy drugs more cheaply from Canadaiththe United States.

® Scherer and Watal (2002) found little evidencd&Ramsey pricing for 15 AIDS drugs in 18
low and medium income nations.

® Danzon and Ketcham (2003) show that removing pgigiower by regulation matters. They
show that due to policy changes, pharmaceuticapemies decided not to introduce some of the
newest drugs in New Zealand market. Danzon Wangvdang (2003) show that price regulation
delays new drug launches.

Contributions to Economic Analysis & Policy
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prices in United StatesLichtenberg and Philipson (2002) conclude thatetiect
of competition between patents is at least as lasghe effect from generi€s.

The question of efficiency is important becausedhs much anecdotal evi-
dence that pharmaceutical products have made s both easier and longer,
and the economic value of gains in life expectaiscsubstantial. There are also
studies showing that the consumption of drugs oonwpatient basis reduces the
demand for other health services lowering the dieoat of health car&’

With these thoughts in mind, we propose to takeod ht the relation between
drug development and the intensity of demand fov deug development around
the world. Our basic proposition is that in an@ént drug market, development
of new drugs should be driven by demand consideratiand that these demand
considerations should operate worldwide. We propjoseeasure worldwide de-
mand by the incidence and losses from diseasesdhain intensity across coun-
tries.

Our research runs parallel to that of Acemoglu Eind (2004). They analyze
the effect of potential market size on pharmacaltionovations using U.S.
demographical data. They find a large effect ofeptal market size (in the
United States) on the entry of new drugs. Our mebes also based on market
size as a driving force in drug development, andsstent with the results of
Acemoglu and Linn, we find that market size—esgBcin the United States—is
positively related to drug development.

Our research design and the conclusions are alsosuailar to Lichtenberg
(2005) with a couple of distinct differences. Helks at drugs that have already
made it through the development pipeline while a@klat drugs still in the pipe-
line. Moreover, he uses morbidity data from the Mdfealth Organization
(WHO) while we use mortality data. In three diffier@analyses, Lichtenberg finds
the same thing that we observe in our data: thalrisgy development is positively
related to the burden of disease in developed cegrbut not the burden experi-

" Ekelund and Persson (2003) do not find the saing th be true in Sweden.

8 This study looked at quantities, not prices, Ihet price effect is shown in Cothran (2005).
Bernt et al. (1995) find own-price elasticity estitgs between -0.74 and -1.03 for brand-named
ulcer drugs based on data from 1977 to 1994. HElletcal. (1997) found relatively small or insig-
nificant cross-price effects between different loraame drugs but substantial cross-price effects
between generic substitutes. Wiggins and Manes84{2bave found that for both generic and
brand-name firms, there is a significant inverdati@n between price and the number of competi-
tors, whether those competitors are brand-nameeerg: producers. Rudholm (2003) found con-
trasting results in Sweden.

® Murphy and Topel (2002) estimate that the gainfénexpectancy between 1970 and 1990
in the United States were worth about $2.8 trillger year in the aggregate, or about $12,000 per
person per year. According to their calculatiotisni@ating deaths from heart disease would gen-
erate economic value of $48 trillion and curing @amwould be worth $47 trillion in the United
States alone.

19 See Licthtenberg (2001b) and (2004).

http://www.bepress.com/bejeap/contributions/vol5/iss1/art28
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enced in underdeveloped natidh€Dur results corroborating his are important
because the number of drugs in development is arisupneasure compared to
the number of drugs that have emerged from theldewent pipeline. Past drug
development has (hopefully) affected morbidity anartality while this endoge-
neity issue is not present when the drug pipebnesied as the dependent variable.
That is, by relating the burden of disease to dthgs are not yet being used in
therapeutic application, we eliminate the possipdif reverse causation.

3. ANALYTICAL FRAMEWORK

The demand for a drug depends on the number ohgateonsumers, on the

amount that consumers are willing to pay, and teminarket conditions such as
the regulatory environment in which the firm opesatTo measure the size of the
potential market, we use the number of people dfiom a given disease. For

instance, if there is a significant number of peogying today because of lung
cancer, this indicates that there will be many comers for a newly developed

drug to treat lung cancer.

In part, we use mortality because of data avaitgbWe might use changing
demographic patterns as Acemoglu and Linn did thege are unavailable inter-
nationally. Morbidity data such as those used bghtanberg (2005) were not
available to us in disaggregated form when we esiatttis project. They have be-
come available and we discuss the results of utiege data in Section 6.6 and
Appendix B below.

Even so, the use of mortality data is not inappeter It is true that the devel-
opment of a successful drug for lung cancer willdo the mortality rate due to
lung cancer. Once this new drug is in the marketpbtential profits of new re-
search on lung cancer will be lower, but beforertbe, successful drug enters the
market, mortality will be high. In short, if the mality rate is high for a disease,
it means that the existing drugs are not successfdlthere are potential profits
for newly developed compoundsAs we noted above in reference to Lichtenberg
(2005), there may be two-way causality betweenntioetality rate and drugs al-

1 Litchenberg (2001a) finds that the amount of W&sernment-funded biomedical research
is strongly positively related to premature motyahmong white Americans but is unrelated or
inversely related to premature mortality among nieitev Americans, though this result admits
several interpretations.

2 Some readers have objected to the use of mortaligs as a measure of demand intensity.
They claim that drugs to treat chronic diseasestla@emost profitable and low mortality rates
would indicate a small need for the drug. Whilesitrue that diseases like high blood pressure are
chronic, they still kill a lot of people. It is teuthat weighting mortality rates by age may under-
state the importance of such drugs. However, tlas Is probably lost in the aggregation. At all
events, the bias works against us finding a result.
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ready on the market, but drugs in the developmagsglipe cannot have already
affected mortality.

Moreover, our research method further reduces dis@bout potential en-
dogeneity. Remember that our concern ultimatelyhisther the burden of disease
differs in its effect on drug development countgydountry. Even assuming that
there is some reverse causality between drug dewveot and mortality, it would
only affect the analysis if drug efficacy varied cyuntry, and this does not seem
to be the case.

While the number of deaths is a reasonable measurarket size, it alone is
a crude measure of demand intensity because itagnbe willingness of con-
sumers to pay for a drug. Willingness to pay isirecfion of a number of different
things: the intensity of the disease, the incomehef patients, the number and
price of similar drugs on the market, and the ioé alternative remedies. In-
come can be measured in a straightforward way oauatry-by-country basis.
Furthermore, we argue that person-years lost duliskase are a proxy for the
intensity of the disease. This measure is alsdablaicountry-by-country’

Income is unambiguous. Richer people are willingpéy more for treatment
because it is worth more both in terms of avoidogj consumption and lost pro-
duction. In addition, we propose that the age efdfilicted population is a meas-
ure of the intensity of the disease. Health prolsi¢hat strike younger people do
more economic damage than those that hit older Ipelopcause mortality in
younger people represents a greater loss in prveuetsources?

Again, we argue that drug development respondsdantensity of consumer
demand as measured by mortality rates across dsestortality data represent
the net effect of human frailty and the efficacytioé existing drugs on the mar-
ket. The fact that people continue to die fromaegicondition means that exist-
ing drugs are not perfect. There are several resasdry existing drugs are not
capable of eliminating a given disease: (a) curdengs are so expensive that not
everybody can afford them; (b) current drugs hawehssignificant side effects
that not everybody uses them; (c) current drugshateapplicable to everybody.
In each case, the mortality rate accounts for tfieaey of current drugs on the
market, and it stands as a measure of the demamefodrugs.

It is assumed that marginal productivity of investits in each disease is the
same. In other words, we are assuming that thexseibehind each disease is
equally hard, and the probability of finding a difeg equal amount of investment
is constant regardless of the medical area. Issaimed that if a drug company
devotes $800 million to cancer research, it wittdduce one new cancer drug

'3 Income measures by age group would be usefulreuiat available internationally.

 This is a simplification. Lost productive resowschould properly be measured by the lost
human capital. To the extent that younger peopestil acquiring human capital, the net cost of
mortality over the life cycle probably rises andnHalls.

http://www.bepress.com/bejeap/contributions/vol5/iss1/art28
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into the market; if it decides to invest this $8@blion on treatment for heart dis-
eases, one new heart drug will be introduced tontlaeket. It is possible that
some diseases are harder to target scientifiddbyever, the data available to us
do not make this distinction. Hence, we assume tthiateffect is impounded in
the error term.

Ultimately, we will test the proposition that it @ly U.S. demand that mat-
ters in drug development. However, a more generedion of the same question
can be posed, is drug development systematicdiéctadd by the regulatory and
property-rights structure? For the drug industrgt@ction of intellectual property
extends to regulatory institutions. The averagegsriof drugs can be low in a
country not only due to weak protection of intelied property rights by the tort
system but also due to regulations by the goverhmendiscussed above, many
countries regulate the drug prices directly, suglF@nce, or indirectly, such as
Germany and the United Kingdot These regulations and negotiations have a
similar impact on price levels as does weak pgtestection. Unfortunately, there
is no index that would enable us to perfectly giarail of these differences in
national policies. Nonetheless, we propose to &nkneasure of property-rights
protection to R&D investment in new drugs.

The maintained hypothesis is that worldwide demdnnees the distribution of
drug development across disease categories. Tohisgbroposition, we regress
drug development across diseases on the worldwitldence of disease mortal-
ity, mortality weighted by the loss of expectee Jibtnd mortality weighted by the
value of the loss of expected life. In addition, widl add variables that capture
the property-rights and regulatory regimes. Finalg will ask whether drug de-
velopment is solely driven by U.S. demand.

4. DESCRIPTION OF THE DATA

To test the propositions outlined above, we needdtita on the current damages
done by each disease and the investment in nevs dougeat each disease. In re-
gard to the damages caused by each disease, wbeus@ernational Mortality
Statistics Dataset. These data consist of annd@iabfcause-of-death statistics
categorized in 130 groups of diseases and dividexdge percentiles. The data
are reported separately for 71 countffe$hus, this dataset allows us to estimate
the burden of each disease in terms of lives Iodtia terms of lost years of life

!> Germany and the UK negotiate with pharmaceutioaiganies on price levels. If there is
no agreement between the companies and the govermmmearticular drugs, these drugs are ex-
cluded from the drugs covered by public insurance.

16 Most of the developed countries are included & dhata; however, many developing and
underdeveloped countries are not, notably Chinaladhd.

Contributions to Economic Analysis & Policy



8 Vol. 5 [2006], No. 1, Article 28

on a country-by-country basis. We primarily use 1997 mortality statistics in
order to maximize the number of countries in thega’

The cause of death may be proximate or underlyihgt is, when a woman
dies of bone cancer, it may be that the cancerdppeared there or it may be that
breast cancer metastasized to the bones. The Wiitdast for classification of
mortality is to use the underlying cause of de&h, for instance, breast cancer
that metastasizes to the bones and causes deddlksgied as breast cancer.

Mortality data by disease, age, and country calinked to income per capita
at the national level. This allows us to measuesdtonomic loss caused by each
disease. In order to measure the number of yeatsbkcause of mortality at a
given age we used data on the expected lifetinea@hm country as reported by the
WHO for the year 2002. National income data wekeafrom per capita statis-
tics reported by the World Bank for 2002.

As an alternative to economic loss, health expenektper capita reported by
WHO are used as a measure of the potential prfodits new drug development
in each country. Healthcare expenditures act as»ygor drug prices on a coun-
try-by-country basis®

Drug development is measured by the number of drugse pipeline. A con-
sulting firm, Centerwatch, follows drug companidisoaer the world and reports
on their research and development activities. Tdta dvailable from Centerwatch
not only list the drugs and their therapeutic aggilons, but also reports their po-
sition in the development and marketing approvakess. These data were ob-
tained for the year 2003.

Drugs in the pipeline are matched to diseases.Cdrdgerwatch data are bro-
ken into many more categories than given in theri@tional Mortality Statistics.
In order to match the two sources, it was necedsaignore some categories and
to combine otheré’

" Many countries did not report the mortality datdilrecently and for others there is a long
lag in their reports. As a consequence, using filata 1997 maximizes the number of countries in
the sample. If the 1997 data are not availablefoountry, either 1996 or 1998 data are employed.
Mortality is not expected to change dramaticallaryto year, so even though mortality data for
1997 are slightly dated relative to other datahmadnalysis, this should not create a bias.

18 Average prices for newly patented drugs are noliply available for enough countries in
our sample to make direct measurement feasible.

19 Centerwatch sells data and market analysis tostngdprofessionals and potential investors
and provides less detailed versions for free topgents who would like to get informed about
clinical trials and investigational drugs. The dhtae been cited in medical journal publications,
e.g., Till, Phillips, and Jadad (2003) and Manheianed Anderson (2002). We gathered data dur-
ing a free three-day trial access.

% There are some drugs developed for nonfatal disesisch as heart burn or skin diseases.
There are many other drugs that are hard to adoftat specific type of diseases such as drugs
developed for surgical procedures. Similarly thare some incidences of deaths in the mortality

http://www.bepress.com/bejeap/contributions/vol5/iss1/art28
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The Centerwatch data are used to create two diferariables. The first is
the total number of new drugs in the developmepelpie. We call this variable
Drug-Count and label itK. The second variable measures the total investment
represented by drugs in the pipeline. This is ddlleug-Investment and is labeled
l.

The investment variable is calculated by linking gtage of development to
cost estimates reported by other researchers. Dibtaal., (2003) estimate the
cost of each of the three stages of drug developineiiie United States. The
development stage of each drug reported by Centelnvws multiplied by the av-
erage U.S. expenditures necessary to reach tlge?4tBoth K and| are meas-
ured at the disease levé, is the total number of drugs in the pipeline tasd
targeted to treat a given diseais® |; is the total investment in all drugs aimed at
disease. These variables are the dependent variablesingbd analysis.

Different countries provide different levels of gat protection and have dif-
ferent price regulations. In order to capture tfiects of these policies, we need
an index comparable across countries. The besk imaelld be specific to the
pharmaceutical industry because sometimes a cosirggneral property-rights
policies do not reflect the specific policy appliedthe pharmaceutical industry.
However, such an index is not readily availablepeemlly from public sources.
As a consequence, we use a more general indexedregtHeritage Foundation.

The Heritage Foundation’s Freedom Index ranks thenties from 1 to 5
based on their regulation, government interventiamg the level of property-
rights protection. Countries that have the mostketairiendly policies are given
a 1 and the least market friendly ones are given a

data such as homicide and drowning for which newgslido not represent a likely remedy. These
categories are ignored.

L R&D costs of 68 randomly selected new drugs olktiiinom a survey of 10 pharmaceutical
firms. These data were used to estimate the avgnagtax cost of new drug development. The
researchers estimated the mean cost of phase2 #iilion, phase Il $23.5 million and phase lll
$86.3 million.

22 \Where Centerwatch reports that the project isodisoued or that the development stage is
unknown it is assumed that the project is in thddig of the approval stage.

Our approach assumes that drug development dahe iBuropean Union and Japan costs the
same as development done in the United Stateshvidiikely not true since the testing protocols
are different.

% Some drugs are targeted to a number of differesedes. However the drug companies are
required to prove the efficacy of the drug for edatgeted disease separately. Considering that
most of the R&D money goes to efficacy trials, welude these drugs in our dependent variable
in each targeted disease without dividing. Howdeercancer drugs there are number of drugs that
are applicable to all types of cancers such as ottearapy. R&D money of those general cancer
drugs are divided into dependent variables of aarsased on their weight.

Contributions to Economic Analysis & Policy
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5. EMPIRICAL METHODOLOGY

We are looking for the relation between the amairdrug development and the
harm caused by each disease worldwide. The moshubapproach would be to
do a panel regression of drug developm&niof |;) as the dependent variable on
the economic loss caused by each disease in eaditrgoThat is, each observa-
tion would be a disease, and the economic loss ftmrdisease in each country
would be included as separate independent variabhes maintained hypothesis
predicts that all coefficients are the same. Howetles approach is not possible
given the dimensions of the data. Our dataset ol countries and 49 health
problems, which makes the full panel approach undkantified. As a result, it is
necessary to aggregate the data.

There are many ways to aggregate the data. Theothéltlat we use reflects
the hypotheses in which we are interested. Thehwdbthesis is that drug com-
panies randomly allocate their research and dewsop activities across dis-
eases. The alternative hypothesis is that researtiidevelopment is motivated by
potential profits that vary across diseases baseglconomic loss. Within the al-
ternative hypothesis, we are interested in diséngdhe extent to which intellec-
tual property rights and country-specific regulataf the drug industry affects the
industry’s allocation of research money. In ordertést the null hypothesis
against the alternatives, we aggregate the indegmendriables by summing the
number of deaths, the years lost, and the incormstedioe to each disease across
the entire world and across subregions.

Total deaths are simple. Ldfbe the number of people in counjrwho died
from diseasé. Total deaths by diseasean be identified as:

D, = ZN: dij (1)

=

whereN is the number of countries in the world or subsagbver which we are
aggregating.

Expected years lost because of each disease is@hmore complicated to
express even though it is conceptually simple. Agae sum across countries. In
each country, the age of death is compared toiftnexpectancy in that country.
Table Al in Appendix A gives life expectancy acréiss countries in the sample
that is used in the calculation of person-years. & also discount these lost
years at an interest rate that accounts for thialsate of discount?

% The interest rates used are 0, 1, 3, and 5 per€hetreported results are based on 1 per-
cent. The choice has no effect on the results.

http://www.bepress.com/bejeap/contributions/vol5/iss1/art28
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Symbolically, letd;x represent the number of people in countoy agek that
died from diseasg and letT; be life expectancy in countjy Person-years lost to
the diseasein countryj, Yjj, is then:

T Tk d,,
Y. = J 2
NI ?

Y=Yy, ®)

If lost person-years are multiplied by per capitaoime in each country, we
have a measure of the economic loss. Let per cequitene in country bey,. We
can then define the regional or worldwide econdess from diseaseas:

N

V= vy, 4)

j=1

We adjust economic loss in counjrfor the property-rights institutions of that
country. Again, the Heritage Foundation index ranf@®m a strong property-
rights indicator of 1 to weak property rights a°S-hat is, an index number 5 is
given to the least market friendly countries whhe most market friendly gov-
ernments get 1. If we divide this index into ecomoioss, we get a weighted
measure of economic loésDeaths causing lost years of life and lost incaree
discounted in countries with weak property-righmstitutions.

Let the Heritage Foundation index in countriye F;. We can then define the
property-rights weighted, economic loss from diseass:

N
W = Z y;Y; 1F; (5)

=1

An alternative to economic loss defined in termp@f capita income is to de-
fine the magnitude of potential demand in termpeaafcapita health expenditures.

% Heritage Foundation reports the Freedom Indexdffierent categories, such as govern-
ment intervention, regulation, property-rights paiton. The results do not change significantly
with different categories of indexes. We report tesults for the Freedom Index which averages
all the categories.

% Nonlinear weighting of Freedom Index does not geaihe results.
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Per capital health expenditures are a measureeofithiount that a resident of
countryj could be expected to spend each year if that paises not die. If we
multiply these expenditures by the lost persongéagives an approximate upper
bound of the amount a drug company might be ablehtrge for a new life-
saving drug. Lety be per capita health care expenditures in coyntvye then

have:
N

H; = Z ijij (6)

=

Based on these aggregate variables, we can spifral regressions that
test our propositions about the behavior of drugganies. Each of the dependent
variables, K, Ii}, can be regressed on each of the independerdblas sepa-
rately, {Di, Yi, Vi, W H;}. However, the independent variables cannot alirbe
cluded in the same regression because they repragaitar aggregations of the
cross-country effects. In order to remedy this,ti@@sform them in ways that al-
low us to capture the marginal impact of each effec

Consider what happens if we divide income-weightest person-years by
lost person-years. This gives us the lost incomthefaverage person killed by
disease. That is, we define a variable called averageilasime as:

Y
Vi_Yi (7)

Vi represents the lost income weighted by persorsyleat to disease Y; repre-

sents the total person-years lost. The ratio ismbighted average lost per capita

income due to diseaseOr, put differently, it is the income of the aage victim.
Similarly, define a variable called average propedhts as:

_—
W = ®)

Again, V, represents the lost income weighted by persornsyleat to diseasie W
represents the property-rights adjusted person-wegghted income lost to dis-
easd. The ratio measures the weighted average propgtiys protection associ-
ated with disease We can think of this as the property-rights inddxhe aver-
age victim.

Finally, based on the same methodology we can elefia weighted average
annual health expenditure for diseask is given by:
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— H,
h—Vi ()

We can think of this as the annual expected heai¢ghexpenditures for the aver-
age victim if that person had survived.

The variables described in equations (7) throughh@p us parse out the
marginal impact of economic versus human loss itivating drug development.
However, the issue that we are most keenly intedest is the extent to which
drugs are developed to satisfy the U.S. marketealdfe investigate this hypothe-
sis by aggregating equations (1) through (6) oheee subregions: the United
States only, the European Union and other developadtries, and the rest of the
world, which are the underdeveloped countfies.

Table A2 in Appendix A gives the data and summaayisics for the basic
variables used in the analysis. The first partaifl& A2 gives worldwide cumula-
tive deaths, person-years lost, drug-count, investmincome-weighted years
lost, property-rights and income weighted yeard, Idgalthcare expenditure
weighted years lost, and the ratio of U.S. deailtké worldwide total, all by dis-
ease. There are 49 diseases. The table is sortedadbyleaths. That is the disease
with the highest mortality, cerebrovascular diseasenes first; it killed 1.8 mil-
lion people in 1997. The bottom of Table A2 givee mean, median, minimum,
maximum, and standard deviation for these variables

The disease causing the most lost years is thé-adltcategory for cancers
not otherwise defined (NOD). There were 6.74 milligerson-years lost due to
these diseases. Cancer NOD tops out the weighted {est categories as well. It
also has the most new drugs in the pipeline (346 all as the greatest invest-
ment in new drugs ($11 billion).

The median investment is $633 million, which igstly more than the in-
vestment in new stomach cancer drugs. Median incadjested years lost is
$10.6 trillion, which is the value for prostate can

%" The other developed countries are Australia, AaisBelgium, Canada, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Istedi;, Japan, Luxemburg, Malta, Netherlands,
New Zealand, Norway, Portugal, Singapore, Spaired&am, Switzerland, and the UK.
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6. RESULTSAND DiSCUSSION

The results of the analysis are presented in Tdbtesough 4° Table 1 presents

the results for single-variable regression spediiiims of new drug development
on the various mortality measures. The table gihesestimated elasticities of
each effect measured at the mean. The coefficeithate and-values are also

given in parentheses and brackets, respectively.

6.1. SIMPLE WORLDWIDE AGGREGATE EFFECTS

The results in Table 1 for the two different depamtdvariables, drug count
and drug investment, are nearly identical and Voltbe expected pattern. Drug
development by disease is positively associatedd wirldwide total deaths due
to each disease. However, deaths alone are a oradsure of demand intensity
and the effect is not statistically significancanventional levels.

Weighting deaths by lost years improves the pradigbower of the model.
The R? nearly doubles. The elasticity is almost 0.5; #ags that doubling person-
years lost increases drug development by 50 percent

Another way to interpret these coefficients is taenthat they imply that the
marginal drug on the market comes in responserntee@ian value of 8571 lives
lost, or 69,791 person-years lost, or $1 trillimedme-adjusted years lost. From
the healthcare-expenditure-adjusted years loshatts, we can say that an upper
bound on the market size necessary to bring a mag idto the market is $101
billion calculated at the median.

Weighting years-lost by income, property rights,healthcare expenditures
further improves the fit of the model, but diffeoeis among these effects are
slight?® The estimated elasticity is approximately the sasdound using years
lost. Based on these regressions, it appears thgtdvelopment is a worldwide
phenomenon based on the total economic loss fram diaease.

% The negative binomial econometric technique isltiseall regressions. The negative bino-
mial model is used because of the discrete natutteecdependent variables. Even though loar
vestment variable is not purely discrete, it is creatednfmyitiplying constants with discrete values,
thus using Negative binomial is still appropriate.

2 The R%s of the various regressions in Table 1 paint aightforward picture. Even so, we
perform some tests of goodness-of-fit. Arguablg, thgression of drug count dhis a nested test
of the regression of drug count ¥nbecause/; is Y; times per capita income raised to the expo-
nent of, alternatively, zero or one. Using thisitoghe likelihood ratio test statistic is 4.52, iaHn
is significant at the .04 level. Similarly, the tesbtest oH; compared toy; returns a test statistic
of 5.19, significant at the .03 level. The nestest bfW, compared td/; returns a test statistic of
.75, which fails to reject the null that weightimgome adjusted years lost by the freedom index
adds no explanatory power. Comparisons of the msadeludingY; andW, with those including
H; represent nonnested tests. We postpone thesestedriests to the results reported in Table 2.
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Table 1. Single Variable Regressions of New Drug Development on Worldwide M ortality
M easur es

Income and
Property-  Health Expen-
Income Ad- rights Ad- diture Ad-
Total Person- justed Years justed Years justed Years

Dependent Total Deaths  Years Lost Lost Lost Lost
Variable: (D) (Y) (Vi) (W) (H)
Elasticity 0.35 0.48 0.5 0.5 0.5
Coefficient (1.44) (0.32) (0.02) (0.05) (0.23)
Drug t-Stat [1.68] [3.74] [4.47] [4.53] [4.49]
Count Constant 3.27 3.05 2.98 2.97 2.97
R 0.11 0.21 0.27 0.28 0.28
Dispersion 1.25 1.11 1.03 1.01 1.01
Elasticity 0.33 0.46 0.47 0.47 0.48
Coefficient (2.39) (0.31) (0.02) (0.05) (0.21)
DrugIn- t-Stat [1.81] [3.88] [4.42] [4.48] [4.46]
vestment  Constant 6.88 6.66 6.63 6.62 6.62
R 0.10 0.19 0.24 0.25 0.25
Dispersion 1.22 1.11 1.05 1.04 1.04

Notes: Unit of observation is disease. Number afeotations is 49. Regressions estimated using imedahomial model.
The numbers on the top in each cell are elastgitiee numbers in parentheses are the estimatéfitizggs; the numbers
in brackets are robusstatistics. ReporteB’s come from an OLS regression of the logs of tledipted values from the
negative binomial models on actual dependent vigridbtal deaths is total number of people who died from each disea
worldwide (in millions).Total person-yearslost is the sum of discounted difference between expelde and the age of
death, times the number of deaths in each age gimepch country summed over all countries (iiam). Income
weighted total yearslost multiplies total years lost in each country by papita income; summed over all countries (in
trillions). Income and property-rights weighted total years|lost divides income weighted total years lost by Hegt&oun-
dation’s Freedom Index for each country; summed alleountries (in trillions)Healthcare expenditure weighted total
yearslost multiplies total years lost in each country by doeintry’s per capita healthcare expenditures; sedhaver all
countries (in trillions)Drug Count is the number of drugs in development stage faiquéar diseasdnvestment is drug
count weighted by the average R&D expenditure tage of development for each drug (in millions $US)

6.2. MARGINAL AGGREGATE EFFECTS

Next we try to parse out the effects among incopreperty rights, and
healthcare expenditures. Table A3 in Appendix Aegithe data and summary

statistics onv,, W, and h. Table 2 gives the results of the regression midel

cluding these measures.

Drug count and drug investment are regressed ahvatrldwide years lost to
each disease. Also included is the income of aeepadjent of the disease and the
average property-rights index across countriescasethe incidence of the dis-
ease. As an alternative, the healthcare expendiforethe average patient with
the disease are included in place of the averagmme and property-rights meas-
ure.
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Table 2. Isolating Demand Effectsin New Drug Development

Dependent Variables & Specifications

Drug Count Drug Investment
Independent Variables: (a) (b) (c) (d)
0.30 0.29 0.29 0.29
Total Person-Years LosYj (0.20) (0.20) (0.20) (0.19)
[2.73] [2.69] [2.76] [2.73]
1.44 1.04
Income (V) (0.10) (0.08)
[3.63] [3.03]
-3.05 -4.51
Property Right{W,) (-1.28) (-1.90)
[-2.35] [-3.57]
_ 1.92 1.77
Healthcare Expenditured) (1.50) (1.39)
[6.99] [6.48]
(4.55) (1.02) (10.07) (4.85)
Constant [2.82]  [3.20] [6.61] [16.47]
R 0.49 0.50 0.48 0.41
Dispersion 0.63 0.61 0.72 0.73

Notes: Observations are by disease; there are ghaitions. The numbers on the top in each cell are
elasticities. The numbers in parentheses are thificents estimated by negative binomial modele Th
numbers in brackets are the robiustatistics of coefficients. Report&s come from an OLS regres-
sion of the logs of the predicted values of theatigg binomial models on actual dependent variable.
Person-Years Lost is the worldwide total difference between life egfancy and age of deathcome

is the per capita income of the average victim dwitie. Healthcare Expenditures is the per capita
annual expenditures on healthcare for the averatjenworldwide. Property Rights is the Heritage
Foundation Freedom Index for the average victirthefdisease worldwide.

The results support the general argument that domgpanies are motivated

by demand-side factors. Average income is postive statistically significant.
Also, note that the elasticity of the effect of gebost is the same in all specifica-
tions. This implies that the model is fundamentatiyble. Lost person-years drive
the demand for drugs. On top of this, other fackange marginal effects.

However, the results also imply that the politiaad regulatory environment

affects drug research. The property-rights varidale the correct sign and is sta-
tistically significant: as the Heritage Foundatiomex moves toward stronger
property-rights institutions (i.e., from 5 towaryl dirug development increases.

The alternative to income and property rights thatuse to capture the poten-

tial economic value of lost person-years to drugnpanies is the average health-
care expenditures. This value is highly statislycaignificant. Healthcare expen-

http://www.bepress.com/bejeap/contributions/vol5/iss1/art28



Civan and Maloney: Pharmaceutical R&D 17

ditures are a direct measure of what is at stakenéev drug development, and
they represent a proxy for the actual drug pricesaaountry-by-country basis.
The healthcare-expenditure variable appears tosubstitute for the income and
property-rights specification.

We perform a nonnesteHtest of the alternative specifications: (a) verfas
and (c) versus (d) (see Green 2000, p. 302). Tedigied values of (a) are in-
cluded in (b) and vice versa. The same tests aferpeed for (c) and (d). Based
on these tests neither specification can be detlsuperior. The tests accept the
null in all cases; i.e., the predicted values frmwdel (a) when included in (b) are
statistically insignificant. The same is true foegicted (b) included in model (a),
and similarly for the tests run on models (c) aatd (

6.3. U.S.EFFeCT

Next, we disaggregate the incidence of diseased@ardo measure the relative
importance of demand around the world. We showessgons that control for the
disease impacts in three broad regions of the wtnkl United States, the Euro-
pean Union and other developed countries, andetsteof the world comprised of
underdeveloped countries. First, we repeat theifsg@ions shown in Table 1
disaggregating the independent variables into ttlese groups.

These regressions are shown in Table 3. The remdtslear. Table 3 shows
that the U.S. alone drives drug development. ARable 1, person-years lost are a
more powerful predictor than lives alone. Howeuer,Table 3, economically
weighting person-years lost does not add to thdigiee power of the model.
This is because person-years lost in the UniteteStrive the result. Since there
IS no variation in income, property rights, or libehre expenditures across dis-
eases in the construction of these various effectthe United States alone, they
add nothing to predictive power. However, theseabdes do have variation for
the other two regional aggregations. If the reghefworld mattered in determin-
ing drug development, it should show up more powlsrivhen disease incidence
is weighted by income or healthcare, but it dods no

The results say that as person-years lost in theetd&tates go up by 10 per-
cent, drug development goes up by around 7 per@eng development is not
related to mortality in other developed countriesnet, and as person-years lost
go up in the underdeveloped countries, drug devesop goes down.

The negative sign and statistical significancehim drug-count regressions on
person-years lost in underdeveloped countries septe a striking result. Not
only does the incidence of disease in underdevdlameintries not encourage
drug developmentt actually discouragesit.
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Table 3. The Effects of Disaggregated M ortality Acrossthe World on Drug Development
Dependent Variable: Drug Count
Other De- Under-
United veloped developed

Independent Variables: States  Countries Countries  Constant R°  Dispersion
0.68 0.14 -0.42
Deaths D)) (17.64) (1.62) (-3.78) (3.11) 0.22 1.06
[2.83] [0.76] [-2.67] [14.80]
0.68 0.03 -0.32
Person-Years Lost|) (2.91) (0.06) (-0.47) (3.02) 0.34 0.90
[3.36] [0.18] [-2.11] [14.69]
. 0.69 0.11 -0.42
'L”OCS‘;er)AdJ“Sted Years  g0g)  (0.01)  (-0.19) (3.04) 033 0.90
: [3.49] [0.57] [-2.37] [14.47]
Property-rights and In- 0.68 0.10 -0.41
come Adjusted Years (0.17) (0.02) (-0.55) (3.04) 0.33 0.90
Lost (W) [3.16] [0.50] [-2.34] [14.40]
0.70 0.11 -0.44

Health Expenditure Ad-

justed Yoars Lost{) (0.73)  (0.10)  (-2.82) (3.03) 0.34 0.88

[3.52] [0.61] [-2.41] [14.80]

Dependent Variable: Drug Investment

Other De-
United veloped Underdevelope
Independent Variables: States Countries Countries  Constant R*  Dispersion
0.69 0.05 -0.37
Deaths D;) (17.83) (0.58) (-3.34) (6.76) 0.23 1.07
[2.59] [0.26] [-2.36] [33.26]
0.75 -0.14 -0.20
Person-Years LosY|) (3.19) (-0.24) (-0.29) (6.64) 0.33 0.96
[3.44] [-0.72] [-1.25] [33.28]
. 0.73 -0.06 -0.28
'L”OCS‘;er)AdJUSted Years  509)  (:001)  (-0.13) (6.66) 0.32 0.95
: [3.63] [-0.34] [-1.41] [32.69]
Property-rights and In- 0.74 -0.08 -0.28
come Adjusted Years (0.18) (-0.01) (-0.38) (6.66) 0.32 0.96
Lost (W) [3.38] [-0.38] [-1.41] [32.63]
. 0.75 -0.07 -0.31
Health Expenditure Ad-— h 79y (90)  (-1.94) (6.65) 033 0.95

justed Years LostH;
J ) [3.66] [037]  [147]  [33.42]
Notes: The independent variables based on mortaityggregated across three parts of the woeddtlited States, The
European Union and other developed countries, ladesst of the world. Each row represents a separagative bino-
mial regression. The cells show elasticities, estirt coefficients in parentheses, and robssitistics in bracket$? is
obtained from an OLS regression of actual valuetheriog of the predicted values from the negatim@mial regression.
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6.4. EXPLAINING THE NEGATIVE SIGN

The negative relation between the incidence ofagiseand drug development
that we see in Table 3 for the underdeveloped cimsnis a perverse effect and
begs an explanation. Two have been offered by Da(2@04):

[Glovernments in countries with relatively highges have been increasingly
attempting to reduce their own drug expendituretaking advantage of lower
prices in other countries. Two strategies are eygaldo that end. The first re-
lies on cross-national price comparisons as a beadhfor regulating domestic
prices.

The second strategy is to permit wholesalers toitirugs purchased abroad
at lower prices. Such parallel importing is growindeurope and threatens to
expand significantly, as traditionally low-priceduntries join the European Un-
ion. [p. 1]

Our result is consistent with either or both ofs@xplanations. The implication
is that the prices of drugs in countries that haggotiated drug prices or coun-
tries that allow wholesale importation are pushear by low prices in other

countries. Thus, if pharmaceutical companies dgvdlags whose principal mar-
kets are countries with low prices, such as thestohel/eloped countries, they will
be forced to sell these drugs at low prices wortthyand hence will be unable to
recover their costs.

6.5. DISSECTING THE NEGATIVE EFFECTS

To further investigate the negative effect of midstan the rest of the world
on drug development, we re-estimate the regressibogn in Table 2 with the
independent variables disaggregated in similar feonTable 3. Table 4 shows
drug count and drug investment regressed on pemars lost in the United
States, person-years lost in other developed desntand person-years lost in
underdeveloped countries along with average incaamerage property rights,
and average healthcare expenditures in other deseloountries and in the rest
of the world. The income, property right, and heedire variables for the United
States are omitted because they are collinearyeihs lost in the United Stat&s.

Person-years lost in the United States are thelibas&ve are searching for
the impacts of income, property rights, and healthexpenditures in other de-
veloped and underdeveloped countries. So, for nestaTable 3 says that lost
person-years in developed countries have no impacirug development. Table
4 separates this out into income and property-sifgattors.

%0 Substituting healthcare expenditures for incomd property rights reduces predictive
power substantially. This suggests that the heatéiexpenditure effect found in Table 2 is a U.S.
phenomenon.
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Table 4. I solating Disaggr egated Demand Effects

Foecifications & Dependent Variables

Drug Count Drug Investment
Independent Variables: (a) (b) (c) (d)
. . 0.98 0.88 1.08 0.98
Total Person-Years Lost in the United
States ) (4.21) (3.79) (4.63) (4.22)
: [3.52] [2.88] [3.69] [3.06]
. -0.34 -0.14 -0.49 -0.31
Total Person-Years Lost in Developed
Countries §) P (-0.61)  (-0.24) (-0.88)  (-0.55)
! [-1.65] [-0.56] [-2.24] [-1.20]
7.49 8.23
Income in Developed Countriegt ) (0.32) (0.35)
[2.97] [3.50]
Property Rights in Developed Countries* -6.70 -6.96
(W) (-2.85) (-2.97)
' [-1.70] [-2.00]
Healthcare Expenditures In Developed (i-é;) (i-;g)
Countries* (h ' '
ountries™(h) [1.29] [1.62]
. -0.27 -0.37 -0.21 -0.28
Total Person-Years Lost in Under-
developed Countrie®) (-0.40) (-0.54) (-0.31) (-0.41)
: [-2.08] [-2.19] [-1.49] [-1.59]
Income in Underdeveloped Countries -0.54 -0.54
W) (-0.16) (-0.16)
' [-0.85] [-0.85]
Property Rights in Underdeveloped -17.80 -15.36
Countries(w) (-5.82) (-5.03)
' [-3.01] [-2.83]

Healthcare Expenditures in Underdevel- (8-23) ('8-%;)
d Countriegh ' e
oped Countrieh) [0.13] [:0.24]

(20.46) (-0.21) (21.19) (3.02)
Constant [3.37]  [-0.01] [3.75]  [L.25]
3 0.44 0.34 0.42 0.33
Dispersion 0.69 0.88 0.76 0.92

Notes: Observations are by disease; there are ghaitions. The numbers on the top in each ceklasticities. The
numbers in parentheses are the coefficients estthigt negative binomial model. The numbers in betckre the robust
t-statistics of coefficients. Report&s come from an OLS regression of the log of thelipted values of the negative
binomial models on actual dependent variaBéeson-Years Lost is the worldwide total difference between life exp
tancy and age of deatltncome is the per capita income of the average victimldwaide. Healthcare Expenditures is the
per capita annual expenditures on healthcare éatierage victim worldwiddroperty Rights is the Heritage Foundation
Freedom Index for the average victim of the diseestdwide. (*) Developed Countries excludes the United States.
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6.5.1. DEVELOPED COUNTRIES

For developed countries, the statistically sigaifit coefficients on income
and marginally significant coefficients on properights in Table 4 both have the
correct sign. That is, as income increases andepiypights become stronger,
more drugs are developed to meet the needs ofdpelation. However, these
impacts are offset by the negative sign on persarsylost.

Thus, we conclude that within the subsample of gesl countries, those
with low income and unfavorable property-rightstitugions actually discourage
drug development while those with high income aadofable property-rights
institutions encourage drug development by an tiffgpamount. That is, devel-
oped countries with high income and reasonable gotgpights institutions are
paying relatively high and relatively efficient peis for drugs. Alternatively, de-
veloped countries with low income and poor propeigits protection are paying
drug prices that are inefficiently low, so low iact that they actually discourage
drug development in diseases that affect their [adjons the most.

The perverse result that we see on net in the dedeloped world shows up
even in the developed world for some countriesthin subsample of developed
countries, the estimated perverse impact from sooumtries is consistent with
Danzon’s speculation in her second point above-sscshipment from countries
with low prices to countries with high prices.

6.5.2. UNDERDEVELOPED COUNTRIES

In underdeveloped countries, the negative net efdown in Table 3 is
shown to be almost totally a property-rights efféidie estimated impact for the
property-rights variable is over three times agedafor these countries as for de-
veloped countries in specification (a).

Overall, the conclusion is that the net negativepaot of underdeveloped
countries on drug development comes from the ceswith the worst property-
rights institutions. The implication is that drugges in these countries are so low
that drug companies avoid developing drugs thatidoon diseases primarily
prevalent in these countries because the reseasth cannot be recovered, even
from sales in the rest of the world.

Recognize that our data and methodology do notvalls to estimate the ef-
fect of disease and drug development on a countgelintries basis. The zero
impact that we see as an aggregate phenomenors dlceodeveloped countries is
odd and thenegative impact we see across the underdeveloped courdriesa-
doxical. Table 4 is one attempt to flesh this but, it is only suggestive.

6.6. OTHER CONSIDERATIONS

The reader should keep in mind that the dataset dokinclude all the coun-
tries in the world but only 71 of them. One migbnsider how the inclusion of
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the data of the other countries would affect theults. Table 1 lists the countries
for which the mortality data are available. As ectpd, most of the developed
countries' mortality data are available, while motihe less developed countries’
data are not available. Nonetheless, to the extanthe less developed countries
are represented in an unbiased fashion, the estih@asticities should be unbi-
ased.

There are a number of limitations of the data thaty weaken the results.
Mortality data only give information about the dased. It is clear that this is not
a perfect proxy for the economic years lost duthéodisease. Arguably, the mor-
bidity data used by Litchenberg (2005) would badrefThose data come from a
2002 WHO study: "Global Burden of Disease [GBD]eéMathers et al., 2003).
In the GBD project WHO estimated the damages cahgelb6 health problems
in terms of healthy person-years lost (DALY). Simadkilinesses do not affect the
life quality on the same level, the researchershasn WHO study weight each
health problem by combining expert opinions withvey answers. They attempt
to proxy the economic damages caused by each dis@440 also released mor-
tality data along with the DALY estimates as pdrthe GBD.

When we began this project the WHO data were ombjlable in interna-
tional region aggregations. The country by countaja have now been released,
and we applied our methodology to these data. Heweve have found serious
data discrepancies that lower our level of confagethat our model can employ
these data in their current form. We discuss tiesees in Appendix B; our opin-
ion is that the WHO GBD data are not suitable &t time to give an informative
corroborative test of our findings.

There are other limitations in our methodology. @nthat charitable founda-
tions, international organizations, many governrseahnd universities are active
in pharmaceutical research and development invegtnaand also purchase exist-
ing treatments from pharmaceutical companies. Theganizations and founda-
tions create extra demand that is not perfectlyaeted for in our data for the
drugs that are particularly effective in underdepeld countried® Our data do
account for the lost lives and years to which theg@nizations no doubt respond,
but weighting years by income in the underdevelopmehtries potentially under-
states the demand from charitable organizationsdfags to be used in these
countries. This is a potential explanation for tiegative sign on income for un-
derdeveloped countries in Table 4.

Another factor omitted from our analysis is thatcwies differ on the proc-
esses of drug approval in terms of requirementsntd, money, and probability
of getting the approval. This is clearly going fteat the investment decisions. If
Canadian drug approval is much cheaper and taksdilme than U.S. approval,

3L In a similar vein, the charitable contributions plyarmaceutical companies in terms of
cheap or free drugs to developing countries fortagublic relations reasons is not accounted for.
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ceteris paribus, companies are going to invest maor€anadian diseases than
U.S. diseases. Neither do we account for the siztheo drug industry in each

country. In a public choice framework, countrieshniarge domestic drug indus-
tries are more likely to have policies favorablete industry.

Finally, the index of market friendliness of couesr (the Heritage Foundation
index) is far more general than we would like itb®. Even though the United
States, Canada, and France have very similar lgeritadex numbers, their na-
tional drug policies significantly differ.

All of these problems contribute to some extenthi® prediction error of the
regressions. In spite of this, none appear to er@dtias, so the conclusions drawn
from the estimates stand.

7. CONCLUSIONS

Our research implies that research in the drugsimgus driven almost exclu-
sively by demand from the United States. Even thodgig companies market
drugs worldwide and collect a significant portiontatal industry revenues from
this source, this has almost no impact in motiatrug researcff The distribu-
tion of drug development across diseases is sys$iatha linked to the incidence
and harm caused by these diseases in the UnitéesStad not on net in other
countries. Indeed, there is evidence that demarsnme countries actually has a
negative effect in motivating drug development. Tlasmission mechanism of
this perverse effect is cross-country importatiotigies and the pricing formulas
of some countries that are based on the lowese @iovhich the drug is sold
worldwide. These policies make it unprofitable ®velop drugs to treat diseases
where most sales will be in low-price countries.

Our conclusions are striking and somewhat troulhesorhe troublesome as-
pect is that there is no straightforward policy limgition. Because drug develop-
ment is so strongly influenced by the United Stalesiand, changes in the drug-
pricing regime in the United States could signifita reduce the amount of drug
development. Our results show that much of theakste world is free-riding on
drug development induced by the high prices paidJl&. consumers, but stop-
ping the free-riding by forcing drug prices downthe United States to match
other countries may also stop the drug developrifditis not obvious that this
will improve welfare.

321MS Health (2004) reports that pharmaceutical canigs’ revenue from the United States
between May 2003 and May 2004 was $168 billion aliile combined sales in Canada, Ger-
many, France, Italy, UK, Spain, Japan, Australiaw\Zealand, Mexico, Argentina, and Brazil
was $162 billion at the same period.

3 To say that much of the rest of the world is friekag on U.S. consumers is true, but rec-
ognize that this comes at a cost in the sensedttigt companies do not focus their research on
diseases that are most important in these countries
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APPENDIX A
Table ALl. CountriesIncluded in Mortality Data
Country Life Expectancy Country Life Expectancy
Albania 70 Kyrgyzstan 65
Argentina 75 Latvia 70
Armenia 70 Lithuania 72
Australia 80 Luxembourg 79
Austria 80 Malta 78
Azerbaijan 66 Mauritius 72
Belarus 68 Mexico 74
Belgium 78 Netherlands 79
Belize 70 New Zealand 79
Brazil 69 Nicaragua 70
Bulgaria 72 Norway 79
Canada 80 Panama 75
Chile 77 Paraguay 72
Colombia 72 Peru 70
Costa Rica 77 Poland 75
Croatia 75 Portugal 77
Cuba 77 Republic of Korea 76
Czech Republic 76 Republic of Moldova 68
Denmark 77 Romania 71
Dominican Republic 68 Russian Federation 65
Ecuador 71 Singapore 80
El Salvador 70 Slovakia 74
Estonia 71 Slovenia 77
Finland 78 South Africa 51
France 80 Spain 80
Georgia 72 Sweden 80
Germany 79 Switzerland 81
Greece 78 Tajikistan 64
Hungary 73 Macedonia 72
Iceland 80 Turkmenistan 67
Ireland 77 Ukraine 67
Israel 80 United Kingdom 78
Italy 80 United States 77
Japan 82 Uruguay 75
Kazakhstan 64 Uzbekistan 68
Kuwait 76 Venezuela 74
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Table A2. Mortality Measures and New Drug Development by Disease

Income and
Total Income Property- Healthcare
Person-  Adjusted  rights Ad- Expenditure  Ratio
Total Years Years  justed Years Adjusted U.S to

Deaths Lost Lost Lost Years Lost Total Drug Drug
Cause of Death (D) () (V) (W) (H) Deaths Count  Investment
Cerebrovascular disease 1.8 6.3 94.26 39.04 8.19 00 0. 10 290
Other ischemic heart diseases 1.71 4.86 71.89 33.43 6.9 0.02 69 2879
Diseases of pulmonary circulation —; q 5.7 101.02 44.96 9.9 0.01 57 2726

and other forms of heart disease
Acute myocardial infarction 1 6.09 107.12 48.91 0R0. 0.03 20 830
Malignant neoplasm of other sites 0.75 6.74 126.53 56.88 11.81 0.09 346 11233

Malignant neoplasm of trachea,
bronchus, and lung

Pneumonia 0.51 4.32 40 16.25 3.42 0.18 30 1786

0.61 5.01 105.99 48.3 10.1 0.00 150 4701

Embolism thrombosis and other
diseases of arteries, arterioles, 0.42 1.12 19.65 8.94 1.85 0.37 59 2330
and capillaries

Other diseases of the respiratory

0.39 2.2 37.15 16.84 3.59 0.21 28 1056
system
Malignant neoplasm of colon 0.32 2.19 46.61 20.5 214 0.01 108 3019
Diabetes mellitus 0.32 2.06 33.03 14.87 3.14 0.00 3 9 3686
Bronchitis chronic and unspecified g 3, 1.32 20.35 8.99 1.86 0.04 48 2389
emphysema and asthma
Malignant neoplasm of stomach 0.26 2.04 34.26 13.29 2.73 0.12 23 624
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Income and
Total Income Property- Healthcare
Person-  Adjusted  rights Ad- Expenditure  Ratio
Total Years Years  justed Years Adjusted U.S to
Deaths Lost Lost Lost Years Lost Total Drug Drug

Cause of Death (D) () (V) (W) (H) Deaths Count  Investment
Hypertensive disease 0.24 1.08 15.76 7.21 1.58 0.14 26 1474
Chronic liver disease and cirrhosis 0.22 3.16 49.04 21.4 4.46 0.05 15 499
Malignant neoplasm of breast 0.21 2.24 43.85 20.14 4.2 0.18 104 3847
Malignant neoplasm of prostate 0.15 0.5 10.63 4.85 1.01 0.06 107 3131
Nephritis nephritic syndrome and , ;5 1.06 13.04 5.43 1.16 0.25 4 140

nephritis
Other malignant neoplasm of lym-, , 5 1.29 25.66 11.72 243 020 117 3461

phatic and haemopoietic tissue
Leukemia 0.1 1.27 20.25 8.95 1.86 0.09 51 1898
Tuberculosis of respiratory system 0.1 1.45 5.34 851. 0.39 0.23 3 125
Malignant neoplasm of liver 0.09 0.96 21.46 7.98 671. 0.18 27 892
Malignant neoplasm of esophagus 0.08 0.67 13.86 6 5.9 1.24 0.18 11 327
Benign neoplasm other and un- 0.06 0.61 10.41 4.43 0.92 0.21 18 696

specified neoplasm
Malignant neoplasm of bladder 0.06 0.33 6.96 3.15 .640 0.28 17 474
Ulcer of stomach and duodenum 0.06 0.36 4.3 1.82 36 0. 0.12 8 502
Malignant neoplasm of lip oral 0.06 0.71 12.13 5.33 1.13 0.20 1 18

cavity and pharynx
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Table A2. Mortality Measures and New Drug Development by Disease
Income and
Total Income Property- Healthcare
Person-  Adjusted  rights Ad- Expenditure  Ratio

Total Years Years  justed Years Adjusted U.S to

Deaths Lost Lost Lost Years Lost Total Drug Drug
Cause of Death (D) () (V) (W) (H) Deaths Count  Investment
HIV disease 0.05 1.32 25.09 12.1 2.64 0.34 101 3478
Other endocrine and metabolic 0.05 0.61 11.99 5.58 1.18 0.16 92 3708

diseases
Malignant neoplasm of cervix uteri 0.05 0.6 7.62 343. 0.69 0.30 22 511
Other intestinal infectious diseases 0.05 1.61 539 1.88 0.44 0.24 7 140
Other viral diseases 0.03 0.5 8.09 3.47 0.73 0.06 3 8 3581
Anemia 0.03 0.31 3.36 1.43 0.3 0.18 10 352
Other diseases of blood and blood- ; , 0.23 3.67 1.61 0.34 0.21 25 1316
forming organs

Epilepsy 0.02 0.54 5.39 2.33 0.46 0.15 23 947
Infections of kidney 0.02 0.12 0.74 0.29 0.06 0.21 1 86
Multiple sclerosis 0.01 0.16 3.04 1.45 0.3 0.09 27 937
Influenza 0.01 0.08 0.81 0.33 0.07 0.11 12 517
Other bacterial diseases 0.01 0.07 0.96 0.42 0.09 18 0 9 350
Hyperplasia of prostate 0.01 0.01 0.11 0.05 0.01 170. 7 345
Other arthropod-borne diseases 0.01 0.08 0.27 0.09 0.03 0.08 2 47
Other diseases of circulatory sys- 0.01 0.12 1.95 0.86 0.19 0.08 1 o

tem
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Table A2. Mortality Measures and New Drug Development by Disease
Income and
Total Income Property- Healthcare
Person-  Adjusted  rights Ad- Expenditure  Ratio

Total Years Years  justed Years Adjusted U.S to

Deaths Lost Lost Lost Years Lost Total Drug Drug
Cause of Death (D) () (V) (W) (H) Deaths Count  Investment
Sexually transmitted diseases 0 0.04 0.15 0.06 0.01 0.29 18 633
Malaria 0 0.03 0.12 0.05 0.01 0.09 11 439
Meningococcal infection 0 0.14 1.24 0.57 0.11 0.09 8 368
Typhoid and paratyphoid fever 0 0.02 0.05 0.02 0 120. 3 71
Tetanus 0 0.01 0.06 0.02 0 0.17 3 259
Whooping cough 0 0.01 0.07 0.03 0.01 0.04 2 173
Appendicitis 0 0.06 0.5 0.22 0.05 0.06 1 86
Mean 0.24 1.48 23.90 10.56 2.21 0.14 41.18 1497.98
Sandard Deviation 0.40 1.87 32.64 14.61 3.06 0.09 58.78 1946.11
Median 0.06 0.67 10.63 4.85 1.01 0.14 20.00 633.00
Max 1.80 6.74 126.53 56.88 11.81 0.37 346.00 11233.00
Min 0.00 0.01 0.05 0.02 0.00 0.00 1.00 18.00

Notes:Total deaths: Total number of people who died from each diseasddwide (in millions).Total person-yearslost: The sum of discounted difference between expected
life and the age of death, times the number offdeiateach age group, in each country, summedadvenuntries (in millions)lncome weighted total yearslost: Multiplies

total years lost in each country by per capitamepsummed over all countries (in trillions)come and property-rights weighted total yearslost: Divides income weighted
total years lost by Heritage Foundation’s Freedodex for each country, summed over all countriegr{llions). Healthcare expenditure weighted total yearslost: Multiplies
total years lost in each country by the countrgs gapita healthcare expenditures, summed oveoatitries (in trillions)Drug Count: Number of drugs in development

stage for particular diseadevestment: Drug count weighted by the average R&D expendifor stage of development for each drug (in miliGUS).
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Table A3. Summary Statistics of Average Patients by Disease
Cause of Death ) (h) W)
Typhoid and paratyphoid fever 2.30 0.13 2.89
Other intestinal infectious diseases 3.36 0.27 2.87
Tuberculosis of respiratory system 3.70 0.27 2.88
Whooping cough 6.35 0.54 2.49
Meningococcal infection 8.97 0.83 2.17
Tetanus 4.17 0.35 2.84
Other bacterial diseases 14.23 1.33 2.28
HIV disease 19.07 2.01 2.07
Other viral diseases 16.25 1.46 2.34
Malaria 3.96 0.40 2.61
Other arthropod-borne diseases 3.39 0.41 291
Sexually transmitted diseases 3.42 0.33 2.66
Malignant neoplasm of lip, oral cavity, and pharynx 17.19 1.60 2.28
Malignant neoplasm of oesophagus 20.64 1.84 2.32
Malignant neoplasm of stomach 16.75 1.33 2.58
Malignant neoplasm of colon 21.33 1.92 2.27
Malignant neoplasm of liver 22.45 1.74 2.69
Malignant neoplasm of trachea, bronchus, and lung 1.1 2.02 2.19
Malignant neoplasm of breast 19.60 1.88 2.18
Malignant neoplasm of cervix uteri 12.60 1.14 2.28
Malignant neoplasm of prostate 21.36 2.02 2.19
Malignant neoplasm of bladder 20.80 1.92 2.21
Malignant neoplasm of other sites 18.77 1.75 2.22
Leukemia 16.00 1.47 2.26
Other malignant neoplasms of lymphatic and haen&tjgoi

tissue 19.95 1.89 2.19
Benign neoplasm other and unspecified neoplasm 617.0 1.51 2.35
Diabetes mellitus 16.03 1.52 2.22
Other endocrine and metabolic diseases 19.66 1.94 15 2
Anaemias 10.74 0.98 2.35
Other diseases of blood and blood-forming organs 9815 1.49 2.28
Multiple sclerosis 19.27 1.89 2.09
Epilepsy 9.97 0.85 2.31
Hypertensive disease 14.64 1.47 2.19
Acute myocardial infarction 17.58 1.65 2.19
Other ischemic heart diseases 14.79 1.42 2.15
Diseases of pulmonary circulation and other forifniseart

disease 17.71 1.74 2.25
Cerebrovascular disease 14.95 1.30 241
Embolism thrombosis and other diseases of artaiésyioles,

and capillaries 17.56 1.65 2.20
Other diseases of the circulatory system 16.35 1.60 2.27
Pneumonia 9.26 0.79 2.46
Influenza 9.95 0.83 2.44
Bronchitis chronic and unspecified emphysema atithaes 15.37 1.41 2.26
Other diseases of the respiratory system 16.89 1.632.21
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Table A3. Summary Statistics of Average Patients by Disease

Cause of Death (V) (h) (W)
Ulcer of stomach and duodenum 11.88 1.01 2.36
Appendicitis 8.65 0.78 2.31
Chronic liver disease and cirrhosis 15.50 1.41 2.29
Nephritis nephrotic syndrome and nephrosis 1230 091. 2.40
Infections of kidney 6.28 0.51 2.50
Hyperplasia of prostate 11.34 0.95 2.37
Mean 13.83 1.27 2.37
Sandard deviation 5.83 0.56 0.22
Median 15.50 1.42 2.28
Max 22.45 2.02 2.91
Min 2.30 0.13 2.07

Notes:Income (V) is the per capita income of the average victim dwidle. Healthcare Expenditures (H) is the per

capita annual expenditures on healthcare for tieeage victim worldwideProperty Rights (W) is the Heritage Founda-
tion Freedom Index for the average victim of theedise worldwide. All in $1000.
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APPENDIX B

The following are two tables reporting the resolt@pplying our methodology to
the 2002 WHO Global Burden of Disease data. Innioetality data released in
the GBD, WHO reports total deaths and age-adjudeadhs. The methodology
that they use to get age-adjusted deaths appearsiveilar to ours. They say,
“The years of life lost (YLL) basically correspoital the number of deaths multi-
plied by the standard life expectancy at the aget @fhich death occurs®How-
ever, when we correlate total deaths and age-adjud#aths in the United States
using the GBD data, we get a correlation coeffic@n.995. There is almost no
difference. The same correlation for our data wehdcorrelation coefficient of
.933% This is not a huge difference, but it appears sothat the WHO age-
adjustment method is different from ours. RecadhfrTable 1, our results are
largely driven by age-adjusting the 1997 mortatigta. So this is a substantive
issue.

When we use the GBD data, our results are repticatejualitative form in
the mortality dataset. Table 4a below mirrors Tabla the text. The results are
the same but the goodness of fit and significamsel$ are lower. Using the
DALY data, which measure morbidity in addition tertality, the basic relation
between the economic harm from disease and drugiamwment shows up. Table
2a below shows the regression of drug counts and development investment
on DALY and income, property rights, and healthecaxpenditures per lost man
year due to disease aggregated across the entilek Whe results are very similar
to those reported in Table 2 in the text except tihe goodness of fit is substan-
tially lower. However, when we try to separate LY effects by region, we
find nothing.

Our efforts with the GBD data raise questions amdare pursuing this re-
search. Interested readers can get updates oresuitsrat our web sites and are
welcome to query us for additional information tiege curious findings (as well
as anything else). But our opinion is that the WB8D data are not suitable at
this time to give an informative corroborative tesbur findings.

3 From the notes page of the spreadsheet contaiméndata available from:
<www3.who.int/whosis/menu.cfm?path=whosis,burdergban_estimates,burden_estimates_2002
N,burden_estimates_2002N_2002Rev_country&languaggldh> on April 11, 2006.

% These correlations are for the 25 diseases fochwttiere is a perfect match between the
GBD mortality data and the 1997 mortality tableshell we look at all the disease categories in
the GBD data, the correlation for the United Stée899; however, the correlation for the sum of
all countries is .942, which is more like the ctation in our data. This same set of correlations
for the morbidity data are .98 for the United Stadexd .86 for world-wide aggregates. It appears
that the age adjustment is in error for some, lotatl countries, and in particular for the United
States.
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Table 2a. I solating Demand Effectsin New Drug Development using GBD DALY Data

Soecifications & Dependent Variables

Drug Count Drug Investment
Independent Variables: (a) (b) (c) (d)
0.21 0.23 0.22 0.24
DALY (e+10) (1.95) (2.11) (2.07) (2.23)
[2.91] [3.11] [3.32] [3.61]
0.40 0.17
Income (7.35e-5) (3.22eb)
[1.10] [0.48]
-3.58 -2.88
Property Rights (-1.47) (-1.19)
[-3.03] [-2.43]
1.12 0.76
Healthcare Expenditures (0.002) (0.001)
[3.87] [2.79]
(6.46) (2.18) (9.32) (5.86)
Constant [3.83] [5.07] [5.75]  [14.29]
R 0.18 0.15 0.16 0.15

Notes: Observations are by disease; there are &haitions. The numbers on the top in each ceklasicities.
The numbers in parentheses are the coefficientaasd by negative binomial model. The numbersratkets are
the robust-statistics of coefficients. Report&s come from an OLS regression of the predictedegabi the nega-
tive binomial models on actual dependent variabILY is the worldwide disability adjusted healthy yelmst for

a given diseaséncome is the per capita income of the average victimlawaide. Healthcare Expenditures is the
per capita annual expenditures on healthcare &éaterage victim worldwidéroperty Rights is the Heritage

Foundation Freedom Index for the average victirthefdisease worldwide.
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Table 4a. | solating Disaggregated Demand Effectsusing GBD Mortality Data

Foecifications & Dependent Variables

Drug Count Drug Investment
Independent Variables: (a) (b) (c) (d)
0.25 0.22 0.17 0.19
Mortality in the United States (0.01) (8.85e-3) (7.15e-3)  (7.70e-3)
[1.48] [1.44] [1.12] [1.22]
0.05 -0.04 -0.06 -0.18
Mortality Developed Countries* (1.08e-3) (-2.05e-3) (-1.29e-3) (-4.47e-3)
[0.21] [-0.34] [-0.28] [-0.79]
1.33 0.61
Income in Developed Countries* (4.48e-5) (2.04e-5)
[1.11] [0.69]
Property Rights in Developed Coun- 320 2.81
fries* (1.45) (1.30)
[0.73] [0.70]
: 2.63 1.78
Healthcare Expenditures In Devel-
oped Countrieg* (1.14e-3) (7.70e-4)
[1.87] [1.47]
o -0.11 -0.05 0.04 0.07
i\/lrig;tahty in Underdeveloped Coun- (-1.31e-4) (-6.57¢-5) (4.92e5)  (8.34e-5)
[-1.09] [-0.41] [0.53] [0.61]
-0.45 -0.51
Income in Underdeveloped Countries (-2.81e-4) (-3.20e-4)
[-0.57] [-0.76]
Property Rights in Underdeveloped -17.22 "15.22
Countries (-541) (-4.79)
[-3.74] [-3.74]
Healthcare Expenditures in Underde- (2?2&3) (312&4)
veloped Countries [0.63] [0.29]
(16.73) (0.77) (19.17) (5.13)
Constant [2.10]  [0.57] [2.66] [4.48]
R 0.30 0.17 0.25 0.07

Notes: Observations are by disease; there are &adtions. The numbers on the top in each ceklasticities. The
numbers in parentheses are the coefficients estthiat negative binomial model. The numbers in betchre the ro-
bustt-statistics of coefficients. Report®is come from an OLS regression of the predictedegadi the negative bino-
mial models on actual dependent variableome is the per capita income of the average victimldwide. Healthcare
Expendituresis the per capita annual expenditures on healthfoarthe average victim worldwidBroperty Rights is the
Heritage Foundation Freedom Index for the averagf@v of the disease worldwide. (F)eveloped Countries excludes
the United States.
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