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EXECUTIVE SUMMARY

P his study provides a life cycle perspective on cross-national differ-

A ences in pharmaceutical prices, volumes and expenditures. Most
previous studies have focused solely on cross-national differences in
drug prices, comparing prices for a small sample of branded products
at a single point in time. However, policymakers are increasingly con-
cerned with total drug expenditures, which reflect volume and average
prices for all products. Similarly, the pharmaceutical industry, in mak-
ing decisions about pricing and launch of a drug in different countries,
is concerned not only with launch price but also with the total life
cycle profile of price, volume and lifetime return on investment.
Globally, both policymakers and industry should be concerned with
the relative contributions of different countries to the common costs
of pharmaceutical research and development (R&D). These relative
contributions depend not only on relative prices but also on per capi-
ta consumption and hence total expenditures.

The life cycle price, volume and expenditure profiles reported here
address some of these policy and corporate questions, while also mak-
ing a contribution to the methodology of cross-national comparisons
for medicines.

In this study we use comprehensive data on outpatient sales for all
drugs in seven countries (Canada, France, Germany,! Italy, Japan, the
UK, and the US) for the period 1981-1992 to provide cross-national
comparisons of the profiles for average price, per capita volume and
expenditure over the life of a molecule. Since our price data are at the
manufacturer level, our measures can be interpreted as per capita
expenditure on pharmaceuticals from the payer’s perspective or per
capita revenue from the manufacturer’s perspective. The life cycle
expenditure profiles are also converted to a discounted present value at
launch, which provides a rough summary measure of each country’s
per capita contribution to the common costs of R&D.

Although the concepts of this analysis are simple, implementation
of cross-national comparisons for pharmaceuticals is complex because

1 Germany here refers to former West Germany.
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of the great variety of compounds, products and presentations within
and across countries. Our analysis focuses primarily on ‘global’
molecules, defined as molecules that are available in all seven coun-
tries. Because these global molecules are less than one third of all the
molecules available in each country, we also report results for a larger
sample of each country’s ‘US-matched molecules,” defined as
molecules that are available in that comparison country and in the US.
Some results are also reported for molecules that are available in the
comparison country but not in the US (‘local molecules’), since these
are an important component of total pharmaceutical expenditures in
some countries.

There were 196 global molecules in 1992, with 15-46 at each
molecule age. The economic life of a molecule may last 30 years or
more. However, with our sales data for nine years of the period 1981-
1992 we have sales information for at most nine ages for each
molecule. We therefore construct ‘synthetic’ age profiles based on the
drugs observed at each age during our sample period. Specifically,
using the molecule as the unit of analysis, we construct age profiles for
each country for mean and median price per standard unit and per
gram; number of units and grams consumed per capita; and per capi-
ta expenditures or revenues. We report the discounted present value
of life cycle per capita revenue for a 12 year life, which corresponds
roughly to life under patent protection, and for a 30 year life, which
includes post-patent experience.

Results are reported in US dollars, using two alternative measures
to convert local currency to US dollars. The measures that use current
exchange rates at the date of sale provide a measure of the revenues
that would accrue to a manufacturer in US dollars. The measures that
use the exchange rate that prevailed at the date of molecule launch net
out the effects of post launch exchange rate fluctuations, to provide an
indicator of life cycle price and revenue profiles in the local currency
units of each country.

The age-volume profiles follow an inverted U. Annual volume
sold per molecule increases for the first decade after launch in all coun-
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tries, reflecting the rate of diffusion of new drugs after launch.
Diffusion is particularly rapid in France, Canada and the US, while
diffusion is slower in Germany and the UK. Experience in the second
decade after launch reflects post-patent experience and patients
switching to newer molecules. Per capita volume remains relatively
high in France and Canada; in Germany and the UK volume contin-
ues to increase, whereas volume levels off and declines in the US. The
UK has the lowest mean per capita volume at early ages but among the
highest per capita volume at older ages, indicating slow diffusion and
conservative prescribing in the UK, compared to other countries.

Although Irtaly, Japan, Germany and France are generally viewed as
having very high per capita drug consumption in aggregate, these coun-
tries do not have abnormally high consumption of the global
molecules, with the exception of France (and possibly Japan, for which
the outpatient sales data used here are a smaller fraction of total sales
than for other countries). Thus to the extent that total drug consump-
tion is relatively high in Iraly and Germany, this reflects a relatively
large number and high per capita consumption of local and other less-
er molecules rather than high consumption of global molecules.

For prices, the means show the US having the highest launch
prices, followed by Germany and the UK, with France lowest.
However, there is wide dispersion of individual molecule prices
around these means, such that the differences between countries’
means are not statistically significant at conventional levels. By age 12
(i.e. by the time a molecule has been on the market 12 years), US
prices are generally higher than other countries, using either mean or
median price per standard unit (PSU), but the standard deviation for
PSU is also higher in the US than elsewhere. For all countries, the
mean and median values for real price (adjusted for GDP inflation)
decline over the life cycle. This decline is generally less in local cur-
rency than when prices are measured in dollars, because the dollar
measures also reflect post-launch exchange rate changes.

The life cycle profiles in per capita revenue also generally follow an
inverted U, but with differences across countries that reflect their dif-
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ferent price and volume profiles. Per capita revenues continue to
increase in the US and Canada from age five through age 10, but in
other countries per capita revenue starts to decline around age five,
because the decline in prices more than offsets the continued increase
in volume. The US has consistently higher mean revenues per capita
than other countries from age 10 onward, because mean US prices
decline less steeply with age than in other countries. However, the US
differential is smaller for median values than for mean values, indicat-
ing that ‘block buster’ molecules have a relatively greater impact on the
mean in the US. The US differential is also smaller using launch date
exchange rates than sales date exchange rates. This implies that at least
some of the decline in sales measured in US dollars for non-US coun-
tries reflects exchange rate movements in their currencies relative to
the dollar, rather than pure domestic price declines.

The country rankings for life cycle revenue per capita are quite dif-
ferent than for the usual single point-in-time price level comparisons.
Whereas France has the lowest 1992 price level relative to the US (30
to 58 percent lower, depending on the weights used), in terms of 12-
year per capita life cycle revenues France, Canada and Italy are 96 per-
cent of US values (using a 10 percent discount rate). Comparing
30-year per capita life cycle revenues, France ranks second, at 94 per-
cent of the US (using a 10 percent discount rate), followed by Canada
at 91 percent and Italy at 86 percent. The UK ranks lowest or second
lowest in life cycle revenues. Although Germany has relatively high
prices, Germany rivals the UK for bottom place in terms of per capi-
ta revenues per molecule. Revenues in Germany are only 55-58 per-
cent of US levels for the first 12 years; German sales rise to 62-66
percent of US sales for the full 30 years, with the increase reflecting the
higher per capita consumption of older molecules in Germany than in
the US.

For all countries, per capita revenue is highest for global molecules,
confirming that these widely diffused molecules are relatively valuable
drugs. For most countries, their US-matched molecules generally
have higher per capita revenue than their local molecules. The excep-
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tions are France and, to a lesser extent, Germany, where mean per
capita revenue for local molecules exceeds per capita revenue for US-
matched molecules for some molecule age ranges, depending on the
discount and exchange rates used. This confirms that the relatively
high per capita expenditure on drugs in France and Germany partly
reflects the large number of local molecules and the high expenditure
per local molecule, rather than high expenditure on global molecules.
Per capita expenditure on local molecules is lowest in the UK and the
US (‘local molecules’ for the US are defined as molecules that are avail-
able in the US but not in Germany, which has the most molecules of
all seven countries). Thus the UK and the US are similar in focusing
more of their total drug spending on globally diffused molecules,
which are more likely to be of relatively high clinical value, assuming
that broad diffusion and high sales are indicators of relatively high
clinical value.

The estimates of discounted present value of lifetime expenditure
per capita for the average molecule provide a rough measure of dis-
counted lifetime gross revenues to manufacturers in different coun-
tries. These estimates also provide a very rough measure of the per
capita contribution of different countries to the common costs of
R&D. However, we draw no conclusions — and none should be
drawn — on the appropriateness of each country’s contribution,
because identifying appropriate contributions is a complex issue that
is beyond the scope of this paper and because our measures are imper-
fect, due to the limitations of the data.

In reviewing these estimates, the following limitations of the data,
should be borne in mind:

® First, our expenditure measures correspond to gross, not net,

revenues to manufacturers — they do not net out costs, which
may differ across countries;

® Second, the market and regulatory environment has changed

in most countries since the period of our data, hence life cycle
profiles and relative revenues across countries may have

changed;

1
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® Third, our estimates of revenues for the molecule overstate life
cycle revenues for originator products in countries where
generics capture significant market share, notably the US, the
UK, Canada and Germany;

® TFourth, our estimates of prices and manufacturer revenues are
upward biased in the UK and the US, because the price data
do not reflect manufacturer discounts given to pharmacists in
the UK and to managed care and public purchasers in the US;

® Finally, our results focus on average price, volume and revenue
across molecules. In fact the experience of each molecule is dif-
ferent, with significant variation around the average.

Despite these limitations, this study uses more comprehensive data
and provides more comprehensive evidence than previous studies of
cross-national comparisons. Life-cycle sales profiles have previously
been reported only for the US (Grabowski and Vernon, 1990). This
study extends this approach to other countries and shows the contri-
bution to the overall sales profiles of price and volume components.

The results here clearly demonstrate significant cross-national dif-
ferences in life cycle profiles of price, per capita volume and expendi-
tures, with important differences between global and local products.
The estimates of discounted life cycle revenue per capita suggest dif-
ferent rankings of countries than the more common comparisons
based solely on prices in a single year. Thus these findings should con-
tribute to thinking about cross-national differences for policy purpos-
es and for corporate decision-making,.



1 INTRODUCTION?2

Cross—national price comparisons are increasingly being used by
governments as a benchmark for regulating pharmaceutical
prices, at launch and over the life cycle. Italy, Canada, the
Netherlands, Denmark, Spain and many other countries regulate their
domestic prices based on prices in other countries. Similar proposals
have been made for the US. For example, President Clinton’s Health
Security Act (1993) proposed using the lowest price in a group of over
20 countries as a benchmark for regulating new product prices.
International price comparisons are also used informally, as one
benchmark to evaluate the regulatory regimes, in many other coun-
tries, including the UK and Japan.

Previous international comparisons have focused on the compari-
son of prices at a single point in time, usually using a small sample of
leading branded drugs.3 However, if such comparisons are to be used
for setting prices either at launch or later in a products life, then a life
cycle perspective is more appropriate, since the economic life of inno-
vative drugs may exceed 30 years and the age-price profiles differ great-
ly across countries.

From the policy perspective of measuring cross-national differ-
ences in drug prices on average, the differences in age-price profiles
imply that point-in-time price comparisons that use small samples
may be seriously biased if based on a sample of drugs that is not rep-
resentative of drugs at all ages. For example, the US GAO (1992) con-
cluded that US prices were over 30 percent higher than Canadian
prices, based on a sample of only 72 branded products. But Danzon
and Chao (2000a) using comprehensive data on drug sales in 1992
found essentially no difference between Canadian and US prices at

2 This study was supported by a grant from Pfizer Inc. to the University of
Pennsylvania for the study of international price comparisons for pharmaceuticals. The
data were provided by IMS. The views expressed here are those of the authors and are
not necessarily shared by the research sponsors.

3 For example, BEUC (1989); US GAO (1992, 1994); US House of Representatives
Minority Staff (1998).

13
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that time. The broader age mix in the latter study was one factor con-
tributing to these very different conclusions.4 Similarly, Bernd et al.
(1993) show that measures of drug price inflation reported by the US
Bureau of Labor Statistics were significantly upward biased, in part
due to sampling from a limited age range of drugs.

From a social welfare perspective, optimal price differentials across
countries should be based on Ramsey pricing principles (Ramsey, 1927;
Baumol and Bradford, 1970). Ramsey pricing principles address the
question of optimal price variation across consumer groups who all ben-
efit from a common resource with joint costs, such as electricity gener-
ating capacity. These principles are appropriately applied to paying for
pharmaceutical R&D, since the costs of drug discovery, development
and proof of safety and efficacy are largely joint costs that benefit con-
sumers in all countries (Danzon, 1997a,b). Optimal price differentials
and country-specific contributions to these common costs depend on
the full life cycle demand structure in different countries.

The purpose of this paper is to present evidence on cross-national
differences in the life cycle profiles of pharmaceutical prices, volume of
units sold and expenditures for seven major pharmaceutical markets:
Canada, France, Germany, Italy, Japan, the UK and the US. Volume
is normalized by population to yield a measure of per capita con-
sumption that is independent of overall market size. We also report
the mean revenue per molecule in different countries over the entire
life cycle, in terms of discounted present value as of the date of launch,
using alternative discount rates. These lifetime revenue estimates pro-
vide a better measure of the relative contribution of different countries
to the common costs of research and development (R&D), than do
the single point-in-time price comparisons reported in previous stud-
ies. However, determining optimal relative contributions to R&D
costs and whether the actual contributions are roughly optimal are
beyond the scope of this study.

4 Other factors contributing to the difference were the US GAO (1992)’s exclusion of
all generics and use of an unweighted average of prices, rather than a weighted mean.
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Differences in market and regulatory conditions are expected to
contribute to significant differences in the life cycle price and volume
experience of drugs in different countries, in addition to medical
norms. In the US, in the 1980s prices often rose in the early years
after launch of a new drug, plausibly reflecting penetration pricing
strategies (Lu and Comanor, 1994; Reekie, 1978). After patent expiry,
aggressive generic entry and price competition led originator brands to
adopt a market segmentation strategy. Rather than compete on price,
the originator brand usually abandons the price sensitive market to
generics, raising the brand price to the more price inelastic, brand loyal
market segment. However, the average price of the molecule (volume-
weighted average across products) could fall, depending on the gener-
ic share.

In fact, post-patent generic erosion of brand market share acceler-
ated in the US in the late 1980s, following the Waxman Hatch Act,
which lowered the regulatory requirements for generic entry. The
growth of managed pharmacy benefit plans, with strong generic sub-
stitution policies, accelerated this trend in the 1990s. Thus major
brand products typically lose 60 percent or more of the market to
generics within the first year of patent expiration. Despite a reduction
in the weighted average molecule price after patent expiration, Caves
et al. (1991) found no increase in total unit volume for the molecule,
possibly because the effect of the lower generic price is offset by the
reduction in promotion by brand manufacturers. Thus in the US,
market characteristics and returns to the originator change drastically
at patent expiration.

By contrast, in countries such as France, Italy and Japan, regula-
tion of prices or reimbursement leads to a steady downward trend in
real (inflation adjusted) prices after launch, mitigated possibly by the
introduction of line extensions or new dosage forms of the molecule
that qualify for a higher price (Ikegami et al., 1994; Danzon and
Chao, 2000b). Generic entry and generic market shares after patent
expiration are very small in these countries, plausibly because of little
profit potential in the face of price insensitive demand and low oper-

15
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ating margins on brand products by the time of patent expiration.
Markets in the UK, Canada and Germany are more like the US, in
that generics enter and gain significant market share after patent
expiry; however, price competition is less intense than in the US
(Danzon and Chao, 2000b, ¢) and originator products retain a larger
market share relative to generics.

The data used in this analysis of life cycle profiles are drawn from
comprehensive IMS data on all pharmaceutical sales through retail
pharmacies at manufacturer prices, during the period October 1981-
September 1992, excluding 1985 and 1987. We use these data to con-
struct a mean and median price, per capita volume and expenditure
(or revenue) for the sample of drugs observed at each molecule age,
defined as years since launch. This provides data on sales experience
at each age in a drug’s life cycle, which we use to calculate the present
value of lifetime revenue.

Our unit of analysis is the molecule or active ingredient, including
all products in that molecule, regardless of manufacturer, because the
database does not distinguish originator, licensee and generic prod-
ucts. Because our molecule sales estimates include sales that accrue to
generics, our revenue estimates overstate revenues to originator firms
in countries with significant generic market shares, such as the UK, the
US, Germany and Canada. Since revenues while on patent accrue pri-
marily to originator firms, we report a discounted present value of life-
time revenues through to age 12, as a rough estimate of patent life, in
addition to 30-year life cycle estimates. The 12-year life estimates can
be interpreted as representing originator returns assuming total gener-
ic erosion after patent expiry. For the 30-year life, discounting miti-
gates the potential bias in cross-country comparisons due to
differences in post-patent generic shares. We report the average num-
ber of manufacturers per compound at different ages for each country,
to provide some evidence on the role of licensees and generics.

Having data on the full universe of sales enables us to provide evi-
dence on some of the important differences in the types of drugs avail-
able in different countries, their market shares and characteristics.
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Our main focus is on ‘global molecules,” defined as molecules that are
available in all seven countries studied. Because these are fewer than
one third of the molecules in each country, we also report some com-
parisons based on each country’s ‘US matched molecules,” which com-
prise all the molecules that are available in that country and the US,
and on its ‘local molecules,” defined as molecules that are available in
that country but not in the US. The differences between life cycle
profiles for global drugs and local drugs provide some insights into the
importance of local products in different markets and are suggestive of
different regulatory treatment of local and global products in some
countries.

The data used in this study have several limitations for purposes of
calculating net returns to innovation. In particular, the data do not
report costs and do not distinguish originator from generic manufac-
turers. Nevertheless, these data are far more comprehensive and hence
provide more detailed and robust evidence than previous studies of
cross-national comparisons. Life cycle sales profiles have previously
been reported only for the US and only for aggregate sales (Grabowski
and Vernon, 1990). Our study extends this approach to other coun-
tries and shows the contribution to the overall sales profiles of price
and volume components respectively. It also shows the differences
between global and local products. The estimates of discounted life
cycle revenue per capita suggest a different approach to international
comparisons and different rankings of countries than the more com-
mon comparisons based solely on prices in a single year.

17
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2 DATA AND METHODS

2.1 Sample

The data used in this study are from a comprehensive IMS database of
pharmaceutical sales in seven countries for the period October 1981
through to September 1992, excluding 1985 and 1987 which were
omitted due to the complexity and cost of data acquisition. Our anal-
ysis focuses on single molecule drugs. We exclude combination (mul-
tiple molecule) products because the mix of ingredients is not uniform
across countries and because the price for the combination cannot be
accurately allocated to the separate molecules.>

Our analysis is based on sales through pharmacies, which account
for over 80 percent of sales in most countries. Data on sales to hospi-
tals were unavailable for some countries, and for other countries the
reported price data may be inaccurate because of undisclosed dis-
counts.® Excluding sales to hospitals should not lead to significant
bias in cross-national comparisons for most countries which have sim-
ilar hospital shares, at 12-20 percent of total sales. The exception is
Japan, where drug sales through hospitals are 52 percent of total sales
reported by IMS. Because these omitted hospital sales include the
outpatient care that is delivered in the outpatient departments of large
public hospitals and physician-operated clinics, our data on outpatient
sales in Japan are downward biased. The sales totals for the US are also
downward biased because the IMS data do not capture sales through
health maintenance organization- (HMO-) owned pharmacies, super-
markets and mail order, which together were estimated at 19 percent
of total sales including hospitals and retail pharmacies (US Congress
OTA, 1993, p.20).

We exclude from the sample products with sales of less than 1,000
packs and 1 kilogram of active ingredient, to reduce sampling error.

5 Another reason for excluding multiple molecule products is that many are over-the-
counter products with relatively little research content, hence are less relevant to this
analysis.

6 Sales to hospitals are often at discounted prices, even in countries that regulate retail

drug prices such as France. Such discounts are not fully captured in the IMS data.
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We have also excluded a small number of outlier observations, defined
as molecules for which the recorded change in price between succes-
sive years was implausibly large, defined as a multiple greater than
three or less than one third. These observations are excluded only for
the years in which the extreme changes occur.

Our sample includes both prescription and over-the-counter
(OTCQ) sales for the drugs included. Our data do not identify OTC
packs. However, even if it were possible, it would not be appropriate
to exclude the OTC packs for our molecules. In some cases, the OTC
packs result from a prescription-only to OTC ‘switch’ in the status of
the medicine — for example, for ibuprofen — and both the prescription
and OTC forms may continue to be sold. However, our sample selec-
tion criteria should exclude products that are primarily OTC. The
focus on single molecule products excludes combination products that
are more likely to be OTC consumer products rather than research-
based pharmaceuticals. Further, we exclude from the global and US-
matched samples all molecules with no identified originator product
in any of the relevant countries, using information on originator sta-
tus which we have for the US and Germany in 1992.

2.2 Global, US-Matched and Local Molecules

Most of our analysis focuses on global molecules, defined as molecules
that were marketed in all of the seven countries in at least one year of
the observation period. A reasonable presumption is that molecules
with broad international diffusion are of relatively high therapeutic
value. Manufacturers have incentives to launch a drug in any country
where the expected revenues are at least equal to the country-specific
marginal costs, including the costs of meeting regulatory requirements
for proof of safety and efficacy. Thus drugs that are local-only are
more likely to have weak evidence of efficacy or low potential market
value.

Since global molecules account for less than one third of the total

number of molecules available in each country, some results are also

19



20

2 DATA AND METHODS

reported for two other samples. For each country, the sample of US-
matched molecules comprises molecules that are available in both the
comparison country and the US in at least one year. These US-
matched samples are larger than the global sample, but the additional
molecules are not identical across countries. The US-matched samples
are also likely to consist of drugs with relatively high therapeutic value,
since the US is widely viewed as a relatively profitable market that
most drugs would seek to enter if the high and costly US regulatory
requirements for proof of efficacy could be met.

The local sample for each country is the complement of that coun-
try’s US-matched sample, that is, it includes molecules that are avail-
able in that country’s domestic market but not in the US. Local drugs,
which account for over 40 percent of sales in some countries, differ
across countries and are often produced by local firms. Local drugs are
presumably of less proven therapeutic value than the global or US-
matched samples, assuming that any drug would be brought to the US
if it could meet the Food and Drug Administration (FDA) require-
ments and be expected to generate enough revenue to cover these and
other costs of launch in the US. Thus per capita expenditure on local
drugs, compared to global or US-matched drugs, provides some mea-
sure of how different countries allocate their total drug spending
across these different types of drugs. It also shows that countries can
have high expenditures in aggregate but relatively low expenditures on
the global drugs that are of interest to multinational companies.

2.3 Launch Dates and Product Age

Since the data on molecule launch dates in each country are incom-
plete, we estimate molecule age based on the earliest reported product
launch date in each country. Specifically, we define the launch of
molecule i in country j, LAUNCHj;, as the earliest reported launch
date of any product in molecule i in country j. Molecules for which
all products have missing launch dates are excluded from the analysis.
The age of molecule i in country j in year t is defined as the number
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of years since launch: AGE;; = t — LAUNCHij.7 Our estimate of
molecule age is thus a country-specific measure — that is, the age of
molecule i in year t could differ across countries — rather than an abso-
lute estimate of molecule age relative to the first launch in any coun-
try worldwide, as would be required to incorporate lags in launch into
lifetime revenue estimates. The data on patent expiration date were
too incomplete to be useful. We use 12 years as an estimate of market
life under patent, which is reasonably consistent with the observed

trends in sales, but recognize that this is only approximate.

2.4 Constructing a Synthetic Life Cycle

Our 1981-1992 data, omitting 1985 and 1987, provide sales figures
for up to nine years in the economic life of each molecule. Not all
drugs are observed for the full nine years, due to entry and exit, as well
as sampling variation. Since the economic life may extend for 30 years
or more, we use the observations on molecules at different stages of
their life cycles to construct a synthetic life cycle profile of 30 years of
sales for each country. Our observation period implies that sales expe-
rience at ages 0-11 is based on molecules launched between 1970 and
1992; experience at ages 12-22 is for molecules launched between
1959 and 1980; and experience at ages greater than 22 is for molecules
launched before 1970. This approach combines the early life experi-
ence of recently launched drugs with the experience of older drugs at
later ages.

7 The reported product launch dates do not necessarily correspond to observed sales.
For example, for molecules with first reported product launch dates between 1981 and
1992, the mean lag between reported product launch date and first observed sales is
almost two years for most countries; median lags are less, because the distribution of lags
is positively skewed. This lag could reflect early sales that are either to hospitals or are
too small in volume to be recorded or to meet our minimum sales screens; real lags
between regulatory approval and product launch, possibly because of lags in obtaining

price approval for reimbursement; or reporting error.

21
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The alternative, in theory, would be to use the full life cycle expe-
rience for a given cohort of molecules. Even if such data were avail-
able, this approach would have the disadvantage that the youngest ages
— which are most critical in present value calculations — would reflect
early sales of drugs launched in the late 1960s and early 1970s. Since
both the market environment and the types of drugs were very differ-
ent then than in the 1990s or today, this approach would almost cer-
tainly yield a worse predictor of current and future experience than
our approach, which includes the early age experience of drugs
launched through to 1992. A potential disadvantage of our approach
of using the experience of different drug cohorts is that the age-specif-
ic experience may be confounded by cohort effects. Although drugs
launched in different time periods embody different technologies,
such technology-related cohort effects are common across countries
and so should not introduce systematic cross-country bias.

Obviously, this analysis based on data from 1981-1992 is not nec-
essarily accurate for current experience of prices and volumes, because
regulatory and reimbursement environments have changed, as have
medical norms and available therapies. Competitive pressures on
prices and per capita volumes have increased in the US in recent years,
while regulatory pressures have increased in other countries.
Nevertheless, many of the main country-specific characteristics are
probably still valid, as are the basic conclusions related to methodolo-
gy and policy. Where more recent experience is known to be different
from that shown in the data here, this is noted.

More fundamentally, our study illustrates the dilemma facing any
analysis of life cycle returns: given the long economic life of medicines,
there is an inevitable trade-off between using current data, to reflect
current drugs and pricing environments, and having a long experience
profile for a single cohort of drugs. Our approach, using the experi-
ence of different cohorts from the same 11-year time period, is a com-
promise.
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2.5 Units of Volume and Price

Our unit of analysis is the molecule or active ingredient, such as rani-
tidine, cimetidine, and nifedipine. A given molecule may be sold as
different products with different manufacturers, including licensees
and generic producers. The term ‘product’ here thus refers to manu-
facturer within molecule — for example, Bayer aspirin is one product
in the molecule aspirin. Using the molecule as the unit of analysis,
sales for the molecule in a particular country-year are calculated as the
sum of sales of all products in that molecule in the country-year,
regardless of manufacturer, dosage form, strength or pack size. This is
equivalent to assuming that ‘a pill is a pill’, regardless of possible dif-
ferences between different products in the same molecule due, for
example, to inactive ingredients. We use the molecule because our
data do not identify originator versus licensee or generic products, and
because the sample of products with consistent data across ages was
too small for reliable estimates.

Each molecule is typically available in several different dosage
forms, strengths and pack sizes, all of which differ across countries.
This creates a problem of defining a common unit of volume that is
both homogeneous and generally applicable. We use two measures of
volume, the number of IMS standard units (SU) and number of grams
of active ingredient (KG). A standard unit is defined by IMS as one
tablet, one capsule, five milliliters of a liquid, etc. It is intended as a
rough proxy for a dose, recognizing that this is an approximation.8
Important for our purposes is that systematic differences across coun-
tries in strength per standard unit may influence price and volume.
Our second measure is number of grams of active ingredient. The
advantage of these two measures — SU and grams — is that they are
reported for all dosage forms, hence they are the only two available
common units of measure that permit aggregation over different

8 The standard unit may be an imprecise measure of a dose for inhalers, topical

applications, etc., and this contributes to some extreme values in our measures of price.
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forms, strengths and packs of each molecule and over different
molecules.” More fundamentally, there is no meaningful homoge-
neous unit for drugs that have very different therapeutic effects, or even
for a given drug for which prescribing habits differ across countries.10
Thus measures of volume — standard units and grams — are an admit-
tedly imperfect approach to a problem that has no perfect solution.
Price per standard unit and price per gram, by molecule age and
country, are defined for each molecule by dividing total expenditures
by number of units or grams. The price for each molecule is thus a
volume-weighted average over all forms of all products in the
molecule. The distribution of prices across molecules has more
extreme values for grams than for standard units, hence mean price per
gram is more unstable across ages, as the sample of molecules changes.
The price analysis here therefore focuses on price per standard unit
rather than price per gram. Because these extreme values can signifi-
cantly influence the mean values, medians are also reported as an alter-

native measure of central tendency.

2.6 Exchange Rate Adjustment

When we measure foreign age-price profiles in US dollars, the
observed changes in prices can reflect changes in the foreign currency-
US dollar exchange rate, in addition to changes in prices in the local
currency. We use two approaches to convert foreign currency values
to constant 1992 US dollars, in order to distinguish true life cycle

9 The WHO defined daily dose (DDD) system (grams of active ingredient per day)
provides alternative units for measuring drug consumption. But DDDs for different
molecules within a therapeutic class are not defined to achieve a standardized effect, and
aggregating DDDs across therapeutic categories suffers from the same heterogeneity
issues as standard units or grams. Danzon (1996) discusses an approach to defining
standardized (potency-equivalent) daily doses.

10 For example, strength per dose is systematically weaker in Japan than in other
countries, in part because of the practice of typically prescribing several drugs to be

taken simultaneously.
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price changes from exchange rate fluctuations (algebraic formulations
for these approaches are provided in the Appendix to this mono-
graph):

a. Sales Year Exchange Rates. This approach converts foreign cur-
rency sales to US dollars in the year the sales occurred, using the pre-
vailing quarterly exchange rates, as reported by IMS. We then use the
US GDP deflator to adjust dollar values from year t to constant 1992
dollars. This approach approximates the revenues that a US firm
could earn from foreign sales, assuming immediate conversion of for-
eign currency sales to US dollars, no currency hedging and no taxes.
Using these sales date exchange rates, our life cycle price profiles in
countries other than the US reflect changes in the exchange rate of that
country’s currency relative to the US dollar, in addition to the life cycle
price change in local currency terms. For example, if the yen price of
drugs in Japan declines between age 1 and age 4 of the life cycle, but
the yen appreciates relative to the dollar over the same period, we
could observe no change in dollar prices but this would mask a real life
cycle price change in local currency terms.

b. Launch Date Exchange Rates. The second approach converts for-
eign currency values to US dollars at the exchange rate prevailing at
the date of molecule launch in the foreign country, regardless of the
calendar year in which the sales occurred. The dollar value of sales in
a given year is then adjusted to constant 1992 dollars using the US
GDP deflator. The result can be interpreted as the counterfactual dol-
lar value of foreign sales had US-foreign exchange rates remained at
their launch date value throughout the life cycle of the molecule. Thus
the difference between the lifetime revenues using sales date and
launch date exchange rates reflects the impact of currency fluctuations
relative to the US dollar over the molecules life.

2.7 Price Change over the Life Cycle in Constant
Local Currency Units

The cumulative change in real prices over the life cycle in local cur-
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rency units, net of country-specific general inflation, is also reported.
Specifically, we first convert local currency units in year t to constant
1992 values of the local currency using the country-specific GDP
deflator. We then compute one-year and cumulative indexes in con-
stant local currency units. (See the Appendix for an algebraic expla-
nation). These indexes show the pure cumulative change in real local
prices over the life cycle, net of each country’s general inflation and net
of foreign exchange fluctuations.

2.8 Age-specific Expenditures, Price and Volume
per Capita

All reported sales data are converted to constant 1992 US dollars,
using either sales date or launch date exchange rates and US GDP
inflation adjustment, as described above. For each molecule age, we
compute country-specific expenditures per capita by averaging the
sales for all molecules in the sample at that age in that country for any
year in our observation period 1981-1992.

Similarly, volume per capita is calculated for molecules at each age
in each country, by calculating the average number of units (either
standard units or grams) sold for all products in all molecules with that
age in that country. Each years sales are divided by the country’s pop-
ulation in that year, to yield per capita volume. For price, we calcu-
late both an unweighted and a weighted mean price per unit at each
age in each country. The weighted mean weights each molecule’s aver-
age price by that molecule’s share of total expenditures on molecules
of that age in that country.

The discounted present value of lifetime revenue per capita for the
average molecule in each country is the sum of the average per capita
expenditures at each molecule age, with each value discounted from
that age to launch. We report results using discount rates of 0, 5 and
10 percent. A zero discount rate corresponds to simply summing rev-
enues at all ages without discounting A 10 percent discount rate is
roughly equivalent to previous estimates of the real cost of capital for
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pharmaceutical firms,!! and hence is probably most relevant for the
manufacturer perspective. A 5 percent rate is often used as a social dis-
count rate, so may be more relevant for the policy perspective. These
discounted values are reported for a 12-year life, which corresponds
roughly to life under patent protection, and a 30-year life. Although
the database reports sales for some molecules at older ages than 30,
mean estimates for these older ages are less accurate because of fewer
observations and less accurate launch date information for older prod-
ucts. Truncating the economic life at age 30 has little effect on the pre-
sent value at launch, due to the effect of discounting sales at later ages.

(See the Appendix for algebraic formulations of these calculations).

2.9 Number of Manufacturers

We report the mean number of manufacturers per molecule by age for
each country, to provide a measure of the number of potential com-
petitors over the life cycle in different countries. At early ages the exis-
tence of multiple manufacturers reflects co-marketing and
co-promotion licensing arrangements, which are unlikely to lead to
aggressive price competition. At ages beyond patent expiration, how-
ever, the number of manufacturers presumably reflects generic
entrants. Thus these measures of number of manufacturers give some

sense of the extent of generic competitors at later ages.

11 DiMasi et al. (1991) estimate a beta of one for the pharmaceutical industry and a
real cost of capital of 10 percent. Myers and Shyam-Sunder (1996) estimate a higher
cost of capital for early stage research. Drawing on these ideas, US Congress OTA
(1993) used a real average cost of capital of 11 percent.
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3 LIFE CYCLE TRENDS IN VOLUME,
PRICE AND REVENUES

3.1 Number of Matching Molecules

Cross-national differences in pharmaceutical markets are illustrated in
Table 1, which reports the number of molecules with retail pharmacy
sales in 1992 for each of the seven countries. France, Germany, Italy
and Japan have more molecules than the US, despite their smaller
populations. Although there are over 740 molecules in each country,
only 196 are common to all seven countries and hence can be includ-
ed in our global sample. By contrast, each country has over 500
molecules that match with the US. Thus the US-matched samples are
significantly larger than the global samples.

Of the molecules that are available in the US, less than 60 percent
are available in France, Italy, and Japan. These US-matched molecules
represent less than 50 percent of all molecules that are available in
these countries, whereas US-matched molecules constitute 72 percent
of molecules in the UK and 85 percent of molecules in Canada. Inall
countries the US-matched molecules account for a larger fraction of
sales than of number of molecules, confirming that these molecules are
of above average sales and hence plausibly are above average in thera-
peutic value. Note that, with the exceptions of the UK and Canada,
the molecules that are available both in the US and another country
represent a greater proportion of the total molecules available in the
US than of the total molecules available in the comparison country.
This is further evidence in support of the hypothesis that the US mar-
ket includes a disproportionate fraction of broadly diffused molecules
compared to most other countries, plausibly because of relatively high
FDA screens for efficacy.

3.2 Number of Global Molecules by Age

Figure 1 shows number of global molecules with sales at each age in
any of the years of our 1981-1992 time period. Despite 196 global
molecules in 1992, the sample size for each age is small — only 15-46
molecules — and changing across ages, which makes the life cycle pro-
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Table 1 Number of Molecules and Market Share
Single Molecule Products, Retail Pharmacy, 1992

Number of US Canada France Germany Italy Japan UK
molecules?

Total 963 746 1,095 1,244 1,060 1,176 830
Launched 21970 405 279 467 548 520 534 351

Global molecules

in all 7 countries 196 196 196 196 196 196 196
Molecules matched

with US 963 632 526 645 508 537 596
% of US molecules100.0%  65.6% 54.6% 67.0% 52.8% 55.8% 61.9%

% of country’s

molecules 100.0%  84.7% 48.0% 51.8% 47.9% 45.7% 71.8%
Expenditures, 1992 ($millions)?

Total 28,210 2,608 8,772 7,292 8,580 11,674 3,904
Molecules

launched > 1970 18,305 1,686 5,622 4,148 6,509 9,024 2,408
% of total 64.9% 64.7% 64.1% 56.9% 75.9% 77.3% 61.7%
Molecules matched

with US 28,210 2,388 4,839 4,963 5,117 6,074 3,270
% of total 100.0% 91.6% 55.2% 68.1% 59.6% 52.0% 83.8%

Notes: Minimum volume screens applied.
a Molecules with at least one valid product launch date.

Source: Calculated from IMS data for sales through retail pharmacies, 1992.

files for all variables quite erratic. For most countries the number of
molecules is relatively low at early and later ages, reaching a maximum
at ages 5-12. This inverted U shaped distribution of sample size pre-
sumably partly reflects insufficient volume at early ages (0-4) for all
‘young’ molecules to be represented in the database, followed by peak
market penetration in middle age (5-12) and a subsequent slow
decline in later years after patent expiration.

Patterns of diffusion clearly differ across countries. In particular,
the UK has relatively few molecules at early ages, but this pattern is
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reversed at later ages. This is consistent with the conventional view
that UK doctors are relatively conservative, with a high preference for
older drugs due to either medical norms or financial incentives.
Conversely, the US and Canada have relatively young age distributions
of global molecules, with relatively large numbers at young ages but
relatively small numbers at older ages.

Figure 1 suggests that the potential for selection bias due to differ-
ences in country size is not a serious factor. In theory, estimates of rel-
ative life cycle revenues could be upward biased in countries with
relatively small market size if the sample at low-volume ages included
only the most successful drugs, i.e. those with sufficiently large volume
to be measured in the database, whereas larger markets could support
more minor drugs with lower per capita sales at low-volume ages.12
However, although Canada has the smallest population it has a rela-
tively large number of molecules in the low-volume earlier ages,
whereas the US has among the fewest molecules in the low-volume
years after age 17 despite having the largest population. Thus differ-
ences in medical practice and other determinants of drug consump-
tion appear to dominate differences in population size in determining
the life cycle age distribution of molecules. Further evidence that mar-
ket size bias is negligible in our countries is provided by the fact that
Germany, France, Italy and Japan all have more molecules than the US

(Table 1), despite the much larger US population.

12 Market size bias could in theory exist if the fixed costs of launching a drug were
uniform in all countries but expected revenues were roughly proportional to population.
Under these assumptions, the countries with smaller populations would have fewer
molecules and only those with the highest expected sales, whereas in larger markets less
valuable products could break even because the larger population size could offset low
per capita sales. Although the global sample is comprised of molecules that were
launched in all seven countries, the year-specific sales data that are observed could in
theory be subject to this country-size selection bias at early and later ages when sales are

generally low. In practice there is no evidence of such bias.
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3.3 Volume-Age Profiles

Figures 2a and 2b, respectively, show volume-age profiles for mean and
median number of standard units per 1,000 population, by molecule
age. The life cycle inverted U profile of volume is more evident from
the medians than from the mean values, which are very erratic for the
post-patent years with smaller samples. Volume increases for the first
decade in all countries, with particularly rapid diffusion in France,
Canada and the US, while diffusion is slower in Germany and the UK.
In the second decade after launch, per capita volume remains relative-
ly high in France and Canada, Germany and the UK continue to
increase, whereas volume per person levels off and declines in the US.
The UK increases from having the lowest mean per capita volume at
early ages to having among the highest per capita volumes at some
older ages, implying slow diffusion in the UK and conservative pre-
scribing, defined as a higher preference for older molecules relative to
newer molecules, compared to other countries.

It is interesting to note that although Italy, Japan, Germany and
France are generally viewed as having very high per capita drug con-
sumption in aggregate (for example, Burstall, 1991), this conclusion
does not hold for global molecules, with the exception of France.
Thus, to the extent that total drug consumption is high in Italy and
Germany, this appears to reflect relatively high volumes of local
molecules rather than global molecules. This is consistent with the
large number of local molecules in these countries (Table 1) and fur-
ther evidence discussed below. For Japan, conclusions on volume are
tentative because the retail sales included here omit Japan’s relatively
large sales through hospital outpatient departments. Thus our data
yield a downward biased measure for total outpatient volume in Japan.

The volume-age profiles in Figures 2a and 2b peak later in life than
the profiles for number of molecules (Figure 1). This could reflect an
increase in the rate of new molecule entry. It could also reflect early
withdrawal of molecules with relatively low sales, which is plausible if
there are significant molecule-specific fixed costs of continuing pro-
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duction and promotion. If more successful drugs do have a longer
economic life, our sales estimates for older ages, which are condition-
al on the sample of drugs that remained on the market, may be
upward biased estimates for the unconditional sales of all drugs.13
Although the resulting estimates of life cycle revenue may be upward
biased for the unconditional expectation for the average drug, cross-
national comparisons are not necessarily biased, since the same bias
appears to apply to all countries.

3.4 Sales-Age Profiles

Figures 3a and 3b, respectively, show mean and median sales revenue
per molecule over the molecule life cycle, normalized per 1,000 pop-
ulation to adjust for differences in population size between countries.
The terms ‘sales,” ‘revenues’ and ‘expenditures” are used interchange-
ably here, reflecting the fact that sales imply revenues to manufactur-
ers and expenditures by payers/customers. For these figures, local
currencies are converted to US dollars at sales date exchange rates and
then converted to constant 1992 US dollars using the US GDP defla-
tor.

For the US and Canada, sales follow an inverted U with a peak at
ages 9-10, roughly corresponding to the age of patent expiration, with
a rapid decline thereafter.14 Canada’s sales-age profile is very similar
to that of the US, with similar maximum values per capita. For Italy,
France and Japan, sales peak earlier and then trend down slowly. The
UK and Germany have much flatter sales-age profiles and the post-
patent decline appears to occur later and be more gradual. Recall,
however, that the sales figures here are for all products in the molecule

13 In principle this could be corrected by adjusting for the probability of exit at each
age, but in practice the sampling variability precludes reliable estimation of these
probabilities.

14 The US life cycle revenue curve estimated here is similar to that reported in

Grabowski and Vernon (1990, 1996).
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and do not reveal the shifting in share from originator products to
generics within the molecule, which occurs in the UK, Germany,
Canada and the US after patent expiry. The peak value of mean sales
per capita is over 25 percent lower in all other countries than in the
US and Canada.

These differences in sales-age profiles — particularly the earlier and
lower peaks and greater post-patent decline in most countries other than
the US — appear to be influenced more by prices than by per capita vol-
ume. Whereas per capita revenues continue to increase in the US and
Canada from age five through to age 10, in all other countries revenue
declines despite flat or increasing volumes through to age 20 (see Figures
2a and 2b). This is because real prices decline in most countries, due to
price increases that are less than inflation and some nominal price cuts,
especially in Japan. The US has consistently higher mean and median
revenue per capita than other countries from age 10 onward, although
US per capita volume is not abnormally high (see Figure 2a and 2b),
because during our observation period of 1981-1992 real prices in the
US did not decline as steeply as in other countries. Since the early1990s,
price increases in the US have been much less than in the 1980s and
generic erosion of originator sales after patent expiration has been
greater. Thus a study based on more recent data would probably show
more rapid post-patent decline in sales revenue in the US.

These mean gross sales data overstate revenues to originator firms
in countries where generics capture a significant market share after
patent expiration, in particular the US, Germany, the UK and
Canada. For example, for the US in the 1990s, generics often cap-
tured 60-80 percent of the market within the first 6-12 months after
patent expiration.

These gross sales data further overstate revenues to originator firms
in the US and the UK because the data do not net out discounts and
rebates. In the US, originator firms give significant rebates and dis-
counts to managed care and public payers, both before and after
patent expiration, particularly in crowded therapeutic categories. In
the UK, originator products may be discounted to pharmacists in
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order to compete with parallel imports even before patent expiration.
After patent expiration, both originator and generic manufacturers
may compete by offering discounts to pharmacists. Because these
manufacturer discounts to pharmacists are not reflected in the sales
data used here, UK sales revenues are upward biased.

The difference between per capita sales in the US and other coun-
tries is generally larger if the comparison is based on means rather than
median values. This greater difference in the means than the medians
suggests that the impact of ‘blockbuster’ drugs may be greater in the
US than in other countries. Grabowski and Vernon (1990) show that
the distribution of sales across drugs in the US is highly right-skewed,
with the top 30 percent of drugs having much higher lifetime sales
than the remaining 70 percent. Although similar detailed analysis is
not available for other countries, the evidence here suggests that the
few blockbusters account for a smaller percent of total sales in other
countries than in the US.

The differences between per capita sales in the US and other coun-
tries is less when using launch date rather than sales date exchange
rates to convert other currencies to US dollars (Figure 3c). For exam-
ple, using launch date exchange rates, median per capita revenue for
France is similar to or greater than that for the US at several ages. The
higher non-US values using launch date rather than sales date
exchange rate reflects the decline in the value of other currencies rela-
tive to the US dollar during the life of the molecules in our sample.

3.5 Price Levels and Price-Age Profiles

To illustrate the trends in prices over the life cycle, Figures 4a, 4b and
4c respectively show the mean value across molecules for price per
standard unit (PSU) and median values for PSU and price per gram
(PKG).

The mean price across molecules by age is rather unstable, because
of the small and changing sample of molecules at each age and because
of some extreme outlier values, particularly for PKG. Median values
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are more stable for PSU but still have some extreme values.
Comparing mean PSU, the point estimates show the US having the
highest launch prices, followed by Germany and the UK, with France
lowest; however, given the large standard deviations, these differences
are not statistically significant at conventional levels. As of age 12, US
prices are generally higher than other countries,!> using either mean
or median PSU, but the standard deviation for PSU is also higher for
the US, implying greater variation within the sample.

For all countries, these mean and median values suggest that real
price levels decline dramatically over the life cycle. Recall, however,
that the decline in price profiles with age may be overstated for all
countries by cohort effects, that is if more recent molecules are typi-
cally launched at higher real launch prices than previous cohorts of
molecules, due to either superior effectiveness, growth in insurance
coverage or other changes over time. Further, the life cycle price pro-
files using sales date exchange rates are more influenced by currency
fluctuations relative to the dollar for older ages than younger ages.

Table 2 reports the cumulative price change over various phases of
the life cycle using a Divisia price index!6, both using sales date
exchange rates and launch date exchange rates. Mean and standard
deviation of PSU, and mean and median of PKG are also reported,
along with sample size. The Divisia price indexes measure the cumu-
lative percentage price change from launch to each specified age.
Values greater or less than unity respectively imply price increase or
decrease since launch. For example, the value of 0.66 for PSU in
France for age six (sales date exchange rate) implies that, on average,

15 This ignores a few extreme values at late ages for Canada, which were influenced by
a small number of extreme values that probably reflect data error and so are omitted
from Figure 4b.

16 The Divisia index is a chain-weighted measure of price change. The index of price
change between age t and age t+1 is the volume-weighted geometric mean of the price
change between age t and t+1 for all molecules observed at those ages, where the weight
for each molecule is its volume share, averaged over the two years. The cumulative index
reported in Table 2 at age 6, for example, is the product of the one-year indexes for age
0to 1, age 1 to 2, age 2 to 3, age 3 to 4, age 4 to 5 and age 5 t0 6.
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36 Table 2 Real Price Levels and Divisia Indexes of Price Change by
Age: Global Molecules

At Sales Date Exchange Rate? Cumulative Divisia IndexP
of Real Price Changes
since Launch

Means Medians At Sales Date At Launch Date
Exchange Exchange

Rate Rate
Country Age No. Unweighted PSU PKG PSU PKG PSU PKG
of PSU
Mole- Mean St.
cules Dev.

Canada 1 33 0.915 1.123 0.557 6.310 0.946 0.948 1.010 1.010
6 41 0.395 0.318 0.297 7.720 0.960 1.070 0.840 0.930
12 37 0.383 0.293 0.282 6.683 1.070 1.072 1.060 1.060
20 22 0.261 0.293 0.166 3.542 1.220 1.140 1.330 1.240
30 19 0.122 0.113 0.079 2.466 1.245 1.083 1.201 1.042
France 1 30 0.808 0.887 0.599 5.330 0.960 1.000 0.860 0.900
6 35 0.404 0.631 0.221 3.745 0.660 0.670 0.580 0.580
12 35 0.341 0.564 0.173 3.570 0.500 0.450 0.890 0.780
20 33 0.189 0.201 0.101 2.836 0.290 0.280 0.560 0.530
30 15 0.128 0.128 0.091 2.587 0.212 0.192 0.408 0.364
Germany 1 24 1.204 1.430 0.654 8.433 0.970 0.970 0.907 0.909
6 37 0.509 0.439 0.323 5.235 0.780 0.800 0.620 0.630
12 42 0.503 0.479 0.320 6.620 0.670 0.700 0.670 0.690
20 27 0.295 0.430 0.137 8.520 0.340 0.340 0.200 0.200
30 17 0.245 0.163 0.205 4.102 0.190 0.166 0.088 0.076
Ttaly 1 27 0.952 1.163 0.582 6.456 0.940 0.930 0.970 0.960
6 34 0.376 0.368 0.257 4.279 0.730 0.680 0.720 0.660
12 28 0.201 0.152 0.182 3.718 0.600 0.520 1.160 1.010
20 21 0.169 0.135 0.123 3.543 0.520 0.440 1.790 1.508
30 22 0.137 0.096 0.123 2.839 0.632 0.445 2.589 1.819
Japan 1 38 0.908 1.931 0.378 11.9480.970 0.970 0.880 0.870
6 37 0.433 0.421 0.280 10.4390.550 0.610 0.400 0.440
12 27 0.680 1.864 0.240 7.813 0.270 0.320 0.145 0.170
20 30 0.351 1.113 0.114 3.495 0.130 0.140 0.045 0.060
30 18 0.206 0.476 0.071 3.175 0.049 0.056 0.019 0.021
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Table 2 Real Price Levels and Divisia Indexes of Price Change by
Age: Global Molecules continued

At Sales Date Exchange Rate? Cumulative Divisia Index?
of Real Price Changes
since Launch

Means Medians At Sales Date At Launch Date
Exchange Exchange

Rate Rate
Country Age No. Unweighted PSU PKG PSU PKG PSU PKG
of PSU
Mole- Mean St.
cules Dev.
UK 1 24 1.161 1.570 0.806 8.552 0.910 0.890 0.980 0.960

6 24 0.352 0.193 0.297 4.599 0.630 0.590 0.740 0.690
12 33 0.465 0.985 0.219 5.294 0.420 0.380 1.010 0.920
20 28 0.170 0.159 0.112 3.579 0.212 0.202 0.820 0.790
30 20 0.177 0.328 0.079 1.490 0.127 0.118 0.619 0.571
uUs 1 37 1.400 2.562 0.519 10.2781.030 1.020 1.030 1.020
6 39 0.454 0.261 0.354 11.0081.240 1.240 1.239 1.242
12 31 0.777 1.213 0.458 5.867 1.850 1.560 1.854 1.560
20 19 0.724 1.767 0.183 2.926 2.270 1.640 2.271 1.642
30 15 0.294 0.491 0.138 2.973 1.821 1.325 1.820 1.330

Notes:

a  Foreign currency units are converted to $US at exchange rate prevailing in the
year of sales. Adjustment to constant 1992 $US using US GDP deflator.

b Divisia Index: cumulative total of annual divisia indexes.

PSU = price per standard unit.

PKG = price per gram of active compound.

real prices for molecules at age six were 66 percent of their value at
launch, a decline of 34 percent.

The Divisia indexes using sales date exchange rates show a mono-
tonic decline in real prices over the life cycle for all countries except
the US and Canada, for both PSU and PKG. The decline in real
prices is most dramatic in Japan, where PSU drops to 27 percent of its
initial level by age 12. For the UK, the real price (PSU) at age 12 is
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42 percent of the initial price, and in France it is 50 percent.

By contrast, prices in Canada slightly increase through to age 12
and beyond. In the US, real prices for these cohorts appear to increase
by 56-85 percent by age 12, with continued increase through to age
20. This reflects in part the pattern of annual price increases that was
the norm in the late 1980s, when drug price indexes significantly out-
paced general inflation in the US, whereas in the 1990s drug prices
have roughly tracked general inflation or with only 1-2 percentage
point excess drug price inflation. Similarly, price increases in Canada
have been much more modest in the 1990s. Thus for both the US and
Canada, these price data almost certainly overstate real price growth
over the life cycle for current drug cohorts. In addition, the US price
profiles may be more upward biased by sample selection at later ages
than in other countries. The number of molecules in the sample
declines by almost half between age one and age 20 in the US, where-
as for the UK, France and Germany there are actually more molecules
at age 20 than at age one. If older products in the US are dispropor-
tionately the more valuable products, because less valuable molecules
are more likely to be withdrawn, our estimates of price profiles and
price indexes, which are conditional on molecules remaining on the
market, may be upward biased for the unconditional estimate of
expected value for all molecules. The US differential is also much
smaller for the median than the mean price, again suggesting higher
prices for older, blockbuster products in the US than in other countries.

The price profiles at sales date exchange rates provide a measure of
prices that would accrue to a multinational firm based in the US. The
price profiles using launch date exchange rates, reported in the last two
columns of Table 2, provide a measure of price change in local cur-
rency because they use each molecule’s launch date exchange rate
throughout its life cycle. These measures net out currency fluctuations
but may still be biased by cohort effects. For Italy, which underwent
a major currency revaluation during the period of our data, the launch
date exchange rate estimates are unreliable and should be disregarded.
For several other countries, the real life cycle price change in local cur-
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rency is less negative using launch date exchange rates than with sales date
exchange rates that incorporate exchange fluctuations. For example, for
PSU (second to last column in Table 2) the age 12 value of 1.01 for the
UK implies that real prices were roughly flat through to age 12 in the
UK. For France the decline is only 11 percent (0.89 for age 12), instead
of the 50 percent using sales date exchange rates. For Japan, the launch
date estimates imply an even greater decline in prices than the sale date
estimates, which are upward biased by the appreciation of the yen.

3.6 Discounted Present Value of Life Cycle
Revenue per Capita

Tables 3 and 4 report the present value of per capita revenues over the
life cycle, in constant 1992 US dollars, at discount rates of 0 percent, 5
percent and 10 percent per annum. Present values are reported sepa-
rately for the three subsamples: global molecules, US-matched
molecules and local molecules. The values through to age 12 corre-
spond roughly to sales while on patent, whereas the values through to
age 30 include post-patent sales of all manufacturers, including generics.
Tables 3 and 4 use sales date and launch date exchange rates, respective-
ly, to convert other currencies to US dollars. In each table, the upper
panel reports per capita dollar values, and the lower panel expresses each
country’s value as a ratio relative to the corresponding value for the US.

For all countries, per capita revenue is higher for global molecules
than for US-matched molecules, which in turn generally have higher
per capita revenue than local molecules. These findings support the
hypothesis that global diffusion and, to a lesser extent, availability in
the US are indicators of relatively high market value. The exceptions
are France and Germany, where mean per capita revenues of local
molecules exceed mean per capita revenue for US-matched molecules
for the 30-year life at some discount rates. This confirms that the rel-
atively high per capita expenditures on drugs in these countries reflect
high expenditures per local molecule and the large number of local
molecules shown in Table 1.
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Table 32 Mean Life Cycle Revenues Per Molecule for Global, US-

Matched and Local Molecules
Discounted Present Values, $1992 USP, Converted to $US at
Sales Date Exchange Rates?

US $ Per 1,000 Population

Global US-Matched Local
Molecules® Molecules Molecules®
Discount Rate Discount Rate Discount Rate

Country Age 0% 5% 10% 0% 5% 10% 0% 5% 10%

Canada  0-12  5.665 3.996 2.842 4.736 3.366 2.416 2.333 1.775 1.366
0-30 9.419 5.448 3.402 8.112 4.665 2.915 2.746 1.978 1.462

France  0-12 5.098 3.792 2.869 4.240 3.119 2.333 3.435 2.453 1.782
0-30  9.628 5.462 3.491 8.347 4.637 2.902 10.4795.086 2.753
Germany 0-12 3.243 2.349 1.733 2.088 1.497 1.093 1.735 1.200 0.842
0-30 7.557 3.939 2.326 5.703 2.805 1.572 5.978 2.654 1.345
Italy 0-12 4.836 3.678 2.842 4.081 3.050 2.313 1.731 1.304 1.003
0-30 7.527 4.672 3.216 6.469 3.934 2.646 4.280 2.177 1.305
Japan 0-12 4.536 3.324 2.476 3.302 2.410 1.789 1.983 1.496 1.148
0-30 7.674 4.544 2.955 5.913 3.419 2.182 3.431 2.041 1.351

UK 0-12 3.215 2.234 1.567 2.350 1.617 1.123 0.959 0.667 0.472
0-30 7.008 3.667 2.109 5.924 2.973 1.635 3.032 1.430 0.748
usS 0-12  5.944 4.179 2.971 5.036 3.548 2.528 1.161 0.893 0.697

0-30 11.4816.220 3.731 9.976 5.359 3.200 2.446 1.339 0.855

Notes:

a Foreign currency sales in year t converted to $US in year t using exchange rate in year t.

b $US in year t converted to constant $US 1992 using US GDP deflator.

¢ Global molecules are molecules available in all seven countries, local molecules are
those not available in the US.

For global and US-matched molecules, the per capita revenue over
the first 12 years is lower in all countries than in the US, regardless of
the discount rate or exchange rate basis. However, the magnitudes of
the differentials and the rankings of some countries are quite different
for life cycle revenues than for point-in-time price levels, which is the
usual basis of comparison. For purposes of comparison, Table 5 shows
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Table 3b Mean Life Cycle Revenues Per Molecule for Global,

US-Matched and Local Molecules
Discounted Present Values, $1992 USP, Converted to $US at
Sales Date Exchange Rates?

Relative to the US (US=1)

Global US-Matched Local
Molecules® Molecules Molecules®
Discount Rate Discount Rate Discount Rate

Country Age 0% 5% 10% 0% 5% 10% 0% 5% 10%

Canada  0-12  0.953 0.956 0.957 0.940 0.949 0.956 2.009 1.988 1.960
0-30 0.820 0.876 0.912 0.813 0.870 0.911 1.123 1.477 1.710

France  0-12 0.858 0.907 0.966 0.842 0.879 0.923 2.959 2.747 2.557
0-30 0.839 0.878 0.936 0.837 0.865 0.907 4.284 3.798 3.220
Germany 0-12  0.546 0.562 0.583 0.415 0.422 0.432 1.494 1.344 1.208
0-30 0.658 0.633 0.623 0.572 0.523 0.491 2.444 1.982 1.573
Italy 0-12 0.814 0.880 0.957 0.810 0.860 0.915 1.491 1.460 1.439
0-30 0.656 0.751 0.862 0.648 0.734 0.827 1.750 1.626 1.526
Japan 0-12 0.763 0.795 0.833 0.656 0.679 0.708 1.708 1.675 1.647
0-30 0.668 0.731 0.792 0.593 0.638 0.682 1.403 1.524 1.580
UK 0-12 0.541 0.535 0.527 0.467 0.456 0.444 0.826 0.747 0.677
0-30 0.610 0.590 0.565 0.594 0.555 0.511 1.240 1.068 0.875
usS 0-12  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0-30 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Notes:

a Foreign currency sales in year t converted to $US in year t using exchange rate in year t.

b $US in year t converted to constant $US 1992 using US GDP deflator.

¢ Global molecules are molecules available in all seven countries, local molecules are
those not available in the US.

the 1992 point-in-time price indexes for each country relative to the
US, based on US-matching molecules.!”

17 The unit of analysis for the indexes in Table 5 is the molecule/therapeutic category
(MOL/ATC). Thus these indexes include all molecules that match between the foreign
country and the US and are in a common therapeutic category. The great majority of

molecules are in only one ATC.
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Table 42 Mean Life Cycle Revenues Per Molecule for Global, US-

Matched and Local Molecules
Discounted Present Values, $1992 USP, Converted to $US at
Launch Date Exchange Rates?®

US $ Per 1,000 Population

Global US-Matched Local
Molecules® Molecules Molecules®
Discount Rate Discount Rate Discount Rate

Country Age 0% 5% 10% 0% 5% 10% 0% 5% 10%
Canada  0-12 5.471 3.862 2.754 4.578 3.257 2.344 2.222 1.696 1.311
0-30  9.791 5.529 3.394 8.464 4.749 2.915 2.649 1.905 1.410
France  0-12 4.947 3.680 2.794 4.115 3.024 2.268 3.371 2.390 1.730
0-30 10.5915.788 3.590 9.219 4.937 2.994 11.7855.592 2.933
Germany 0-12 3.079 2.278 1.722 1.954 1.428 1.068 1.594 1.127 0.811
0-30 5.962 3.416 2.173 4.313 2.342 1.423 4.121 2.049 1.151
Italy 0-12  4.702 3.593 2.798 3.903 2.929 2.238 1.703 1.289 0.994
0-30  9.755 5.403 3.459 8.385 4.538 2.825 6.705 2.955 1.555

Japan 0-12  4.315 3.282 2.541 3.121 2.372 1.837 1.773 1.388 1.104
0-30 6.170 4.039 2.852 4.665 2.998 2.091 2.512 1.681 1.219

UK 0-12  3.153 2.167 1.509 2.317 1.576 1.085 0.949 0.652 0.458
0-30 8.222 4.039 2.201 7.068 3.339 1.738 3.705 1.661 0.819
usS 0-12  5.944 4.179 2.971 5.036 3.548 2.528 1.161 0.893 0.697

0-30 11.4816.220 3.731 9.976 5.359 3.200 2.446 1.339 0.855

Notes:

a Foreign currency sales in year t converted to $US in year t using exchange rate at
molecule launch date.

b $US in year t converted to constant $US 1992 using US GDP deflator.

¢ Global molecules are molecules available in all seven countries, local molecules are
those not available in the US.

Comparing 1992 point-in-time prices (Table 5), France has the
lowest price level relative to the US: 30-58 percent lower, depending
on whether US-weighted (Laspeyres) indexes or French-weighted
(Paasche) indexes are used. But comparing 12 or 30 year per capita
revenues for US-matched molecules (Tables 3 and 4), France’s level is
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Table 4b Mean Life Cycle Revenues Per Molecule for Global,

US-Matched and Local Molecules
Discounted Present Values, $1992 USP, Converted to $US at
Launch Date Exchange Rates?

Relative to the US (US=1)

Global US-Matched Local
Molecules® Molecules Molecules®
Discount Rate Discount Rate Discount Rate

Country Age 0% 5% 10% 0% 5% 10% 0% 5% 10%
Canada  0-12  0.920 0.924 0.927 0.909 0.918 0.927 1.914 1.899 1.880
030 0.853 0.889 0.910 0.848 0.886 0.911 1.083 1.423 1.649
France  0-12 0.832 0.881 0.940 0.817 0.852 0.897 2.904 2.676 2.482
0-30 0.922 0.931 0.962 0.924 0.921 0.936 4.818 4.176 3.430
Germany 0-12 0.518 0.545 0.580 0.388 0.402 0.422 1.373 1.262 1.164
0-30 0.519 0.549 0.582 0.432 0.437 0.445 1.685 1.530 1.346
Italy 0-12° 0.791 0.860 0.942 0.775 0.826 0.885 1.467 1.443 1.426
0-30 0.850 0.869 0.927 0.841 0.847 0.883 2.741 2.207 1.819
Japan 0-12 0.726 0.785 0.855 0.620 0.669 0.727 1.527 1.554 1.584
0-30 0.537 0.649 0.764 0.468 0.559 0.653 1.027 1.255 1.426

UK 0-12  0.530 0.519 0.508 0.460 0.444 0.429 0.817 0.730 0.657
0-30 0.716 0.649 0.590 0.709 0.623 0.543 1.515 1.240 0.958
[N 0-12 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

0-30 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Notes:

a Foreign currency sales in year t converted to $US in year t using exchange rate at
molecule launch date.

b $US in year t converted to constant $US 1992 using US GDP deflator.

¢ Global molecules are molecules available in all seven countries, local molecules are
those not available in the US.

only 6-18 percent lower than the US, depending on the discount rate
and exchange rate used. Conversely, whereas Germany’s price level
exceeds that of the US for the Laspeyres index in Table 5 (US weights),
Germany has the lowest discounted per capita revenues for US-
matched molecules (Tables 3 and 4): just 39-43 percent of US levels
for the first 12 years, and 43-57 percent of US per capita revenues for
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Table 5 Price Indexes Relative to the US, 1992
All Single-molecule Drugs, Matched by MOL/ATC, Outpatient
Pharmacy Sales

Country Laspeyres-PSU Paasche-PKG N
Canada 1.030 0.664 458
France 0.701 0.416 412
Germany 1.273 0.521 471
Ttaly 0.907 0.331 406
Japan 0.923 0.486 396
UK 0.761 0.479 453
UsS 1.000 1.000 922
Notes:

Laspeyres = US weights.

Paasche = foreign weights.

PSU = price per standard unit.

PKG = price per gram.

MOL/ATC = molecule/therapeutic category.

the full 30 years, with the increase reflecting the higher per capita con-
sumption of older molecules in Germany.

The UK has the lowest per capita expenditures of all countries for
global molecules, regardless of the discount rate, for both 12 and 30-
year life cycles, using sales date exchange rates. Using launch date
exchange rates, the UK is either lowest or second lowest after Germany
for the first 12 years, depending on the discount rate used. Over the
full 30-year life cycle, German average per capita revenues per
molecule, based on launch date exchange rates, are the lowest.

In Canada, France, Italy and Japan, per capita revenues per
molecule relative to the US are generally lower for the full 30-year life
cycle than for the first 12 years, indicating that the value of sales in
these countries declines relative to US sales after patent expiration. The
two exceptions are Germany and the UK, for which the 30-year sales
ratios are higher than the 12-year sales. For the UK, this reflects the
relatively high volume of older molecules (see Figures 2a and 2b). As
discussed earlier, for other countries the decline in per capita sales rela-
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tive to the US after patent expiration reflects the more rapid decline in
those countries’ prices, which more than offsets the generally higher
volumes per capita of older drugs. These 30-year differences are less at
launch date exchange rates than at year of sale exchange rates. As with
prices, these measures of excess US life cycle sales, relative to non-US
sales, are exaggerated because the US sales data do not reflect discounts
to managed care and public buyers. Moreover, to the extent that gener-
ic shares are relatively large in the US, these differences in total revenues
overstate US revenues that accrue to originator firms.

Not surprisingly, the 30-year measures of relative life cycle revenues
are more sensitive to the discount rate than the 12-year measures. In par-
ticular, using a higher discount rate generally increases foreign revenues
relative to the US, because the relatively high US sales at later ages receive
less weight at higher discount rates. For example, for Italy, 30-year per
capita revenues per molecule for global molecules are 65.6 percent of US
levels with no discounting and using sales date exchange rates but are
86.2 percent of US levels using a 10 percent discount rate (Table 3).

The 12-year revenues per molecule for global molecules show
Canada, France and Italy with less than 7 percent lower life cycle per
capita revenues than the US, at either sales or launch date exchange
rates, using the 10 percent discount rate as the most reasonable esti-
mate of the real cost of capital for pharmaceutical firms. Japan would
probably be at a similar level to these four countries or even higher,
after reasonable adjustment for the downward bias in our data on out-
patient sales in Japan. By contrast, Germany and the UK are over 40
percent lower than the US. Thus the conventional view of the UK
and Germany as relatively high price countries is misleading as a guide

to life cycle per capita revenues.

3.7 Number of Competitors

Figure 5 shows the mean number of manufacturers per molecule over
the life cycle. The existence of multiple manufacturers at ages before
patent expiration presumably reflects licensed co-marketing and co-
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promotion arrangements. The increase in number of manufacturers
after patent expiration reflects the entry of generic competitors. Thus
although our data do not identify originator, licensee and generic pro-
ducers, these data on number of manufacturers provide some evidence
of cross-national differences in number of generic competitors and
hence of the potential for upward bias in our estimates of life cycle rev-
enues that accrue to originators at post-patent ages.

Italy has the largest number of manufacturers per molecule
through to age seven, which is consistent with anecdotal reports that
the regulatory system in Italy (and possibly France and Japan) has
encouraged co-marketing with local manufacturers in return for high-
er regulated prices. Japan has a relatively large number of manufac-
turers throughout the life cycle, particularly at older ages although
fewer than in Germany and the US. This relatively large number of
manufacturers for older molecules in Japan, despite a very small gener-
ic market, may reflect pressures for co-promotion with local manufac-
turers that existed for older molecules but has declined for more recent
molecules.

These data on numbers of competitors suggest that our molecule
estimates of life cycle revenues for the 30-year life are most likely to be
upward biased estimates of originator revenues for the US, followed by
Germany. After age eight, the US has more manufacturers per
molecule than any other country, and this excess grows rapidly in the
early years after patent expiration and then again after age 20.
Although the larger size of the US market is expected to support more
manufacturers, the fact that the US has fewer molecules than several
much smaller countries suggests that the US’s larger number of gener-
ic manufacturers per molecule reflects competitive incentives, not sim-
ply market size.18 Germany, which also has a very robust generic
market, also shows a sharp increase in number of competitors after
patent expiration, but this generic entry occurs about three years later

18 For evidence on the effect of number of competitors on price competition, see
Danzon and Chao (2000b,c)
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in the life cycle in Germany than in the US. The UK and Canada
have few manufacturers per molecule, despite significant generic
shares of prescriptions, which reflects the greater concentration of the
generic drug industry in the UK and Canada than in the US or
Germany. For the UK, our estimates of number of manufacturers
understate the extent of competitive pressure on prices because we are
unable to distinguish between parallel imports and UK-based origina-
tor products.
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he estimates of cross-national differences in discounted present

value of life cycle expenditure per capita, for global or US-
matched molecules, provide the best available measures of the relative
contributions of different countries to the common costs of R&D on
a per capita basis. However, these estimates are subject to several lim-
itations, reflecting the constraints of the data.

First, the measures here are based on gross revenues, whereas mea-
sures of manufacturer net revenues or contributions to joint costs
should subtract out country-specific costs but such data are not avail-
able. However, this apparent limitation is less serious than it might
seem, because of the arbitrariness of accounting allocations of joint
costs. Joint costs include R&D, which is a global joint cost, and pri-
mary production of the active ingredient, which is typically concen-
trated in one or two sites per company worldwide to take advantage of
scale economies. Secondary production (processing and packaging)
facilities often serve multiple countries, and even promotion and mar-
keting expenditures may be country-specific but joint across several
products. Accounting allocation of these joint costs through transfer
pricing is driven largely by tax and regulatory concerns, whereas eco-
nomic considerations would allocate joint costs based on demand.
Thus, even if country-specific accounting data on costs were available,
such data would at best be a rough approximation to true economic
costs.1? Country-specific costs related to promotion, secondary pro-
duction and sales may differ due to market and regulatory conditions
in each country. To the extent that higher gross sales are associated
with higher variable costs of production and promotion, our cross-
national differences in gross revenues overstate differences in net rev-

enues. This is most likely for countries such as France, where relatively

19 Grabowski and Vernon (1990) report rough estimates for the US of variable costs as
a percent of sales, and use estimates of average cost per new chemical entity to calculate
the net return or profit of R&D. These calculations estimate non-US net sales simply
by applying a multiplier of roughly two to US revenues. Neither this nor other previous
studies decompose life cycle revenues into prices and volumes, either for the US or for

other countries.
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high per capita gross revenue reflects high volume rather than high
prices,.

Second, the market and regulatory environment has changed in
most countries since the period of our data. In the US, per capita vol-
umes have increased, with the growth of outpatient drug coverage in
the 1990s, while post-launch price growth has moderated. Other
countries have experienced changes in their regulatory regimes.
Because all countries have changed, the effect on relative net revenues
across countries is unpredictable.

Third, our estimates are for total revenue for the molecule, which
overstates the returns to originator firms to the extent that revenues
accrue to licensees and generics. The potential bias from including
licensee revenues is probably small, assuming that on average a licensee
assumes costs that roughly offset their share of revenues. Including
generic revenues is a more significant source of upward bias, because
generics in some countries capture a dominant share of post-patent
revenues but incur none of the costs of R&D and promotion that are
borne by originators. Generic market shares differ significantly across
countries and have changed over time as a result of reimbursement and
regulatory changes in several countries, notably the US and
Germany.20 Our measures of life cycle revenues are therefore upward
biased as measures of revenues accruing to innovator firms for coun-
tries with significant generic market shares, notably the US, the UK,
Canada and Germany. This bias should be small for the 12-year life
cycle estimates, assuming a 10-12 year life with patent protection, on
average. The upward bias could be significant for the 30-year life esti-

20 In the US, the 1984 Waxman-Hatch Drug Price Competition and Patent Term
Restoration Act extended patent life for originator firms up to five years to offset time
lost due to regulatory delay, but also reduced the costs and regulatory delay faced by
generics. For early effects, see Grabowski and Vernon (1992). Generic market share in
Germany grew following the adoption of reference pricing in 1989 and physician drug
budgets in 1993. Accurate data on generic market shares are not readily available all

countries. Tkegami et al. (1994) report generic market share of 11 percent in Japan.
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mates for countries where generics capture most of the post-patent
sales. However, the bias in discounted present value is smaller, the
higher the discount rate used, because sales that accrue late in the
molecule life are most affected by discounting.

Fourth, our estimates of prices and revenues in the UK and the US
are further upward biased because our data do not reflect manufacturer
discounts given to managed care and public purchasers in the US and
discounts to pharmacists in the UK. Adjusting for generic shares and dis-
counts might yield US per capita revenues that are comparable to those
of other high expenditure countries such as France. Similar adjustments
for the UK would lower its per capita revenue estimates further, relative
to some other countries but not necessarily relative to the US and possi-
bly Germany and Canada, which also have large generic shares.

Fifth, our estimates are based on molecules for which sales are
observed at each age, without adjustment for the probability of market
exit before age 30. The age-specific revenues should therefore be
viewed as estimates conditional on the molecule remaining on the mar-
ket. These conditional estimates of life cycle revenue may be upward
biased for the unconditional expected revenue for the average molecule.
In addition, because the synthetic life cycle profiles we have construct-
ed reflect different drug cohorts at different ages, if these cohorts differ
— for example, more recent drugs are intrinsically more valuable — then
our estimates of age-price profiles could be biased. However, if such
survivor and cohort biases exist, they apply to all countries, hence the
cross-national comparisons are not necessarily biased.

Sixth, from the perspective of manufacturers’ returns, the life cycle
revenue estimates should ideally be adjusted for cross-country differ-
ences in average country-specific launch delay, because delay reduces

discounted present values.2! Unfortunately, the data available to us on

21 For estimates of cross-country differences in launch delays see, for example, Lasagna
(1989), Wardell (1973, 1978), Schweitzer et al. (1996), Dranove and Melzer (1994).
These studies show that delays in some countries have changed over time and differ by
type of drug. Thus any attempt to adjust our estimates for launch delays could not

simply use a constant delay for each country.
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country-specific molecule launch dates are inadequate to estimate
launch lags. However, to the extent that launch dates reflect the choic-
es of manufacturers in addition to external regulatory constraints, even
if launch lags were known the interpretation would be ambiguous.22
Thus, as with costs, the lack of data on launch dates may not be as
damaging as it might appear.

Finally, although the per capita gross revenue estimates are sugges-
tive of contributions to common costs, no conclusions should be
drawn about the appropriateness of different countries’ contributions.
These are gross measures, whereas net contributions also depend on
costs. More importantly, there is no presumption that per capita con-
tributions should be equal between countries. On the contrary,
Ramsey pricing theory suggests that appropriate contributions depend
on underlying preferences and true demand elasticities, which are
unobservable. Rather, the purpose here is to demonstrate that com-
parisons based solely on prices at a single point in time in some cases
provide very misleading estimates of each country’s relative expendi-
tures or gross contribution based on the full life cycle profiles of price
and volume.

22 Dranove and Melzer (1994) report evidence suggesting that manufacturer strategies

play an important role in determining launch lags in the US

51



52

5 CONCLUSIONS

his analysis has shown that the pattern of price, volume and sales

revenue per capita over the life of a molecule is quite different in
different countries. For the global molecules, which are the same
molecules in all countries, the US appears to have the highest dis-
counted life cycle revenue per capita. However, the US data are
upward biased as a measure of revenue to originator firms, because
they do not net out discounts to managed care and public purchasers
or sales that accrue to generics after patent expiry. If these factors
together bias the US figures upward by roughly 5-10 percent, then the
US per capita life cycle revenues would be comparable to those in
France, Italy and Canada, assuming a 10 percent discount rate.

The UK tends to have relatively high launch prices, along with
Germany and the US, but after age five the UK real prices are in the
lower half of the price distribution across countries. Volume per capi-
ta for new molecules is relatively low in the UK compared to other
countries, whereas older molecules have relatively high volumes. This
pattern of slow diffusion and conservative prescribing, combined with
low prices for older molecules, results in the UK having lower total per
capita lifetime expenditures per molecule for global molecules than
any of the other countries in the sample, at 51-72 percent of US lev-
els, depending on the exchange rate, the discount rate and the length
of life used in the calculation. These expenditure estimates at the
molecule level are upward biased as a measure of revenue to originator
firms in the UK because they do not reflect manufacturer discounts to
pharmacists or generic sales.

By contrast, France has relatively low launch prices and persistent
price decline over the life cycle. But because France has relatively high
volume per capita throughout the life cycle, total lifetime expenditure
per capita in France is second highest, at 83-97 percent of US levels,
depending on the discount rate and length of life. France also has the
highest per capita expenditures on local molecules (molecules that are
available in the comparison country but not in the US), at 2.5-4.8
times the US level, depending on the exchange rate, the discount rate
and length of molecule life cycle considered. The molecule estimates
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for France are not upward biased by unobserved discounts or generic
shares. If we could adjust for these sources of upward bias in other
countries, notably the US, this would be likely to leave France with the
highest per capita gross revenue to originator firms. However, France
would probably rank lower on net revenue, assuming that the rela-
tively high volume is associated with relatively high variable costs.

For Germany, the findings are reasonably consistent with conven-
tional wisdom for prices but not for volumes or life cycle revenue.
Germany has relatively high price per unit, compared to other coun-
tries, although the differential narrows at older molecule ages and is
less for price per gram. But Germany has relatively slow diffusion of
new molecules and relatively high utilization of older molecules, such
that overall expenditure per capita for global molecules is second low-
est of the countries studied, at 52-66 percent of the US level.
Germany has relatively high expenditure per local molecule for the 30-
year life and a large number of local molecules. Overall, Germany’s
high aggregate spending per capita appears to result more from its
large number of molecules than from high expenditure per molecule.

For local molecules, per capita expenditures are higher in all coun-
tries than in the US, with the exception of the UK, which has lower
per capita sales on local molecules than the US for the 12-year life,
whatever the discount rate used, and for the 30-year life too if a 10
percent discount rate is used.

Japan has higher per capita sales than the US for local molecules,
whereas the reverse is true for global molecules. Since our data are
downward biased for total outpatient sales in Japan, Japan’s true gross
sales for global molecules are probably close to US levels and for local
molecules the excess is even greater than reported here.

These findings confirm that, compared to the other countries in
our sample, the UK and the US tend to spend less absolutely on local
molecules that have not achieved broad diffusion, which plausibly are
less effective molecules. Other countries spend more absolutely and
devote a larger fraction of their total drug spending to these less broad-
ly diffused, local molecules.
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5 CONCLUSIONS

For the global molecules, the lifetime revenue per capita measures
provide the best available measure of the contribution of different coun-
tries to the common costs of R&D, because they combine price and vol-
ume over a molecule’s entire life cycle. However, as measures of relative
contributions they are imperfect for several reasons. First, these gross
sales measures overstate net revenues, i.e. gross revenues less the variable
costs of production and sales. This upward bias is greater in countries
with high volume but low prices, such as France. Second, these measures
of gross per capita revenue include sales of generics as well as originator
products. These estimates therefore provide a more upward biased mea-
sure of returns to originator R&D for the 30-year life than the 12-year
life, particularly for countries where generics capture a large market share
after patent expiration, such as the US, Germany, the UK and Canada.
Third, these gross sales figures do not reflect discounts to pharmacists in
the UK and rebates to managed care and public payers in the US.

Taking these various sources of bias roughly into account, using 10
percent discount rates and sales date exchange rates the UK has lower
per capita lifetime expenditures per molecule than other countries.
For the other countries, these lifetime expenditure comparisons over-
turn at least some of the conventional conclusions based on point-in-
time price comparisons. In particular, France and Italy are closer to
the US than appears from simple price comparisons, with less than 9
percent lower per capita revenues for the 12-year life. Germany had
average prices comparable to the US in 1992, but is second lowest
(after the UK) in terms of life cycle revenue per capita for both global
and US-matched molecules, although not for local molecules.

Since this is a descriptive study, it does not provide a basis for
detailed policy conclusions. However, the results do indicate the lim-
itations of single point-in-time price comparisons as a measure of the
relative contributions of different countries to the common costs of
R&D. If international comparisons are to be used as a basis for price
regulation, then the comparison should take into account cross-
national differences in the full life cycle path of prices and volumes,
not simply prices at launch or at any other single point in time.
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APPENDIX: ALGEBRAIC FORMULATIONS

Exchange Rate Adjustment Using Launch Date
Exchange Rates

IfLC,

ijt
t, this is converted to constant 1992 $US as follows:

denotes sales of molecule i in local currency of country j in year

$19921jt = LCijt X (USDIJI/LCIJI) X GDPuSt,92

where USDy;1/LC;; is the exchange rate between local currency j and
the US dollar in the year of launch of molecule i in country j, and
GDPW, g, is the change in the US GDP deflator between year t and
1992.

Age-Specific Expenditure, Price and Volume per Capita

All reported sales data are converted to constant 1992 US dollars,
using either sales date or launch date exchange rates and US GDP
deflator inflation adjustment. For each country and molecule age, we
compute country-specific expenditures per capita using reported sales
for all molecules in the sample at that age in that country for any year
in our observation period 1981-1992.

For example, for age s in country j, mean expenditure per capita ¥

is defined as:

nsjt T
)2 3 Egt/Z;
i=1 t=t;

eSj = (l/nsjt

where Zj‘ = population in country j in year t, t; = 1981, T = 1992,
Ejj* = total sales of molecule i in country j at age s in year t, and ngj; =
number of molecules in country j with sales at age s in year t.

Similarly, volume per capit.a for age s i.n country j, qg;, is the aver-
age over all molecules at age s in country j:
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nsjt T
qu = (l/nSjt) 2 2 Q_lSJt/Z]t
i=1 =t

where Q;* is total units (either standard units or grams) sold for all
products in molecule i at age s in year t in country j.

The unweighted mean price per unit at age s in country j is the
average over all molecules of the molecule-specific average price per
unit (averaged over products, presentations and strengths):

nsjt
P = (I/ng) 3 Ejt/Qst
i=1

where Ej;t and Q" are, respectively, total expenditure and total units
(either standard units or grams) sold for molecule i at age s in year t in
country j.

We also defined a weighted mean price per unit, which weights
each molecule-age by its share of expenditures at that age:

nsj
stw =% (Eisjt/Qisjt) Wisj
i=1

where Wigj

country j that is attributable to molecule i.

is the share of total expenditures on molecules of age s in

The discounted present value of lifetime revenue per capita for the
average molecule in country j, PVR;, is:

S
PVRJ = 2 eSj (1+l’)_s
s=1

where r is the real discount rate and S is the number of years in the
molecule’s economic life.

We report results for values of r = 0, 5 and 10 percent. A discount
rate of zero simply shows total life cycle revenue without discounting,
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a 10 percent discount rate corresponds roughly to previous estimates
of the real cost of capital for pharmaceutical firms,23 and 5 percent is
often used as a social discount rate.

23 DiMasi et al. (1991) estimate a beta of one for the pharmaceutical industry and a
real cost of capital of 10 percent. Myers and Shyam-Sunder (1996) estimate a higher
cost of capital for early stage research. Drawing on these ideas, US Congress OTA
(1993) used a real average cost of capital of 11 percent.



Figure I Number of Global Molecules, by Molecule Age?

a Global molecules are molecules with sales in at least one year in each of
the seven countries.
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Figure 2a Mean Volume (Standard Units) per 1,000 Population

for Global Molecules, by Molecule Age
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Figure 2b Median Volume (Standard Units) per 1,000 Population
for Global Molecules, by Molecule Age
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Figure 3a Mean Revenue per 1,000 Population for Global

Molecules, by Molecule Age, Sales Date Exchange Rates
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Figure 3b Median Revenue per 1,000 Population for Global

Molecules, by Molecule Age, Sales Date Exchange Rates
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Figure 3c Median Revenue per 1,000 Population for Global

Molecules, by Molecule Age, Launch Date Exchange Rates
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Figure 4a Mean Price per Standard Unit, Unweighted, for Global

Molecules, by Molecule Age, Sales Date Exchange Rates
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Figure 4b Median Price per Standard Unit for Global Molecules,
by Molecule Age, Sales Date Exchange Rates




Figure 4c Median Price per Gram for Global Molecules, by

Molecule Age, Sales Date Exchange Rates
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Figure 5 Mean Number of Manufacturers per Molecule for
Global Molecules, by Molecule Age
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