
HEALTH ECONOMICS

Health Econ. 14: 269–292 (2005)

Published online 2 September 2004 in Wiley InterScience (www.interscience.wiley.com). DOI:10.1002/hec.931

ECONOMICS OF THE PHARMACEUTICAL INDUSTRY

The impact of price regulation on the launch delay of new
drugs}evidence from twenty-¢vemajor markets in the1990s

Patricia M. Danzona,b,*,y, Y. Richard Wangb,c and Liang Wangd
aHealth Care Systems Department, The Wharton School, University of Pennsylvania, USA
bLeonard Davis Institute of Health Economics, University of Pennsylvania, USA
cPublic Policy Department, AstraZeneca Pharmaceuticals, USA
dStatistics Department, The Wharton School, University of Pennsylvania, USA

Summary

We analyze the effect of price regulation on delays in launch of new drugs. Because a low price in one market may
‘spill-over’ to other markets, through parallel trade and external referencing, manufacturers may rationally prefer
longer delay or non-launch to accepting a relatively low price. We analyze the launch in 25 major markets, including
14 EU countries, of 85 new chemical entities (NCEs) launched between 1994 and 1998. Each NCE’s expected price
and market size in a country are estimated using lagged average price and market size of other drugs in the same (or
related) therapeutic class. We estimate a Cox proportional hazard model of launch in each country, relative to first
global launch.
Only 55% of the potential launches occur. The US leads with 73 launches, followed by Germany (66) and the UK

(64). Only 13 NCEs are launched in Japan, 26 in Portugal and 28 in New Zealand. The results indicate that countries
with lower expected prices or smaller expected market size have fewer launches and longer launch delays, controlling
for per capita income and other country and firm characteristics. Controlling for expected price and volume, country
effects for the likely parallel export countries are significantly negative. Copyright # 2004 John Wiley & Sons, Ltd.

Keywords new chemical entity (NCE); new drug launch; pharmaceutical price regulation; parallel trade; external
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Introduction

The purpose of this study is to analyze the role of
pharmaceutical price regulation as a contributor
to delays in launch of new drugs. Launch delay,
defined as months between the drug’s first global
launch and launch in a specific country, varies
significantly across countries. Delay in launch of
new drugs may be costly to some consumers, if the
new drug were cost effective relative to available

alternatives. Delay is also costly to the manufac-
turer because the drug’s patent continues to run
regardless of whether the product is on the
market.a Each day of delay can mean loss of
revenues worth millions off dollars for high
volume drugs, assuming the potential sales price
exceeds marginal cost. Delays in launch of new
drugs increased in the US following the 1962
Amendments to the Food, Drug and Cosmetics
Act, which required that manufacturers show
proof of efficacy in addition to safety and good
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manufacturing practices (GMP), before obtaining
authorization to market a new drug, and other
countries adopted similar measures. Several stu-
dies (for example [1]) documented the US ‘drug
lag,’ relative to other industrialized countries in the
1970s, and Peltzman [2] estimated the costs and
benefits of the increased delay following the new
requirements for proof of efficacy.

In the 1990s, the US and the countries of the
European Union (EU) adopted initiatives to
accelerate the regulatory approval process. The
US adopted user fees, which are paid by compa-
nies that submit drugs for regulatory review and
are used to hire more reviewers. In 1995, the EU
established the European Medicines Evaluation
Agency (EMEA), which offers a centralized EU-
wide authorization process as an alternative to
going through each country’s own regulatory
authority, as was previously required. A second
alternative under the auspices of the EMEA is the
mutual recognition approach. Under mutual
recognition, the originator firm submits the NCE
for approval in one country and files for mutual
recognition in other countries; once this rappor-
teur country has granted approval, the drug is
automatically approved in the other countries
unless they object within 90 days. The centralized
procedure is required for biotechnology products
(List A); it is optional for other products (List B)
but more pharmaceutical manufacturers have
chosen it in recent years. During the 1998–1999
period, 37 out of the total 52 new molecular
entities were approved for market authorization in
the EU countries through the EMEA centralized
procedure [3]. These measures have significantly
reduced delays in authorization. The EMEA
centralized procedure reduced approval times to
approximately 15 months [3]. Healy and Kaitin [4]
report concordance of overall review time between
the EMEA centralized procedure and the US
FDA.

In addition to proof of safety and efficacy, many
countries also require that the manufacturer of a
new drug obtain approval of the price and/or prior
approval of eligibility for reimbursement through
their health care systems. Most industrialized
countries require such price/reimbursement ap-
proval, although details of the regulatory systems
differ across countries. By contrast, the UK, the
US and Germany do not require centralized price
approval, although in the UK since April 1999 the
reimbursement of some drugs has been subject to
review by the National Institute of Clinical

Excellence (NICE). Thus the total delay can have
several components: manufacturer delay in sub-
mitting the drug for market authorization; reg-
ulatory delay in obtaining authorization;
manufacturer delay in submitting for price or
reimbursement approval; regulatory delay in
reaching agreement on reimbursement and price;
and post-approval publication or listing delay,
before the product can be reimbursed. Not all
elements apply in all countries. As the authoriza-
tion process has become more streamlined, delay
in price and reimbursement approval may play a
relatively more important role in overall launch
delays.b

Previous studies have documented average
launch delays for various countries and time
periods, with most focus on the European Union
(EU). Precise measures differ, depending on the
countries under study, the time period, the sample
of drugs and the measure of delay. Data on each of
the separate components of delay are generally not
available. The Boston Consulting Group [6]
reports that countries with more regulation tend
to get access to new drugs relatively later than
those with fewer regulations. Greece, Belgium, and
France (which regulate launch prices) had the
longest average delay between drug approval and
marketing (over 9 months), whereas Germany, the
US, and the UK (which do not regulate launch
prices) had the shortest average delay (less than 2
months). For the EU countries, Europe Econom-
ics [7] reports the average days from application
for mutual recognition to award and the average
days from application for price and reimbursement
to award. In Belgium, France, Greece and
Portugal, the delay in obtaining reimbursement
approval was at least twice as long as the delay in
market authorization. CMR International and
Office of Health Economics [8] examined the
country of first launch for new molecular entities
and found a shift from Europe and Japan in the
early 1990s toward predominantly the US in the
late 1990s. The UK Pharmaceutical Industry
Competitiveness Task Force [9] examined trends
in total delay and post-authorization delay for new
molecular entities in a selected group of countries
in the early and late 1990s. For most countries, the
lag between first world application and application
in that country declined in the late 1990s, with
Japan being the notable exception. The lag
between application and approval also declined,
but the decrease was minimal in Japan. The lag
from approval to launch also generally decreased,
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with France having the longest lag in both time
periods.c

Companies have strong financial incentives to
launch as early as possible, because the drug’s
patent continues to run regardless of whether the
product is on the market. However, in recent years
the growth of parallel trade in the EU and the
tendency for countries to regulate their domestic
prices based on prices in other countries (hereafter,
external referencing) mean that a low price granted
to one country may undermine the price the firm
can obtain in another country [11–13]. The risk of
price spillovers is expected to make companies
more willing to delay launch or forego launch
entirely in low-priced countries, particular in
countries where potential sales volume is small.

All of the previous studies for the 1990s report
simple mean lags for each country. None used
multivariate analysis to distinguish effects of price
levels from other country-specific characteristics,
such as income per capita and potential for price
spillovers due to external referencing and parallel
trade, nor do they examine whether manufacturers
trade off between price and delay and how this
may vary by market size, by type of drug and
characteristics of the firm(s) responsible for
launch. Another limitation of previous studies is
the failure to distinguish between potentially
‘global’ drugs, which can meet the strictest
regulatory standards for safety and efficacy, and
‘local’ drugs that probably could not meet the
strictest regulatory hurdles for efficacy in some
countries. Many NCEs are local, that is, they are
launched in only a few countries and are not
submitted for approval in all major markets, in
particular, not to the US FDA, the EU EMEA or
the UK Medicines Evaluation Agency. Since the
US and Europe are the largest potential markets,
the failure to seek approval in these countries
suggests that these compounds would probably
not pass the stringent standards of efficacy set by
these and other relatively strict regulatory autho-
rities. Prior analyses that include these local
compounds that do not have the potential for
global launch could yield biased estimates of delay
for the global compounds, if propensity to accept
local compounds is correlated with low prices and
other determinants of delay for global compounds.
The availability of NCEs varied significantly
across major markets in the 1990s. Of the total
of 413 new molecular entities launched in the
1990s, the US had the greatest number launched
(229) and only 35 were available in the seven

markets studied, specifically, the US, UK, Ger-
many, Japan, France, Canada, and Australia [8].
Estimates of average delay in a country, based
solely on the products that were launched in that
country, may be biased because the resulting
averages reflect different products and time periods
in each country. A further source of potential bias
is the treatment of censoring. Previous studies
typically use the end of their study periods to
calculate delays for not-yet-launched new drugs,
which underestimates true differences in launch
delay.

In this study, we focus on launch lags in 25
major markets for a sample of 85 potentially
global compounds, defined as NCEs that were
launched in the US or the UK for the outpatient
market. Since these two countries are widely
recognized as having relatively stringent standards
for market authorization, drugs that enter at least
one of these countries can be assumed to have
potential for global launch. Our measure of launch
in a country is first outpatient (retail) sales
reported by IMS Health. We focus on the launch
of new drugs in the outpatient or retail sector,
because price regulation in most countries focuses
on outpatient prices. Hospital prices are often
negotiated between the manufacturer and the
hospital, and launch is often earlier in the hospital
sector. However, delay in obtaining regulatory
approval of price and reimbursement for the
outpatient sector is critical, because this sector
accounts for roughly 80% of sales for most
products in most countries. We use a Cox
proportional hazard model to estimate the effect
of expected price, expected volume and other
factors on lags in launch and non-launch in the 25
major markets.

Our data do not distinguish between delay due
to market authorization and delay in obtaining
price/reimbursement approval. However, we also
estimate the model for the 14 EU countries for the
29 NCEs that were approved through the EMEA
centralized authorization procedure. For these
NCEs, market authorization occurred simulta-
neously for all countries and hence the observed
delays are purely related to price/reimbursement
approval, including any post-approval delays. We
do not measure price regulation directly, because
the complexities of different countries’ regulatory
systems cannot be reduced to simple scalar
measures. Rather, we use the country-specific
average price of competitor drugs already on the
market as a measure of the net effect of each

Economics of the Pharmaceutical Industry 271

Copyright # 2004 John Wiley & Sons, Ltd. Health Econ. 14: 269–292 (2005)



country’s price regulation scheme. Hereafter we
refer to lagged, average price of competitors as the
ex ante expected price, since regulatory systems in
many countries use prices of established products
as a benchmark for setting prices of new products.

We find that the hazard of launch is significantly
positively related to expected price. This result is
robust to including country fixed effects and
income per capita, which is a positive contributor
to launch hazard. Launch hazard is also positively
related to expected sales volume, consistent with
the hypothesis that manufacturers rationally weigh
foregone sales in their launch strategies. Control-
ling for expected price, market size and income per
capita, some country effects are significant. We
find similar results for the sample of EMEA-
approved NCEs, with larger effects of price
compared with the full sample of countries and
NCEs. Significance levels are lower for the EMEA
sample when we include country fixed effects,
possibly due to the small sample of only 29 EMEA
NCEs. These findings suggest that price regulation
does contribute significantly to launch delay and
that other country-specific factors also play a role.
The similarity of results between the EMEA
sample and the full sample suggests that the
results for the full sample reflect primarily delay
in price/reimbursement approval rather than
market authorization.

Theoretical framework

We hypothesize that the launch outcomes (occur-
rence and timing of launch) in a country reflect the
interactions of the drug manufacturer and the
government agencies in a two-stage process of
market authorization and price/reimbursement
negotiation. Depending on the country, the total
launch delay can include delay in obtaining market
authorization, which is required in all countries,
and delay in negotiating a price or reimbursement
level. Our interest is in the price/reimbursement
delay, which is expected to add delay for countries
that regulate prices.

The government in country j is assumed to have
a reservation or maximum offer price. Under many
prevailing regulatory systems, this maximum offer
price is based on prices of existing products in the
same therapeutic class, possibly with a mark-up if
the new drug can demonstrate superior efficacy,
safety, etc. More formally, if the government

estimates an incremental cost-effectiveness ratio
(ICER) for a new drug relative an existing
comparator drug, the maximum price at which
the new drug i is cost-effective in country j, Pmax

nij ,
can be written as

Pmax
nij ¼ Poij þ ðCnij � CoijÞ þ kjðYjÞðEnij � EoijÞ ð1Þ

where Poij is the price of comparator or existing
drugs in country j, ðCnij � CoijÞ is the difference in
cost-offsets (for example, reduced hospital days)
between the new drug and the existing drug,
ðEnij2EoijÞ is the difference in efficacy, kjðYjÞ is the
ICER threshold used in country j, and subscripts n
and o denote new and old, respectively. We
assume that k depends on per capita income in
the country, Yj. Of course, at this maximum price
the manufacturer would extract all social surplus
from the new drug, so some bargaining down from
this level is likely. Although most government
regulatory systems informally consider cost-effec-
tiveness relative to existing drugs as one factor in
their reimbursement decisions, most consider
other factors.d Nevertheless, to the extent that
ICERs are considered, Equation (1) suggests that
the government offer price for a given drug would
vary across countries based on differences in the
price of existing products, costs of other medical
resources and differences in ICER thresholds,
which are plausibly related to per capita income.
Given this maximum offer price, a government
may be willing to accept delay in launch, rather
than accept a price that it considers unjustified or
that would lead to expenditures in excess of its
target drug budget. Concern for budgetary impact
may lead to greater focus on drugs with relatively
large potential volume, Qij . The government’s
offer price for product i in country j, POffer

nij , can
thus be written as

POffer
nij ¼ gðPmax

nij ;QijÞ ð2Þ

We assume that the firm seeks to maximize
expected net revenue across all potential markets.
If all markets are separable, the firm would
rationally launch promptly in all markets and
charge higher prices in countries with relatively
high per capita income, assuming that income is
either positively related to ICER thresholds and/or
prices of existing products or that income is
inversely related to price elasticity of demand.
Other things equal, the firm would rationally
accept a lower price in return for speedier market
access. However, this strategy is less attractive if
markets are not separable due to parallel trade and
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external referencing. Thus if a firm accepts a low
price in say France, it may not only undermine its
future price in a not-yet-launched country, say,
Italy, due to external reference pricing, but may
also undermine its current higher price in, say, the
UK, due to parallel exports from France. Conse-
quently, it may be preferable to continue negotia-
tions for a higher price in France, because the
delay-induced loss of sales in France may be less
than the revenue loss that would occur in other
markets due to spill-over of a low price in France
through parallel trade and external referencing.
The opportunity cost of foregone sales due to
launch delay is directly related to market size. This
simple model implies that the firm’s reservation or
minimum ask price would fall within a relatively
narrow band in all countries that are potentially
connected. The firm’s reservation or ask price in
country j, PAsk

nij ; can be written as

PAsk
nij ¼ f ðYj ;Qij jPAsk

nij > PMin
nij ðXiÞÞ ð3Þ

where PMin
nij is the reservation or floor price below

which the firm will not launch in country j, and Xj

denotes country j’s propensity for spillovers due to
referencing and parallel exports. The firm may
accept delay and, in the limit, forego launch
entirely, rather than agree to a relatively low price
in one country, particularly in a country that is
small or is likely to become a source of parallel
exports to other, potentially higher-price markets.

The trade-off between price and delay is
expected to differ across markets and across
products within markets. Countries in the EU
are more exposed to spillovers than non-EU
countries, because the EU explicitly permits
parallel trade between EU member countries (but
not from outside the EU) and several EU countries
use external referencing formally or informally in
their price regulatory process.e The parallel trade
risk is also expected to be higher for high-volume
products than for smaller volume products,
assuming that the parallel trader incurs certain
fixed costs of obtaining a licence, etc. The larger
the potential volume, the greater the opportunity
cost of delay for the firm but the greater the
potential source of supply of parallel exports. Thus
the net effect of market size on the firm’s ask price
is negative if the opportunity cost of foregone sales
exceeds the expected revenue loss from parallel
exports. Ideally, we would like to test for effects of
growth of parallel trade directly by using differ-
ence-in-differences analysis applied to countries

that are significant parallel exporters vs those that
are not. This is not possible because the parallel
trade threat cannot be accurately measured and
because price spillovers due to both parallel trade
and external referencing were significant through-
out our study period. We discuss below the role of
parallel trade in observed differences across
countries and perform a rough a test for the
effects of the EMEA, which reduced costs to
parallel traders.

Bargaining results in launch of the product if the
government’s offer price equals or exceeds the

firm’s ask price, POffer
nij 5PAsk

nij : If this condition is

not met, PAsk
nij � POffer

nij > 0 and the greater this
difference, the longer the delay in launch. The
hazard function of launch for product i in country
j can thus be written as

hijðtÞ ¼ hðPAsk
nij ðYj ;Qij ;XjÞ;POffer

nij ðPoij ;Yj ;QijÞ;S;HÞ

ð4Þ

where S denotes a firm’s prior experience and H
denotes the originator firm’s home country status.f

We hypothesize that the launch hazard will be
greater for a firm with more negotiation experience
or a firm that is launching in its home country. The
efficacy differential ðEin � EioÞ is assumed to be
similar across all countries. The cost offset
differential ðCin � CioÞ is also expected to be
similar across countries, except possibly due to
differences in medical price levels which may be
correlated with income.

Ideally we would estimate a full structural
model, including equations for offer and ask
prices, final approved price if any, and launch
date. Given the limitations of our data, in this
paper we estimate a reduced-form equation for the
hazard (occurrence and delay) of launch, as a
function of the determinants of the firm’s ask price
and the regulator’s offer price. The reduced form
hazard equation can be written as

hijðtÞ ¼ hðPoij ;Qoij ;Yj ;Xj ;S;HÞ ð3Þ

The launch hazard is expected to be positively
related to the price of competitor products Poij and
to income Yj ; the expected effect of volume Qo is
positive if the cost of foregone sales to the firm
dominates its concern over spillovers and the
regulator’s concern over budget impact; launch
hazard is expected to be inversely related to the
potential for spillovers from that country, Xj. We
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define Poij and Qoij as the quantity-weighted
average price of competitor products and the
number of standard units of competitor products
in the same therapeutic class as the new drug to be
launched, in Quarters 3 and 4 prior to the date of
the drug’s first launch in any country. Country
fixed effects are included to control for spillover
risk Xj and other country-specific factors in
specifications that omit per capita income. If per
capita income, operating via ICER thresholds
(and possibly demand price elasticity and cost
offsets of other medical services), were the only
factor contributing to cross-national differences in
drug prices, then the average price of competitor
products would be insignificant after controlling
for per capita income. To the extent that average
price of competitor products is significant after
controlling for per capita income, it provides a
rough measure of the effect of price regulation net
of per capita income. Hereafter we refer to the
average price of competitor products as the firm’s
expected price.g

The indicator variable for whether the firm is
launching in its country of domicile is expected to
be positively associated with launch if either
regulators tend to favor their domestic firms or if
firms are more familiar with the regulatory process
in their home country. A domestic firm may also
anticipate more favorable market uptake of local
products or political backlash from a delayed
home launch. We use a firm’s worldwide out-
patient sales at the beginning of our study period
to represent its global experience. This is expected
to be positive if firms experience significant
learning-by-doing and this experience increases
their competence at managing the launch process.
Since this variable is the same across all countries
for a given firm, it captures the firm’s internal
experience with the launch process in general, not
familiarity with a specific country’s regulatory
system.

This launch hazard equation is estimated
using the Cox proportional hazard model,
taking into account right censoring, that is, the
fact that some products are not launched in some
countries.

Testable hypotheses

Since we lack information on the dates of
application for, and approval of, market author-

ization and price/reimbursement approval, respec-
tively, we cannot distinguish the delay caused by
the authorization vs the price/reimbursement
process, except within the EU countries for the
sample of drugs that went through the EMEA
centralized procedure. We also cannot distinguish
delay due to government’s administrative pro-
cesses vs delay due to disagreement over the price.
However, even if these dates were known, model-
ing these components of delay is complicated by
endogeneity and interactions between the manu-
facturer and the government regulator. For
example, in applying for market authorization,
the manufacturer may initially put a low priority
on countries expected to offer lower prices or
requiring longer price/reimbursement negotia-
tions. Within the EU, the pharmaceutical firm’s
choice of the EMEA centralized or mutual
recognition procedure may depend on product
characteristics, firm experience, and expected
cross-market spillover effects from parallel trade
and external reference pricing. Except for the
subgroup of EU countries and the sample of new
drugs approved through the EMEA centralized
procedure, we only estimate how expected
price and expected sales volume affect the com-
bined regulatory and price/reimbursement
delay. Specifically, this study tests the following
hypotheses:

1. The lower the expected price, the longer the
launch delay, controlling for product, firm, and
country-specific factors, including income per
capita. This would confirm that countries with
lower prices face longer delays in launch.

2. The larger the potential unit sales volume, the
shorter the launch delay. This would confirm
that manufacturers are willing to trade-off price
and volume (and this dominates any concern of
regulators for greater budget impact of poten-
tially high volume products).

3. Within the EU, the common parallel export
countries experience longer launch delays, after
controlling for expected price and expected
sales volume and even for drugs approved
through the EMEA centralized procedure. This
would confirm that manufacturers are willing to
delay launch in order to reduce the risk of
parallel exports.
Two additional hypotheses related to effects of
firm-specific experience are also tested:
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4. Ceteris paribus, a firm with more global
experience is predicted to have shorter launch
delays.

5. Ceteris paribus, a firm is expected to launch
earlier in its home country.

Data andmethodology

Our data are from two databases from IMS
Health, a global market research company. IMS
Drug Launches database (currently known as New
Product Focus), hereafter called DL, reports new
drug launches in 60 major markets of the world,
with data on their NCE status, trade names, active
ingredients, marketing companies, pack descrip-
tion, launch date, indication, therapeutic class, etc.
We are interested in the launch experience of
global NCEs in the 1990s in the retail markets of
the 25 major markets that are listed in Table 3. We
define a ‘global’ NCE as a NCE launched in either
the UK or the US during the study period. The
assumption is that manufacturers would seek to
launch a NCE in either or both of these markets if
the NCE could pass these countries’ relatively
stringent hurdles. Thus there is a strong presump-
tion that NCEs that were launched in at least one
of these markets could meet regulatory require-
ments of other markets. We focus on launch in the
outpatient sector because this accounts for roughly
80% of total drug sales in most countries and
because price regulation focuses on prices for the
outpatient sector.

Using the DL database, we identified a total of
220 NCEs launched between October, 1994 and
September, 1999. Of these, we excluded 80 NCEs
because they were launched only in the hospital
sector. An additional 45 NCEs were excluded due
to no launch in the US or the UK. Finally, 10
NCEs that were first launched after October 1998
were excluded to allow a minimum observation
period of 12 months for launch in other countries.
Our final sample thus consists of 85 global NCEs
that were first launched in the outpatient sector
between October 1994 and October 1998. Of these,
29 NCEs were approved through the EMEA
centralized procedure, including four biotech
products (List A) for which approval through the
centralized procedure is mandatory [15].

For these 85 NCEs, we extracted outpatient
launch date (month/year) and other sales char-

acteristics from the IMS MIDAS database.
MIDAS contains sales data on prescription drugs
from country-specific audits of wholesalers and
other sources. For each product in each country,
MIDAS reports the molecule name, therapeutic
class, international and local brand names, launch
date, manufacturer(s), ex-manufacturer price, for-
mulation, and sales volume for hospital and retail
channels. We obtained MIDAS sales data for the
24 quarters between the fourth quarter of 1993 and
the third quarter of 1999. We used sales data in
Quarters 3 and 4 prior to a NCE’s first launch date
to estimate expected price and expected sales
volume (see details in Variable Definitions below).

Variable definitions

We define a NCE’s global launch date as the
earliest of country-specific launch dates in the 25
study countries’ retail markets. This is likely to be
the first retail launch worldwide, as these 25
countries include all the major pharmaceutical
markets. A NCE’s launch delay or lag in a
country, conditional on an observed launch, is
measured as the difference in months between the
global launch date and the country-specific launch
date. In the descriptive statistics table (Table 3), we
report for each country both the number of NCEs
launched in that country during the study period
and the number of NCEs that were launched
within 12 months of their respective global launch
dates.

We use the IMS Anatomical Therapeutic
Classification (ATC) system to categorize NCEs
by therapeutic class.h We define a NCE’s ther-
apeutic class as its 3-digit ATC. The 3-digit ATC is
usually a good proxy for an NCE’s potential
market, especially in the short run.i One notable
exception is that the G4B class (other urological
preparations) may underestimate potential sales
for sildenafil (Viagra). Our 85 global NCEs
represent 36 3-digit ATCs or therapeutic classes.
For four NCEs that established a new 3-digit
therapeutic class, we used a related 2- or 3-digit
therapeutic class for calculating the expected prices
and volume.j Data for five therapeutic classes were
missing in Sweden or Norway, so we had a
theoretical maximum of 2120 instead of 2125
potential launches for the 85 NCEs in the 25
countries. There are 1167 observed launches,
indicating that approximately 45% of launches
did not occur during the study period.
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The MIDAS database reports the ex-manufac-
turer price, that is, the manufacturer’s selling price
to wholesalers. For each NCE, we defined its
competitors’ average price (hereafter expected
price) in a country as the volume-weighted average
price per standard unit (SU) for all products in its
therapeutic class in Quarter 3 and Quarter 4 prior
to its first global launch date. The IMS SU is
defined as the smallest dose for each product form,
for example, one tablet, one capsule, 5ml of liquid,
etc. To the extent that the mix of dosage forms in a
therapeutic category differs across countries, this
weighted average price may not be strictly
comparable across countries but it should be
representative of the expected dosage forms for
that country. Moreover, the alternatives have
similar or worse problems. Price per pack is more
imprecise due to the significant differences in pack
size across countries; another alternative is price
per gram of active ingredient, but the distribution
of price per gram, across dosage forms and across
products within a therapeutic class, is even more
skewed than price per standard unit, resulting in
means that are highly sensitive to the sample
selection. We used this expected price in the
therapeutic category rather than the product-
specific observed launch price for several reasons.
First, price is an outcome of the launch negotia-
tion and is determined simultaneously with launch
delay. We lack the identifying variables necessary
to estimate these two endogenous variables simul-
taneously. Second, the actual launch price is
undefined for the 45% of launches that were not
observed during our study period. In practice, for
drugs that were launched, the expected price and
observed launch price (conditional on launch) are
significantly positively correlated, after log-trans-
formations to reduce skewness and kurtosis
(correlation ratio 0.353, p50:001).k

The MIDAS data, which are usually based on
audit of wholesaler invoices, are the best available
data on ex-manufacturer drug prices. However,
these data overestimate transactions prices in the
US and the UK because they do not reflect off-
invoice discounts. Specifically, the US price does
not reflect off-invoice discounts given by manu-
facturers to managed care purchasers, Medicaid
and other public purchasers. Similarly, the Midas
data for UK prices may not accurately reflect
discounts given to pharmacists by originator
manufacturers to compete with parallel imports
and generics. However, since these discounts in
both countries are usually less in early years of the

product life-cycle, omitting these discounts should
not lead to serious bias for our estimates of
expected launch price. The IMS MIDAS database
we acquired did not identify originator products.
Therefore, we were unable to define expected price
using only originator products, which might be a
better measure of expected price for new launches.
As countries with less price regulation tend to have
more generic penetration [16], our measure of
expected price may be an under-estimate in
countries with relatively loose price regulation
and strong generic penetration, notably the US,
the UK, and Germany. To mitigate these pro-
blems, we include country indicators in some of
the statistical models, which control for all
country-specific factors including measurement
error.

All prices in local currencies are converted to
prices in UK sterling. We chose sterling as our
base currency because the majority of study
countries are European countries. The UK is a
major parallel import market, hence the measure
of other EU prices in terms of sterling is the most
relevant measure for the purpose of considering
the parallel import impact of accepting a parti-
cular launch price. All prices are inflated to
December 1999 pounds, based on the UK whole-
sale price index.

As a measure of expected sales volume, we use
sales in SUs in the therapeutic class in Quarters 3
and Quarter 4 prior to a NCE’s first global launch
date. For Sweden and Denmark, the MIDAS
database only reports the combined hospital and
retail sales. Therefore, our measured expected sales
volume is biased upward in these two countries.
The expected price may also be biased if there is a
systematic difference in prices between the retail
and hospital sectors in these countries. The
presence of country indicators in some of our
statistical models controls for any such bias.

NCEs that are launched in the originator firm’s
home country are identified by an indicator
variable HOME. For recently merged companies,
the HOME indicator is turned on for launches in
both home countries. Finally, we measured a
firm’s global launch experience (SALES) using its
worldwide outpatient sales in pounds sterling in
Quarters 3 and 4 at the beginning of the study
period.

In some models we include GDP per capita to
control for per capita income differences. As the
study countries’ GDP per capita remained stable
during our study period, we simply used the 1997
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per capita GDP in US dollars.l Other countries’
currencies were converted to dollars using 1997
currency exchange rates, rather than purchasing
power parities (PPPs), because parallel trade is
driven by cross-country price differences measured
at prevailing exchange rates.

Statistical model

We use the Cox proportional hazard model to
simultaneously analyze the occurrence of launch of
each NCE in each country and its launch lag,
relative to that NCE’s first launch date (hereafter
called the global launch date) within our 25
countries. Launch lag is defined as number of
months between a country-specific launch date
and the global launch date, with right-censoring at
the end of our study period. In the Cox model, the
launch hazard for NCE i in country j at time t is
the product of two factors:

hijðtÞ ¼ l0ðtÞ expfb1xij1 þ � � � þ b1xijsg

i.e. a baseline, unspecified, non-negative hazard
function l0ðtÞ and the exponential of a linear
function with s covariates, including expected
price, expected sales volume, etc. The Cox model
is semi-parametric in the sense that it does not
specify the baseline hazard function l0ðtÞ and only
estimates the b coefficients using the maximum
partial likelihood method. Specifications of l0ðtÞ
lead to parametric proportional hazards models.
For example, it becomes the Weibull model when
l0ðtÞ ¼ ta (see, for example [17]). For estimation
we use the PHREG procedure in SAS version 8.01
[18]. For an indicator variable with values of 1 and
0, the hazard ratio is the ratio of the estimated
hazard for those with value 1 over the estimated
hazard for those with a value of 0 (controlling for
the other variables). For a continuous variable,
subtracting 1.0 from the estimated hazard ratio
and multiplying by 100 gives the per cent change in
hazard for each one unit change in the explanatory
variable.

The set of explanatory variables contributing to
launch delay includes expected price, expected
volume of units, SALES, HOME, therapeutic
category indicators (1-digit ATCs), and country
indicators (relative to the UK) or GDP per capita.
Log transformations of expected price, expected
volume, GDP per capita, and SALES are used
under the assumption of decreasing (but positive)
marginal effects.

Our key variables of interest, expected price and
expected volume, are potentially correlated with
the country indicators. We estimate three main
Cox models, to test for separate effects of country
characteristics, expected price and volume. First,
the Country Comparison model includes only
country indicators, SALES, and main therapeutic
class (1-digit ATC) indicators. In this model, the
country indicators reflect the combined effect of all
country characteristics, including expected price,
expected volume, per capita income, and all other
country characteristics, including the price regula-
tory system and other factors affecting expected
risks or returns, such as years of data protection or
restoration of patent life for time spent in clinical
trials or under regulatory review. The coefficients
for the lower-price countries, including parallel
export EU countries, are expected to be negative.
The coefficient for SALES is expected to be
positive, if experience increases a firm’s productiv-
ity in bringing new drugs to market. Second, the
Expected Price-Volume model includes expected
price, expected volume, GDP per capita, SALES,
HOME, and main therapeutic class indicators but
excludes country fixed effects. In this model, the
coefficients for expected price, expected volume,
GDP per capita, and HOME are expected to be
positive. Finally, we estimated the Full model with
all explanatory variables except GDP per capita,
which cannot be included with country fixed
effects, due to collinearity. Including country and
ATC fixed effects, the expected price and sales
volume variables measure the within-therapeutic-
class variation over time in the same country. The
country indicators reflect country effects other
than expected price and volume, such as GDP per
capita, bureaucratic delays or country-specific
propensities to be a base for parallel exports or
for external referencing, or other factors affecting
expected risks or returns beyond the pure price
and market size effects.

As described earlier, since 1995 the EU has
offered a choice of two alternative routes for
market authorization – centralized procedure or
mutual recognition.m The centralized procedure is
required for biotechnology products (List A) and
optional for other innovative drugs, but more
pharmaceutical manufacturers have chosen it in
recent years (List B). The centralized procedure is
intended to accelerate the market authorization
process, by granting a single EU-wide authoriza-
tion. The mutual recognition approach gives a
company the option of not seeking authorization
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in certain markets, if it does not plan to launch in
those markets. It may also be faster, depending on
the rapporteur country selected and the backlog in
each channel. Centralized authorization does not
obviate the requirement to go through country-
specific negotiations over price/reimbursement
before retail launch in each country that requires
such approval. Previous studies have documented
the number of products going through each route
but little is known about the factors that con-
tribute to the choice of the centralized procedure.
Anecdotally, it is hypothesized that the centralized
procedure would increase exposure to parallel
trade, because a common dosage form, pack size,
labelling etc. are authorized for all EU countries.
This eliminates the firm’s ability to target different
dosages to different countries, and reduces the
parallel trader’s costs associated with repackaging
and providing labels in the language of the
importing country.

We model the choice of the EMEA centralized
procedure for the List B products using a logit
model, with expected EU price, expected EU sales
volume, and a NCE’s rank in its therapeutic class
during our study period as explanatory variables.
The expected EU price and EU volume variables
were defined as weighted averages over the price
and volume in Quarters 3 and 4 prior to global
launch, over all the 14 EU countries. Thus these
variables are EU equivalents of the country-
specific variables used in the country analysis.
We defined a NCE rank indicator variable FIRST
that takes the value 1 for the first molecule (by
global launch date) in each therapeutic class, 0
otherwise. For the sample of 29 NCEs approved
through the centralized procedure, we then esti-
mate the three Cox hazard models. Although the
sample size is small and non-randomly selected,
the fact that they had the same delay in market
authorization makes them an ideal sample to study
the delay that is due solely to price and/or
reimbursement negotiations in the EU countries.

As the study period ranges from October 1994
to September 1999, the observation period for
launch in other countries after the first global
launch of a NCE ranges from 12 to 60 months,
with shorter observation periods for NCEs
launched late in the study period. Such right
censoring applies to all countries so should not
induce bias across countries, but does differ across
NCEs. We test the robustness of our findings using
two alternative specifications. The first is to
stratify the Cox model by the 85 NCEs, hereafter

called the NCE Fixed Effect model. This is
equivalent to assuming a different baseline hazard
function for each NCE. The main drawback is that
the effect of all NCE-specific factors that are
invariant across countries such as SALES, are
embedded in the baseline hazard functions and not
separately estimated. This NCE Fixed Effect Cox
model is used to test the robustness of our findings
on 3 main variables – expected price, expected
volume, and HOME. The second specification
estimates a logit model with launch of a NCE
within 12 months after its first global launch date
as the dependent variable. This logit model does
not incur the unequal right censoring across NCEs
but does not take into account launch differences
within 12 months or launches after 12 months.

Results

NCE, firm, and country characteristics

Table 1 lists the distribution of the 85 global NCEs
by therapeutic class and the number in each class
that were approved through the EMEA centra-
lized procedure. The highest number of NCEs ðn ¼
19Þ was for central nervous system, followed by
systemic anti-infectives ðn ¼ 12Þ and alimentary
tract ðn ¼ 10Þ. The gynecological, urological sys-
tem and sex hormones had the lowest number of
NCEs ðn ¼ 2Þ. Among the main therapeutic
classes, the unweighted average expected price
for each NCE-country combination is highest in J
(systemic anti-infectives) and lowest in R (respira-
tory system); the unweighted average expected
market size for each NCE-country combination is
highest in C (cardiovascular system) and lowest in
L (oncology). The high standard deviations for
expected price and expected market size are due to
significant country variations, especially in ex-
pected market size.

Table 2 lists the distribution of firms by number
of NCEs launched during the study period. A total
of 42 pharmaceutical or biotechnology firms were
involved in launching the 85 global NCEs. When 2
or more firms were associated with a NCE, we
designated as the originator the firm responsible
for the first launch; if two firms launched
simultaneously or as a joint venture, we assigned
originator status to both firms. About half of the
firms ðn ¼ 20Þ only launched 1 NCE during the
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study period, and the highest number of NCEs
launched by one firm is 7. The average SALES (for
6 months) for these firms was 738 million UK
pounds, with a standard deviation of 563 million
UK pounds, excluding 4 firms with zero reported
SALES at the beginning of our study period.
Baseline SALES is positively associated with
number of NCEs launched in our study period,
which is unsurprising.

Characteristics of the 25 study countries are
summarized in Table 3. None of the countries had

all the 85 NCEs launched during the study period.
The three countries that do not require price
approval before launch had the most launches: the
US led with 73 launches, followed by Germany
ðn ¼ 66Þ and the UK ðn ¼ 64Þ. At the other
extreme, only 13 NCEs were launched in Japan,
followed by Portugal ðn ¼ 26Þ and New Zealand
ðn ¼ 28Þ. Figure 1 gives the Kaplan–Meier esti-
mates of cumulative launch probability over a 30-
month period from the first launch date in any
country. The US consistently has the highest
launch probability, reaching an 80% launch
probability in 14 months and 86% in 30 months.
Japan has the lowest launch probability, reaching
on 7% in 14 months and 11% in 30 months.
Countries with fewer launches also tend to have a
longer average launch delay for those NCEs that
are launched (Figure 2 and Table 3), and fewer
NCEs launched within 12 months of the global
launch date (Table 3). The US, the UK, and
Germany had the shortest average launch delays
and the highest number of launches within 12
months, while Japan and Portugal had the longest
average launch delays and were among the 3
countries with the lowest number of launches
within 12 months. Average launch delay (for
NCEs launched) ranged from 4.2 months for the
US to 23.5 months for Japan. US-based firms
launched or co-launched 36 NCEs, followed by the
UK ðn ¼ 12Þ, Switzerland ðn ¼ 10Þ, and Germany
ðn ¼ 9Þ (Table 3).

Table 1. Distribution of 85 NCEs and 25 EMEA-approved NCEs by main therapeutic class (1-digit ATC)

EMEA

Expected price
(All NCEs)

Expected volume
(All NCEs)

ATC Name All NCEs NCEs Mean STD Mean STD

A Alimentary tract 10 3 0.162 0.181 140691 282265
B Blood and blood forming organs 5 2 0.148 0.194 68629 81249
C Cardiovascular system 9 1 0.322 0.146 233334 355877
D Dermatologicals 5 2 0.642 0.858 67047 204639
G Gynecological, urological system

and sex hormones
2 1 0.216 0.142 128316 240878

J Systemic anti-Infectives 12 8 1.207 0.670 18383 49070
L Oncology 9 4 0.712 0.489 9471 19111
M Musculo-skeletal system 4 1 0.716 0.527 82120 235307
N Central nervous system 19 5 0.218 0.384 84217 170205
R Respiratory system 4 0 0.129 0.096 221560 331555
S Sensory organs 6 2 0.487 0.285 21670 56813

Total 85 29 0.474 0.567 90715 216489

Table 2. Distribution of firms by number of NCEs
launched

SALES
(million UK pounds)

NCEs Number of firms Mean STD

1 20a 396 333
2 11 815 546
3 4 777 540
4 3 1189 891
6 3 1039 555
7 1 1280 Not relevant

Total 42b 738 563

aIncluding 4 firms with zero sales; only 16 firms used in mean
and STD calculation.
b Including 4 firms with zero sales; only 38 firms used in mean
and STD calculation.
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Figures 3–5 plot the relationship between
number of launches, average expected price, and
GDP per capita for each country. Average

expected price is positively correlated with GDP
per capita (Figure 3) and both expected price and
GDP per capita are positively correlated with
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number of launches. Japan is a major outlier, with
few launches despite a relatively high GDP per
capita and average expected price. Germany and
the UK rank 2nd and 4th in number of launches
but only 10th and 13th in price. There is an over-

13-fold difference between countries in average
expected price, but the difference is less than 5-fold
if Poland is excluded. Recall that our measure of
expected price is a volume-weighted average of
prices of all products in the therapeutic category,
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including generics. Thus the observed differences
across countries in expected prices reflect differ-
ences in the range of product and dosage forms
and their relative weights in utilization within the
class, in addition to price differences for specific
products. In particular, our expected price mea-
sure may be downward biased as an estimate of
expected prices for originator products in coun-
tries with large generic market shares, such as
Germany, the UK and the US. Japan and Poland
are at the extremes of the price distribution but
both have long launch delays and few launches,
suggesting that factors beyond price also play a
role in observed launch lags. In Japan, regulatory
delays related to market authorization, including
the requirement that clinical trials be done in
Japan, are an unusually important contributor to
delay [9]. By contrast, in Poland a low expected
price that is below the firm’s minimum ask price is
more likely the dominant factor. The distribution
of average expected volume (unweighted across
the 85 NCEs) is even more skewed than for
average expected price (Table 3). It should be
noted that these cross-country differences in
expected price and volume vary significantly
across therapeutic classes. For example, for the
36 therapeutic classes, the US’s rank in expected
price ranges from 1 to 24 ðmedian ¼ 3Þ; Poland’s
rank ranges from 5 to 25 ðmedian ¼ 25Þ.

Cox regressions

Results from the Country Comparison model
(Table 4) confirm the simple statistics in Table 3,
showing that there are statistically significant
differences among the 25 markets in access to
new drugs. Compared with the UK, Japan had the
most negative coefficient (hazard ratio ¼ 0:068),
followed by Portugal (hazard ratio=0.152) and
New Zealand (hazard ratio=0.181), all with
p50:0001. There are significant differences across
several therapeutic classes, with gynecological,
urological system and sex hormones (G) and
cardiovascular system (C) having relatively shorter
delays. Since the cardiovascular category has the
highest expected sales volume, its effect is con-
sistent with the hypothesis that manufacturers are
less willing to accept delay when foregone sales are
large. On the other hand, there are only 2 NCEs in
the gynecological, urological system and sex
hormone category, one of which is sildenafil
(Viagra). Viagra may have biased the estimated
G class effect as it was launched without reimbur-
sement in some countries. These ATC effects
remain significant after controlling for expected
price and volume.

The coefficients for the common explanatory
variables present in both the Expected Price-
Volume model (with or without GDP per capita)
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and the Full model (Table 4) are very similar. Both
expected price and expected volume have a
significant positive effect on the hazard of launch,
i.e. reducing launch delay, with a larger effect for
expected price than for volume. In the Expected
Price-Volume model without controlling for GDP
per capita, a 10% increase in expected price or
expected volume is associated, respectively, with a
2.65% or 0.98% increase in launch hazard (both
p50:0001). Figure 6 shows the simulated effects of
changes in Log (Price) from its mean value to � 2
standard deviations (SDs) on cumulative launch
probability over 30 months. Parameters are based
on estimates from the Expected Price-Volume
model without controlling for GDP per capita,
with the other co-variates set to their mean values.
After 12 months, i.e. in the 13th month, the
cumulative launch probabilities are 50.0%
(Mean+2SDs), 32.5% (Mean), and 19.9%
(Mean�2SDs) respectively. Controlling for GDP
per capita in the Expected Price-Volume model
reduces the effects of expected price and market
size but their coefficients remain highly significant
(Table 4).n

In all models a firm’s global launch experience
(SALES) and its home country (HOME) are both
positive contributors to early launch, consistent
with the hypothesis that launch experience in
general and in the home country in particular is
valuable in reducing launch delay.

Adding the country indicators in the Full model
leaves the coefficients for expected price and
expected volume essentially unchanged. This tends
to confirm that launch decisions are influenced by
expected price and sales volume, not simply by
general characteristics of each country’s regulatory
and market environment. Several of the country
indicator variables are significantly negative rela-
tive to the UK (the omitted country) and their
hazard ratios are often larger in the Full model.
Since the Full model controls for expected price
and volume, the country indicators presumably
reflect other country-specific factors including
GDP per capita, bureaucratic delays, or expected
cross-market spillover effects such as propensity
for parallel exports and external reference pricing,
over and above the related effects that are
associated with low expected price. Japan con-
tinues to have the most negative hazard ratio,
followed by Portugal and New Zealand. Within
the EU, the six countries with the most negative
coefficients are Portugal, Italy, France, Belgium,
Spain, and Greece. These are all countries with
strict price controls and are likely major parallel
export countries due to lower prices. To test
whether delays in these parallel exporting coun-
tries increased following the introduction of the
EMEA in 1995, which facilitated parallel trade by
accelerating EU-wide market authorization with
standardized formulations, labelling, etc., we
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created an indicator variable for NCEs first
launched after October 1996, the midpoint of our
study period. We tested its interaction with the
above country indicators but found no evidence of
longer country-specific delay effects after October
1996. However, our sample size of NCEs launched
before the EMEA may be too small to observe
significant effects. Moreover, since our measure
reflects the combined delay of market authoriza-
tion and price/reimbursement approval through
launch, the hypothesized increase in price/reim-
bursement delay in the EMEA period may be
offset by more rapid market authorization by the
EMEA.

To test whether a firm is willing to accept a
lower price in larger markets such as France, we
tested the interaction between expected price and
expected volume but this interaction was not
significant at conventional levels. This could reflect
the offsetting considerations, that while markets
with larger expected volume have higher opportu-
nity cost of delay, larger markets may also pose a
greater threat of parallel exports, at least for EU
countries.

The two alternative specifications, the NCE
Fixed Effect Cox model (Table 4) and the logit
model for launch within 12 months (not reported
due to space limitations), further validate the
findings on expected price, expected volume and
HOME.

EU subgroup analysis

Table 1 shows that the distribution of NCEs
approved through the EMEA centralized proce-
dure, by therapeutic class, differs from the
distribution of the full sample of 85 NCEs. For
example, 8 of the 12 NCEs in the systemic anti-
infective class, including all HIV-AIDS drugs,
were approved through the centralized procedure,
while only 1 out of the 9 cardiovascular NCEs
used the centralized procedure. The HIV-AIDS
products faced strong political pressure for rapid
launch in all countries, which may have contrib-
uted to the choice of the centralized procedure.

Table 5 summarizes the launch experience of the
29 NCEs that were approved through the EMEA
centralized procedure, in each of the 14 EU
countries. The three countries with the most
launches are Sweden ðn ¼ 23Þ, Denmark ðn ¼ 22Þ,
and Germany ðn ¼ 21Þ; the four countries with the
fewest launches are Portugal ðn ¼ 5Þ, Italy ðn ¼ 8Þ,

Greece ðn ¼ 12Þ, and Spain ðn ¼ 12Þ. Thus ap-
proval through the centralized procedure is no
guarantee of prompt launch in all countries. These
delays and failure to launch can be attributed
unambiguously to the price/reimbursement system
and related publication delays. Average launch
delay (for NCEs launched) ranges from 8.1
months for Germany to 17.4 months for Belgium
(which has an unusually long publication delay
[19]); however average delay is not as strongly
correlated with number of launches as in the full
sample. Among the 14 EU countries, France,
Italy, and Portugal have the lowest average
expected prices, deviating significantly from the
other countries, while Germany, France, and Italy
have the highest average expected volume. It
should be noted that, similar to the full sample
in Table 3, a country’s rank in expected price and
expected volume vary significantly across thera-
peutic classes (see Table 5).

The Cox analysis for NCEs launched through
the EMEA centralized procedure is reported in
Table 6. Recall that for this subgroup variation in
launch dates should reflect solely the influence of
price/reimbursement factors, since market author-
ization occurred simultaneously through the
EMEA. In the Expected Price-Volume models
with or without GDP per capita, the effect of
expected price is greater for the EMEA subgroup
(hazard ratio 1.662, p50:01, Table 6) than for the
full sample (hazard ratio 1.265, p50:001, Table 4).
Similar to the full sample results (Table 4),
controlling for GDP per capita leads to a smaller
but still highly significant coefficient for expected
price in the EMEA/EU sample (Table 6). Inter-
estingly, the effect of GDP per capita is much
larger in the EMEA/EU sample than in the full
sample (hazard ratio 5.109 vs 1.254, both
p50:001), suggesting that GDP per capita has a
larger impact on launch hazard within than
outside the EU.o This may be due to the fact that
price spillovers from parallel trade (and possibly
external reference pricing) are more prevalent
within the EU. In other words, low-income may
be associated with a larger price spillover effect
through parallel trade and external referencing for
EU countries than for non-EU countries. In the
Full model, the coefficient and hazard ratio for
expected price are similar in the EMEA subgroup
and the full sample but significance is lower in the
EMEA sample, possibly due to the small sample
size. Expected volume does not have a significant
effect on launch in the EMEA sample. Except for
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France, the same list of countries, i.e. Portugal,
Italy, Greece, Belgium and Spain, have the most
negative country effects on launch, controlling for
expected price and volume (all p � 0:001). Thus
these findings in the Full model appear to be
attributable to the price/reimbursement systems in
these countries, not to their market authorization
systems. Among the 29 NCEs, four (2 in ther-
apeutic class S, 1 in D, and 1 in L) were not
launched in any EU countries during the study
period. The estimates were unaffected by exclusion
of these NCEs. The NCE Fixed Effect Cox model
(Table 6) and the logit sensitivity analyses con-
firmed these findings.

Finally, we examined the determinants of the
choice of centralized procedure. We have a total of
80 products with global launch dates after January
1, 1996, which in theory might have used the
centralized procedure. Of these, 29 (or 36%) used
the centralized procedure; for 4 biotech products
the choice was mandatory and these 4 are excluded
from the analysis. Our theoretical model implies
that firms are less likely to use the centralized
procedure for NCEs that are most exposed to
parallel trade, since the simultaneous approval of
uniform dosage forms in all countries increases the
likelihood of parallel trade by reducing traders’
costs of repackaging and labeling. In Table 7, we
report the results of logit estimates for the sample
of 76 products launched after 1996. In the reduced
model (with expected EU price removed), expected
EU volume and FIRST (being the first drug in its
therapeutic class during our study period) are
significantly negatively related to choice of the
centralized procedure. Not shown in Table 7, the
global launch date of a NCE was not significant
and was removed from the logit model. The
negative effect of expected EU volume is consistent
with the hypothesis that large potential market size
and hence high risk of parallel trade discourages

use of the centralized procedure. The negative
effect for first in class is surprising, since initially
the EMEA was intended to focus on innovative
drugs. It is possible that the observed negative
effect of being first in class may also reflect an
expected volume effect, since first-in-class drugs
often have a first mover advantage and retain
relatively large sales, compared with follower
products, for several years after launch. Thus
first-in-class products may be more at risk for
parallel trade than follower products. First-in-class
products may also be more at risk of price
spillovers through regulation based on external
referencing, because for first-in-class products
there are no similar products already on the
market that could serve as an internal benchmark
for regulating price. Thus if first-in-class products
are more at risk, relative to follower products, of
cross-national price spillovers due to both parallel
trade and external referencing, this could lead
manufacturers of first-in-class products to choose
the mutual recognition procedure rather than the
centralized procedure, because mutual recognition
may permit more flexibility for varying formula-
tions, launch dates and other strategies that reduce
the risk of cross-national price spillovers. These
conclusions are tentative because the sample is
small and is drawn from the start-up phase of the
EMEA.

Discussion

This study of launch lags for 85 new, globally
important drugs in the 25 major markets during
the mid-late 1990s finds significant variation across
countries in both the number of drugs launched
and the mean delay from the first global launch.
The number of NCEs launched ranges from 73 in

Table 7. Logit model results on the choice of EMEA centralized procedure

Full model Reduced model

Variable Coefficient SE P value Coefficient SE P value

Intercept 4.644 3.289 0.158 5.268 2.504 0.035
FIRST �1.884 0.604 0.002 �1.902 0.602 0.002
Log (expected EU volume) �0.340 0.278 0.221 �0.399 0.188 0.034
Log (expected EU price) 0.122 0.423 0.774
Chi-square (DF) 16.6 (3) 0.001 16.6 (2) 0.0003
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the US, with a mean lag of 4.2 months, to 13 in
Japan, with a mean lag of 23.5 months. There is a
strong correlation between number of launches
and average launch delay (conditional on launch).
Large variation also exists within the European
Union and even for products that are approved
through the centralized procedure, which receive
market authorization simultaneously in all coun-
tries. Of the 29 EMEA-approved NCEs since 1996,
23 were launched in Sweden, compared to only 5
in Portugal, 8 in Italy and 12 in Greece and Spain
during our study period.

Countries that have lower expected prices tend
to have fewer products launched and longer delays
for those products that are launched, after
controlling for per capita income. This finding
tends to confirm the hypothesis that price regula-
tion negatively affects the timing and occurrence of
launch. The magnitude of the expected price effect
is similar in the EMEA sample and the full sample.
Since all launch variation in the EMEA sample
can be attributed to delays associated with price-
reimbursement regulation, it seems safe to infer
that the expected price effect that we observe in the
full sample does in fact reflect launch delays that
are due to price/reimbursement regulation rather
than market authorization. The exception to this
conclusion is Japan, which experienced extremes
of delay and non-launch despite relatively high
prices. Thus in Japan manufacturer reluctance to
launch appears to be less important than regula-
tory delays in market authorization and price
approval.

These findings are also broadly consistent with
the hypothesis that price spillovers, due to parallel
trade and external referencing, negatively affect
launch of new drugs. If markets were perfectly
separable (no price spillovers), there would be no
reason for firms to delay or withhold launch in
low-price countries, as long as prices offered
exceed marginal cost plus fixed costs of launch.
However, the existence of price spillovers creates
incentives for firms to delay or withhold launch
in countries that have low prices. Thus to the
extent that prices are correlated with income,
permitting parallel trade within the EU would tend
to reduce access to new drugs in low-income EU
countries. Pharmaceutical price regulation that
reduces prices below the level expected based on a
country’s per capita income exacerbates this
problem and may extend launch delays even to
some relatively high income countries, such as
France and Belgium.

Consistent with this, controlling for expected
price, countries that have strict regulation and
have traditionally been major parallel exporters
(Portugal, Italy, France, Belgium, Spain, and
Greece) also have negative country fixed effects.
These presumably reflect delays due to expected
parallel trade, external referencing and other
bureaucratic effects, beyond the pure price reg-
ulatory effect. These country effects persist after
controlling for the country of domicile of the
launching firm. Thus the tendency for earlier
and more numerous launches in the US, the UK
and Germany does not simply reflect the fact that
firms from these countries were disproportional-
tely the originators of the drugs that were
launched.

Controlling for expected price and country fixed
effects or per capita income, larger markets have
shorter launch delays. This is consistent with the
hypothesis that manufacturers weigh the opportu-
nity costs of launch delay and that their incentive
for prompt launch of potentially high volume
products dominates any incentive of regulators to
delay the launch of high volume products that
could have disproportionate budget impact. Fi-
nally, firms with more global launch experience, as
measured by worldwide outpatient sales at the
start of our period, have shorter launch delays,
presumably reflecting the advantages of experience
and/or multinational operations with local sub-
sidiaries in most major markets and possibly
multi-country trial data to support their launch
applications in different countries.

One limitation of this study is the lack of data to
separate out the authorization delay from the
price/reimbursement delay and, within the price/
reimbursement delay, the component that is due
strictly to the administrative process versus the
component that is related to disagreement over the
price. The availability of such data might shed
light on the sequential game underlying new drug
price and launch decisions. Another limitation is
that we did not test the effect of delay on actual
launch prices, specifically, whether manufacturers
that delay launch in lower-price countries get
higher prices in return. Our measure of expected
price may reflect factors other than regulation;
however, our results are robust to including
income as a control variable, country indicators
to control for other country-specific factors and
therapeutic category indicators. Thus it seems
plausible that our expected price variable is indeed
capturing differences in regulation.
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This analysis provides important evidence on
the effects of pharmaceutical price regulation on
delays in launch and non-launch of new drugs, and
suggestive evidence of the effects of price spillovers
due to parallel trade and external referencing. A
full evaluation of such policies would require
information on the effect of such launch delays
on use of other medical services, on the direct and
indirect costs of medical care, on other restrictions
on access to new drugs and on health outcomes.
Ceteris paribus, the foregone health benefits to
patients from delay in launch are presumably
greater for NCEs that are more innovative, in
terms of providing either new therapies or
significantly improved therapies. To the extent
that delay reflects real uncertainty as to whether
the new drug is cost-effective and the appropriate
price, given the norms and budgets of each
country’s health care system, then there is some
benefit if delay helps resolve these issues, to offset
against the cost in foregone benefits to patients. To
the extent that delay reflects rational strategies by
manufacturers to avoid price spillovers from low
price countries, analysis of the costs and benefits of
price regulation and, in particular, parallel im-
porting and external referencing, must consider
not only effects in the home country but also
spillover effects in terms of foregone access in
other countries.
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Notes

a. Under the Uruguay round of GATT, countries
that are members of the WTO grant 20 years of
patent life, from the date the patent is filed. For
pharmaceuticals, the patent is typically filed before
the drug enters clinical trials, which may take 5–12

years. To (partially) make up for this loss of patent
life due to the regulatory requirements of market
authorization, some countries grant some patent
term extension, e.g. the 1984 USWaxman Hatch Act
and the 1992 EU Supplemental Protection Certifi-
cate regulation for medicinal products grant up to
five years patent extension. However, such patent
term extensions are based on delay in market
authorization, not delay in obtaining price/reimbur-
sement approval.

b. According to the Financial Times [5], Plans to speed
up drugs approvals in the European Union could be
a useful pick-me-up for pharmaceutical companies.
. . . But the EU’s centralized approvals procedure is
already relatively efficient. The problem is that
national authorities subsequently set prices and
decide on including drugs in the reimbursable list
for their healthcare systems. The key to speeding
drugs to market lies in accelerating this second tier.

c. The Portuguese industry association (APIFARMA)
regularly surveys time taken to achieve marketing,
price, and reimbursement approvals in Portugal, by
authorization route used. For brand name products,
the mutual recognition route had the shortest
average delay to marketing approval (180 days vs
452 days for centralized procedure and 441 days for
national) and the national route had the shortest
average reimbursement approval time (153 days vs
213 days for centralized procedure and 298 days for
mutual recognition) between January 1998 and
March 2001 [10].

d. During the time period of our data, CE was formally
required in Australia and Canada, and informally
required in the UK through NICE since April 1999,
near the end of our data.

e. The leading parallel export countries in the EU
include Belgium, France, Greece, Italy, Portugal,
and Spain [14]. The EU countries that use external
reference pricing include Denmark (since April 1997,
up to 10 EU countries excluding Greece and Italy),
Greece (lowest in the EU), Ireland (lower of UK or
the average in Denmark, France, Germany, the
Netherlands, and the UK), Italy (average of up to 12
EU countries, must be on market for 4 countries and
at least 2 with direct price controls), the Netherlands
(since June 1996, average price in Belgium, France,
Germany, and the UK), and Portugal (lowest in
France, Italy, and Spain) [14].

f. Subscripts for firm are omitted for simplicity.
g. Launch delay is expected to be inversely related to

the price observed in our data (and launch hazard is
positively related to the observed price) because the
observed price is the price of competitor products
prior to launch of the new NCE. As shown in
Equation (1), this can plausibly be interpreted as the
regulator’s offer price and as the expected price
under a regulatory regime, in the absence of
significant differential cost offsets or superior efficacy

Economics of the Pharmaceutical Industry 291

Copyright # 2004 John Wiley & Sons, Ltd. Health Econ. 14: 269–292 (2005)



for the new drug compared to existing drugs. The
theory predicts that launch delay would be positively
related to the firm’s ask price; however, we do not
observe the ask price or any reasonable proxy for it,
so we cannot test this hypothesis.

h. The IMS ATC system, which is similar to the WHO
ATC system, classifies drugs by body system
(alimentary, cardiovascular, etc.), clinical indication,
and mechanism of action. There are up to four levels
within the ATC system but many therapeutic classes
have only three levels.

i. For example, C8A represents calcium channel
blockers; C9A represents angiotensin converting
enzyme inhibitors; C10A represents cholesterol/
triglyceride reduction agents such as statins.

j. These therapeutic classes (and their proxies) are C9C
(C9), J5C (J5), N7D (N7), and R3J (R3D).

k. Both distributions are highly skewed and not
normal, especially that of observed launch prices.
Although log-transformations reduce skewness and
kurtosis for both distributions, the Kolmogorov–
Smirnov goodness-of-fit tests reject the null hypoth-
eses of log-normal distributions.

l. We chose not to convert GDP per capita to 2000
UK pounds as GDP per capita is usually reported in
US $. This will not affect the coefficient estimates
beyond a factor of proportionality.

m. Using individual national systems is a third possibi-
lity but is unlikely to be a desirable alternative for
potentially global NCEs.

n. Note that the income coefficient in the Expected
Price-Volume specification may reflect other coun-
try-specific factors that are correlated with income,
so is not as pure income effect.

o. When we re-estimated the Expected Price-Volume
model using all 85 NCEs for the 14 EU countries,
the coefficients for expected price and market size are
similar to the full sample of 25 countries but the
coefficient for GDP per capita remains larger
(hazard ratio 2.638, p50:001). In addition, remov-
ing the major outlier Japan from the full sample
leads to a similar estimate for GDP per capita
(hazard ratio 1.374, p50:001).
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