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Abstract

We examine the effect of pharmaceutical patent protection on the speed of drug launch,
price, and quantity in 60 countries from 2000-2013. The World Trade Organization required
its member countries to implement a minimum level of patent protection within a specified
time period as part of the TRIPS Agreement. However, members retained the right to impose
price controls and to issue compulsory licenses under certain conditions. These countervailing
policies were intended to reduce the potential static losses that result from reduced competition
during the patent term. Using detailed patent data at both the product and country levels,
we exploit the fact that selection into “treatment” with a post-TRIPS patent is exogenously
determined by compliance deadlines that vary across countries. We find that patents have
important consequences for access to new drugs: in the absence of a patent, launch is unlikely.
That is, even when no patent barrier exists, generic entry may not occur. Conditional on launch,
patented drugs have higher prices but higher sales as well. The price premium associated with
patents is smaller in poorer countries. Price discrimination across countries has increased for
drugs patented post-TRIPS and prices are negatively related to the burden of disease, suggesting
that countervailing policies to offset expected price increases may have had the intended effects.
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1 Introduction

Intellectual property rights (IPRs) attempt to balance static and dynamic efficiency. By allowing
innovators to block competition and therefore appropriate a greater share of the value of their ideas,
IPRs can create incentives for investment in research and development (R&D). However, IPRs can
also lead to static inefficiencies in the form of monopoly prices. This tradeoff is especially acute in
the case of pharmaceuticals for developing countries. Incentives for drug development are critical,
since many diseases prevalent in developing countries lack appropriate treatments, but the prices
of innovative drugs in the absence of generic competition make them unaffordable to most people
there. The effects of IPRs on access and affordability are important for researchers, policymakers,
and firms.

IPRs have expanded considerably in recent years as a consequence of the 1994 Trade-Related
Intellectual Property Rights Agreement (TRIPS), negotiated at the end of the Uruguay Round of
the General Agreement on Tariffs and Trade (GATT). TRIPS requires members of the World Trade
Organization (WTO) to implement minimum standards for intellectual property (IP) protection.
For most developing countries, complying with TRIPS involved substantial changes to their IPR
policies, especially for pharmaceuticals. Supporters of TRIPS asserted that IPRs should benefit
developing countries in several ways. First, I[PRs create incentives for innovation and technology
transfer that can benefit both rich and poor countries. Second, IPRs can promote domestic in-
novation in developing countries. And third, IPRs may increase the availability of new drugs, if
innovative pharmaceutical companies find markets with IPRs more attractive for launch. The Office
of the Trade Representative of the United States explicitly states that “Stronger patent and data
protection increases the willingness of companies to release innovative drugs in free trade partners’
markets, potentially increasing, rather than decreasing, the availability of medicines.”[ﬂ However,
developing and least-developed countries have argued that patents reduce access to new drugs, since
IPRs grant monopolistic positions to pharmaceutical companies and allow them to charge higher
prices. HIV treatments are the most prominent example: competition from generic firms for the
supply of antiretroviral drugs in developing countries has been credited with substantial reductions
in price (Waning et al.| (2010)).

If IPRs make a market more attractive to innovators, either through increased pricing power
or because they do not share the market with imitators, then we should observe an increase in
product launches by innovator firms following a country’s introduction of patents. In the presence
of competitors, firms may fear creating spillover benefits for their rivals; a monopoly position
would therefore increase investment in country-specific marketing and distribution channels. These
investments may have implications for all products the firm sells within a country, regardless of

their individual patent protection status. However, we should observe an effect on pricing only for
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those drugs eligible for patent protection in the country. Higher prices would also be expected to
reduce quantities sold.

We evaluate the effect of patent protection on three measures of access (new drug launches,
prices and sales) across 60 countries of varying levels of development. We explain why patent
protection may shift the equilibrium speed of launch, price and quantity. We then empirically
examine these outcomes using data that allows us to compare patent protection in countries of
different income levels.

Our key contribution is the combination of the TRIPS “experiment” with detailed informa-
tion on each product’s patent status within a large set of countries to isolate the effect of patent
protection. Most previous work on IPRs and pharmaceutical access has examined country-level
patent policies, which are likely to be endogenous. Developing countries were required by TRIPS
to implement a minimum level of patent protection within a specified time period, and we argue
that this requirement creates a natural experiment. Importantly, the changes to patent policies
required by TRIPS did not affect all products within a country at the same time or in the same
way. Selection into patent treatment is exogenous at the product level, for reasons we explain in
detail below. Essentially, we can compare the same drug with and without patent protection across
countries, as well as groups of drugs with and without patents within the same country, controlling
for unobservable drug- and country-specific characteristics.

Our results suggest that the consequences of TRIPS-required patents on access have not been
as negative as predicted by many in the global health community. Patents are generally associated
with earlier launch of new products and higher sales. The effect of a patent on an innovator’s
launch incentive appears to be greater than the effect of removing this barrier to entry for generics,
on average. This finding suggests the existence of other important barriers, some of which may be
directly linked to regulatory policies. Surprisingly, we find a decrease in the price premium enjoyed
by drugs with patents in the post-TRIPS era, although patented drugs are nevertheless still more
expensive. Countervailing policies such as price controls or the threat of compulsory licensing may
be responsible, either directly or indirectly by inducing different pricing behavior from originators.

We summarize related literature in the next section, with a discussion of important institutional
details and existing theory to motivate our empirical study. Section [3|explains our empirical model,

and Section [4] describes the data. Results are presented in Section 5] and we conclude in Section [6}

2 Background and literature

2.1 The impact of IPRs

IPRs potentially have both static and dynamic effects. Standard theory models predict negative
static effects, as patents allow inventors to block imitation. This monopoly position usually leads

to higher prices and lower consumption. However, these static losses can be offset by increased



incentives for inventors, leading to higher rates of innovation in the long run. There are some
notable exceptions to these predictions, including Boldrin & Levine (2002)) and others who are
critical of IPRs as a mechanism to induce innovation. We focus here on the empirical evidence,
and specifically the pharmaceutical sector.

A number of papers have examined the effect of IPRs on pharmaceutical innovation, an industry
setting in which patents are especially important (Cohen et al. (2000)). In a study of 26 countries,
Qian| (2007)) suggested that IP implementation increased domestic innovation only if accompanied
by high levels of development, educational attainment, and economic freedom. |Arora et al.| (2008)
found that patent applications associated with process innovations increased in India after its
compliance with TRIPS in 2005. Lanjouw & Cockburn| (2001) investigated the impact of TRIPS
on pharmaceutical innovations for diseases most prevalent in developing countries, but concluded
that too little time had elapsed by the time of their study to observe large changes. Ten years later,
Kyle & McGahan| (2012) examined whether TRIPS compliance stimulated R&D activities for new
drugs across the world. They found that TRIPS has strengthened research on global diseases that
affect both high-income as well as developing countries, but it has not increased R&D activities for
diseases that almost exclusively affect low-income countries]

Other papers have focused on how IPRs have affected access to new treatments. The most im-
portant study in this area is|(Chaudhuri et al.| (2006]), who focused on a single category of antibiotics
in India prior to the introduction of pharmaceutical product patents. Using counterfactual wel-
fare calculations derived from structural estimation, they concluded that the introduction of IPRs
would reduce social welfare, because of the increase in price a reduction in generic competition
would cause both for new treatments and their older substitutes. In addition, domestic producers
had an advantage in distribution, so that total consumption would fall substantially if the sole
supplier was a foreign innovator firm. Given the importance of Indian generic firms in supplying
low-cost treatments for HIV in developing countries (Waning et al| (2010))), the (Chaudhuri et al.
(2006) results have important implications for other countries as well. However, Duggan et al.
(2014)) find that product patents in India are not associated with large price increases between
2005 and 2008. In studies covering a large number of developed as well as developing countries,
Lanjouw| (2005)) and |Cockburn et al. (2014) found that stronger patent protection increased the
speed of new drug launches in rich countries, but the effect in lower income countries was ambigu-
ous. Borrell (2005)), examining HIV treatments, found that patents were associated with faster

launch in developing countries with relatively low levels of income inequality.

2There are also studies on related topics of technology transfer and trade as impacted by IPR. For exam-
ple/Branstetter et al. (2006) find that multinational corporations transfer more technology to developing countries
after their compliance with TRIPS, and Maskus & Penubartib| (1995]) indicate that increasing patent protection has
a positive impact on bilateral manufacturing imports into both small and large developing economies.



2.2 The TRIPS Agreement

The TRIPS Agreement specifies the minimum levels and enforcement of IPRs, including patents,
trademarks and copyright, that are a condition of membership in the World Trade Organization
(WTO). TRIPS compliance requires patent terms of at least 20 years for products and processes.
Two features of TRIPS are of particular importance here.

First, the introduction of product patents for pharmaceuticals was a major change for many
countries. Product patents on pharmaceuticals allow the originator to protect the active chemical
ingredient in a drug. This is considered the strongest form of protection, because no other firm
can produce or import that chemical during the period of patent protection. LaCroix & Liu (2008])
note that in 1960, very few countries allowed pharmaceutical product patents, but more than 95%
did so by 2005; TRIPS is responsible for much of this shift.

Second, the WTO established a process of dispute resolution between member states. If a
country fails to comply with TRIPS, other member states may use this process to impose trade
penalties on the offending country. To the extent that this gave patentholders (or at least their
representatives in the governments of member states) greater enforcement power, we would expect
TRIPS to strengthen patent protection in practice, even in the absence of a legislative change to
patent law.

Developing and least-developed countries generally objected to some terms of TRIPS, and
specifically to pharmaceutical product patents. To alleviate their concerns, poorer countries were
permitted a transition period to comply with TRIPS. While developed countries had one year
after joining the WTO to conform, most developing countries were required to implement TRIPS
by 2000, and least-developed countries (LDCs) by 2006. However, countries that did not grant
patents in a particular technology area in 1995 were given 10 years to comply. India, for instance,
had until 2005 to introduce pharmaceutical product patents. The transition period for LDCs was
later extended to 2016 for pharmaceutical product patents. Further details are provided in Section
4.3l

Several other exemptions that weaken the strength of pharmaceutical patents were included in
TRIPS to accommodate the concerns of developing countries as well as developed CountrieSE] The
2002 Doha Declaration first outlined the conditions under which countries may issue compulsory
licenses; these conditions include limiting the use of the licensed product to the domestic market,
restricting the use of compulsory licenses to cases of national health emergencies and providing
“reasonable” compensation to the patent holder. Since many countries lack domestic manufacturing
capacity and were therefore unable to use compulsory licenses, they negotiated the ability to import
compulsory-licensed products from foreign markets (parallel imports) in 2003. Several countries

have issued compulsory licenses, mainly for HIV treatments, although Thailand and India have also

3For example, the patent law of many developed countries includes a “Bolar provision,” which permits research
using a patented pharmaceutical during the term of patent protection if the purpose of the research is compliance
with regulatory requirements for market approval.



done so for other diseases such as hypertension and cancer. Several developed countries, including
the United States, threatened compulsory licensing during public health scares such as flu outbreaks
(Beall & Kuhn (2012)).

Both developed and developing countries may impose price controls on pharmaceuticals under
the TRIPS Agreement (discussed below). The combination of price controls and compulsory li-
censing, or the merely the threat of using either, may serve as an important check on the market
power granted by pharmaceutical patents. These countervailing policies, which are challenging to

account for in an empirical model, are critical for interpreting our results.

2.3 Pharmaceutical regulation

The pharmaceutical sector is highly regulated. Most countries require proof of safety and efficacy
before permitting a drug to be sold, and many also regulate the prices that firms can charge for
pharmaceuticals; see[Scott Morton & Kyle (2012) for an overview. Across developed and developing
countries, there is variation in the regulation of market entry and in the use of price controls. Price
controls may offset the expected effects of IPRs, since patent holders may be forced to charge lower
prices (thus reducing the incentives for innovation) and access may be higher as a result (thus
reducing the static inefficiencies associated with patents).

Danzon et al.| (2005), Kyle (2006)), Kyle| (2007) and |(Cockburn et al. (2014]) all examine the
relationship between price controls and the speed of access to new drugs. If country markets were
completely independent and firms faced no capital constraints in product launch, we would expect
firms to launch a new drug in all markets immediately, especially considering the limited term of
patent protection (if applicable). In general, marginal costs of production are fairly low relative
to the fixed cost of developing a drug, at least for small molecule drugs. So long as a firm can
cover the marginal cost of producing the drug, the firm should be willing to sell. However, all these
papers find that the reality is more complicated.

First, firms must incur country-specific entry costs. In countries such as the US and EU member
states, the first firm to introduce a new chemical or biological entity must document the drug’s
safety and efficacy through clinical trial evidence. Most developing countries have regulatory agen-
cies charged with granting marketing authorizations, though some allow firms to rely on dossiers
provided to other countries. The process of price negotiation with particular governments can be
time-consuming, generating further launch delays. This is a purely bureaucratic delay, although it
may be increasing in regulators’ preferences for low prices.

In addition, country markets are not truly independent. Many governments use “external
reference pricing” when setting the local price, meaning that they base the local price on that
observed in other countries. Thus, launching a new drug at a very low price in one country can
reduce the price the firm receives in other countries, if initial low price is referenced. Country

markets can also be linked through parallel trade, which is legal between European Union member



states and has been considered by the US. Parallel trade amounts to arbitrage of price differences
between countries, which again means that launch in a low-price market is less attractive than
would be the case with independent country markets. The general finding from the literature cited
above is that price controls are associated with launch delays. Whether the cost-savings generated
by the use of price controls outweigh the delay in access is unresolved, as is the effect on dynamic
incentives for investment in innovation.

With patent protection, the innovator may block entry by generic firms. Without patent pro-
tection, both innovators and generic firms are eligible to launch a new drug. Their incentives to
do so depend on other policies, in particular regarding data exclusivity and the requirements for
subsequent entrants. For example, many countries (including the US and EU member states) allow
generic firms seeking regulatory approval to rely on the clinical data provided by the first entrant.
They need only demonstrate that their product is bioequivalent to that of the first entrant’s. The
difference in regulatory treatment of first entrants and followers is considered vital for assuring
generic competition, since it drastically lowers the entry costs for the latterﬁ However, the first
entrant may be granted a period of data exclusivity over its clinical trial evidence, during which
time generic firms must either independently provide similar evidence to the regulator or wait for
its expiration. Even in the absence of a patent, therefore, potential entrants may not launch due

to the high costs of acquiring clinical data for regulatory approval.

2.4 Summary of theoretical predictions

We assume firms (either innovators or generic producers) launch products when they expect positive
expected profits. If subsequent entrants can rely on the clinical trial evidence of the first entrant
and there is no period of data exclusivity, the first entrant may not be able to recoup the fixed costs
of launch. With a period of data exclusivity, both the innovator and generic firms may be willing
to launch. If it has already conducted clinical trials for regulatory approval in other countries, the
innovator may have a cost advantage in doing so. With patent protection and no data exclusivity,
then only the innovator has the right to launch the product. The innovator may choose not to
launch because of the regulatory spillovers discussed above, or because the fixed costs of launch
exceed the expected revenues.

In the absence of price regulation, the theoretical effect of IPRs on price, conditional on launch,
is fairly clear: the price with IPRs should be at least as high as that without IPRSE| With price
regulation, the theoretical effect is less obvious, and depends on regulators’ willingness to reward
innovators, attract entry, control expenditures, etc.

In the case of total quantity sold (conditional on launch and price), the expected effect of

4The 1984 Hatch-Waxman Act established the regulatory pathway for generic approval, after which generic entry
increased substantially.

5 An exception might occur if firms use price to signal quality when there are multiple producers of the same drug
and no reliable government certification of quality.



IPRs depends on the importance of country and product specific investments. Examples of such
investments include educating medical professionals about the existence, use and benefits of a new
drug; establishing distribution networks; ensuring the provision of complements such as diagnostics,
etc. If competitors can free-ride on those investments, then generic competition in the absence of
IPRs might result in lower levels of investment and lower quantities sold. On the other hand,
generic firms may sell a larger portfolio of products than innovator firms and therefore have greater
incentive to invest in distribution. In this case, removing generic firms from the market may reduce
quantity sold via inferior distribution.

To summarize, the theoretical impact of IPRs on launch, price and quantity is ambiguous.
Under regulatory conditions that require firms to provide clinical evidence of safety and efficacy
(information that is a public good), IPRs are likely to result in faster launch. In markets with free
pricing, IPRs are likely to result in higher prices; in markets with price controls, the effect may
depend on relative bargaining power. For products that require substantial country-level investment
in education and infrastructure, IPRs may encourage such investments and lead to higher quantities
sold. |Chaudhuri et al| (2006) suggest instead that generic producers have superior distribution,
so that IPRs that block them from the market yield reduced quantities. Conditions may vary

substantially across countries and products, so effects may be heterogeneous.

3 Empirical model

In this section, we describe our estimation methods for evaluating the effects of IPRs on the time
to launch, price and quantity sold. We use data at the country-molecule-quarter level, which allows
us to control for molecule and country effects and to use within-molecule, between-country and/or

within-country, between-molecule comparisons in evaluating the effects of IPRs.

3.1 Endogeneity of patent protection

IPRs exist at the country level, and change for a subset of countries as a result of the TRIPS
Agreement. One estimation of the effect of IPRs is a comparison of the overall launch speed,
price level and quantity sold within countries following the introduction of IPRs, compared with
those that did not. If adoption of IPRs is driven by time-varying unobservables, however, this
difference-in-difference will yield biased results.

One could argue that the TRIPS-required changes to IPR policies in developing countries were
exogenous, as developing countries generally opposed them (Hamdan-Livramento| (2009), LaCroix
& Liul (2008)). As discussed above, the timing of these changes was not random, but rather varied
by level of income. At the time of the WTQO’s establishment, member countries that declared
themselves as “developed” had one year to bring their IPRs up to the minimum standards specified

by TRIPS. Developed countries that joined after 1995 were required to be compliant at the date



their WTO membership began. Original WTO members that declared themselves as “developing”
were permitted a transition period for TRIPS implementation, with a deadline of 2000. A longer
transition period, until 2005, was permitted for countries that did not grant pharmaceutical product
patents, such as India. These countries were required to provide a “mailbox provision” until then,
i.e. accept patent applications even while deferring decisions until 2005, and to grant applicants
five years of marketing exclusivity during the transition period. ﬁ Least- developed countries,
designated as such by the United Nations, had the longest transition period: initially the deadline
was January 1, 2006, and this was extended to 2016 as a result of the Doha round of negotiations in
2002. Some countries complied well before their deadlines, while others took maximum advantage
of extensions. An instrument for the year of actual compliance is the year by which a country
was required to implement TRIPS under WTO rules. One possible instrument for IPRs at the
country-year level is the WTO’s deadline for TRIPS compliance. However, it is correlated with the
level of development, and has only cross-country variation. Commonly used instrumental variables
for a country’s IPR policy, such as legal origin and ethno-linguistic fractionalization, have similar
limitations.

We adopt an approach that exploits our country-molecule-quarter level information on patents.
Novelty is a criterion for patents, so products already brought to market do not qualify for patents
since they are no longer “new” from the perspective of a patent examiner; usually, the key invention
behind these products occurred many years ago, followed by lengthy clinical trials to establish safety
and efficacy. Following changes to patent law in accordance with TRIPS, only a subset of products
within a country qualifies for strengthened patent protection and any associated pricing power.
This is the “experiment” that we use, and it requires a detailed explanation.

When an innovator discovers a drug candidate, it files for patent protection as soon as it has
sufficient evidence to show that it has met key criteria concerning utility, usefulness and nonob-
viousness. Because of the lengthy clinical development required for drugs, this first application is
typically 8-10 years prior to product launch, and establishes a priority date for patent examination.
This priority date is the cutoff for establishing novelty in a patent applicationﬂ If this date falls af-
ter the country’s TRIPS compliance, the application and patent grant are treated with post-TRIPS
patent law. A priority date prior to TRIPS compliance means that the pre-TRIPS legal regime
applies. The innovator must subsequently apply for patent protection in other countries within a
short window of time. Specifically, the innovator has 12 months from the initial priority date to
file applications, or 30 months for countries that are signatories to the Patent Cooperation Treaty.
Applications filed within that window are evaluated based on the prior art that existed as of the
priority date, so applications with priority dates that fall just before a country’s TRIPS compliance

deadline also qualify for post-TRIPS patents since the innovator can wait to file until the country’s

5The US challenged India’s compliance with these terms in a WTO trade dispute.
"Prior to the change from first-to-invent to first-to-file required by the 2011 America Invents Act, the US used the
invention date as critical date for prior art. This small difference is not important for our empirical analysis.



laws are fully compliant. Delaying the application beyond this window would result in rejection by
patent examiners, because the application would no longer meet the requirement of novelty.
Within a country, therefore, we can compare a set of pre-TRIPS treated products with a post-
TRIPS set. We argue that this subset of post-TRIPS treated products is exogenously determined.
The research process yields drug candidates that arrive randomly around a country’s TRIPS com-
pliance date, and the country would have limited scope for manipulating that compliance date in
response to a specific application that might reach the market with only a small probability (given
the high failure rates in drug development) many years off. Similarly, within a molecule, the coun-
tries in which a drug qualifies for a patent is exogenously determined by the date its priority patent
application was filed. This is illustrated in the figure below for a hypothetical patent application for
a single product in two countries with different compliance deadlines. This hypothetical product

would be in the post-TRIPS treated group in country A, but pre-TRIPS in country B.

Priority
established
‘ | Country A
\ \
TRIPS-30 months TRIPS
compliance
‘ | Country B

TRIPS-30 months TRIPS

compliance

For our empirical analysis, we define a “Post-TRIPS treated” group of products within a country,
composed of molecules whose patent priority dates allows them to apply for a patent under a TRIPS-
compliant legal regime in a country. Within each country, we can compare treated and untreated
subsets. Within each drug, we can compare outcomes with and without patent treatment across
countries.

Most molecules have multiple associated patents, covering the molecule itself, a use of the
molecule, manufacturing processes, etcﬁ Despite some harmonization of IP laws, the same molecule
might be eligible for a different number of patents in different countries, or different breadth of cov-
erage. We focus on the first and legally strongest type of patent, the product patent, for which the
inventive step is unambiguous. TRIPS specifically requires that countries provide pharmaceutical

product patents. Our experiment is cleanest for this subset, because of the limited scope for legal

8For example, the HIV treatment markted as EPZICOM in the United States is a combination of abacavir (sold
under the brand name ZIAGEN) and lamivudine (sold as EPIVIR). Patents protecting one of the individual molecules
may block entry into the combination product, and there is also a patent on the combination. A process patent for
the preparation of optically active cis-nucleosides that specifically mentions abacavir and lamivudine could protect
each of the single-molecule products.
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interpretations across countries. Product patents are thus very comparable across countries.

We estimate separate regressions for each of our dependent variables of interest, i.e. the speed
of launch, price, and quantity sold. With this approach, we are assuming that firms first choose
whether (and how quickly) to launch, which may depend on the existence of IPRs. Given launch,
we examine whether prices are higher in the presence of IPRs and whether the quantity sold changes
in the presence of IPRs.

To be clear, we are not estimating structural demand and supply equations. Our claim is only
that IPRs may shift the equilibrium levels of these outcomes. A more complete analysis would
estimate systems of demand in each country-disease market, as (Chaudhuri et al. (2006) did for
a single class of antibiotics in India. The enormous differences in pharmaceutical markets across
countries and across diseases present considerable challenges in implementing such an analysis,
and we believe that our paper constitutes an important first step. While we cannot estimates
the total welfare effects of patent protection using this approach, which would also require serious
consideration of the dynamic effects on incentives for innovation, we can offer some evidence for
how patents have affected key outcomes of interest in the short to medium run.

We use a discrete-time model of firms’ launch decisions, assuming that we observe launch if firms
expect positive profits from market entry. The latent variable for profit II;;; denotes the profit from
the launch of drug j in country ¢ and in quarter ¢, and we specify the following reduced-form profit

function conditional on drug launch:

It = ao+ ajExpiredPatent;j
+ axOnPatent;j;
+  Xijtp + Tie + Y5 + €ijis

where ExpiredPatent;;; is a dummy variable equal to one if drug j has no remaining patent
protection in country ¢ in quarter ¢, and OnPatented;j; is a dummy variable equal to one if drug
j has an active patent (i.e., granted and not yet expired) in quarter ¢. The omitted category is
the case of a drug that was never patented in country i. Xjj;; is a vector of other variables that
may affect the launch probability (market size, GDP levels, the number of previously launched
substitute pharmaceutical treatments for drug j in country i, etc.), 7 is the time elapsed since the
first international launch for drug j in country ¢ at time ¢, v; is the disease category ﬁxed—effect,ﬂ
and €;;; is the unobserved error term. We estimate this using a discrete-time hazard with a logit
link. This estimation largely replicates that of |(Cockburn et al. (2014), except that we consider
patents at the drug level rather than the country level.

The theoretical effect of IPRs is ambiguous in the launch equation. We simply estimate whether

9We chose to use disease fixed-effects rather than drug due to the computational burden of estimating more than
700 fixed-effects in a non-linear model.
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countries have earlier access to innovations when a drug has patent protection there, without
distinguishing whether the originator or imitators enter first. Originators may be more likely
to launch when they have strong IPR protection, but international reference pricing may cause
strategic delays in the launch. Generics may be quicker to market if no IPRs exist, but if they rely
on entry by an originator to reduce their regulatory requirements, they may not necessarily enter
the market before the originator.

We next examine the relationship between IPRs and price by estimating the following equation,

conditional on launch:

Py = Bo+ piExpiredPatent;;;
+ [B20nPatent;j;
+  Xijev + o5 + €t

where ¢; is a drug fixed-effect and other variables are defined as in the launch model. The drug
fixed-effect controls for unobserved quality. In addition, we include other variables that should
affect expected profits, such as the number of substitute products in the market. Generally, we
expect IPRs to give originators some market power, and for this to be reflected in higher prices on
patented products. However, the use of price controls by countries may limit those price increases.

Finally, we turn to quantity. It is possible that originators may be more willing to undertake
investments in education and advertising if they are able to appropriate most of the benefits,
which is more likely in the absence of generic competition. However, originators may invest less in
distribution, since they may have a smaller product portfolio than generic firms. To evaluate the

effect of IPRs, we estimate the following equation:

Qijt = 70+ 1 EzpiredPatent;;,
+ vOnPatent;;;
+  Xijepw+ &5 + €ije,

where variables are defined as earlier.

We next estimate specifications that allow for the effect of patents to vary across countries.
We estimate the equations above with the addition of a country fixed effect, d;. This fixed-effect
will absorb differences across countries in, for example, the efficiency of bureaucracies in approving
new drugs; policies on price controls and reimbursement; enforcement of IPRs; and any other time-
invariant policy or institutional environment that may systematically affect the country’s TRIPS

compliance and market outcomes. While these policies are themselves of interest, they are certainly
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endogenous. Our work focuses on a single policy for which we have a credible identification strategy,
but the existence of other policies affects our interpretation of our results.

In additional specifications, we allow more nuanced differences. We first interact patent status
with World Bank income group definitions to examine differences between different levels of de-
velopment. We then also distinguish between pre- and post-TRIPS patents. In many countries, a
patent system existed prior to official TRIPS compliance, but may not have offered the same level
of protection. Instead of defining a dummy variable based on the existence of the product patent
alone, we define whether it is protected by only pre-TRIPS patents or has some patent protection
under a country’s TRIPS regime, using a more inclusive definition of patent (e.g., patents on new
uses or processes). We again allow this to vary by country income groups. If the patent priority date
determining whether a product qualifies for a Post-TRIPS patent in a country is exogenous, then
the difference in outcomes between products with pre-TRIPS patents and those with Post-TRIPS
patents captures the effect of strengthened IPRs. Finally, we estimate specifications for price and

quantity that include country-year interactions.

3.2 Instrumental variables approach

A limitation of the above approach is that patent protection is the endogenous outcome of decisions
by two key players. First, the originator must apply for protection (if offered in a country), and
expectations about the state of future patent protection in a country, or effective enforcement, as
well as expected price and quantity will influence this decision. Second, the policymaker or patent
office must grant the patent. As discussed above, many countries did not offer patent protection,
or offered weaker forms of protection, prior to TRIPS.

In an alternative model, we define an indicator variable for whether a drug was eligible for
TRIPS-compliant product patent protection in a particular country, i.e. TRIPS compliance oc-
curred no later than the priority date plus 30 months. Having a priority date within this window
exogenously shifts the incentive for originators to apply for a patent (because of stronger protection
or enforcement) and the obligation of patent offices to grant pharmaceutical product patents. In
addition, patents have a predetermined maximum term. While other country policies may extend
this, we take the “normal” expiration date of the first patent on a drug within a country as ex-
ogenous, at least at the level of a specific patent at the time of filing. These patent terms vary
across countries and over time, as laws were changed to comply with TRIPS. For example, in 1995,
the maximum term of patent protection in the US changed from 17 years from the grant date to
20 years from the filing date. We use indicators for the priority date falling within the period of
TRIPS eligibility and for the current period falling within the standard patent term following the
approach recommended by Wooldridge, (2010).

First, we estimate a reduced-form model of patent protection (which we will call “stage 0”):
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PatentedDrug;js = vo + viWithinWindow;;
+ voWithinTerm;j;
+  Xijir + @5 + &ijt,

We then calculate predicted values PatenteZZDrugijt, and use this and its interaction with other

variables as instruments in the second stage regressions of price and quantity:

Piji = po+ p1PatentedDrug;;;

+

p3IncomeGroup; x Patented Drug; j;

Xijtx + @5 + €ijt,

+

Qijt Yo + v1Patented Drug;j;

+  ~v3IncomeGroup; * Patented Drug; ;i
+  Xijew + @5 + €t

where PatentedDrug;;; and IncomeGroup; * Patented Drug;;; are instrumented using the pre-
dicted values from stage 0, the square of predicted values, and the interaction with income (GDP
per capita, logged). As above, we also estimate an alternative specification using World Bank
income groups rather than a continuous measure of income. Although the dependent variable in
stage 0 is discrete, we use OLS due to the large number of fixed-effects. This method is robust to
misspecification of stage 0, although the estimator is not efficient if the linear probability model we
use is not correct (Angrist & Krueger (2001))).

The main drawbacks to this approach are the following. Since we lack separate instruments for
pre- and post-TRIPS patents, we treat any product patent protection as the endogenous treatment
variable. The omitted category, no patent protection, includes both drugs that were never patented
and those with expired patents. Treatment effects are likely to be heterogeneous if patent protection
has different effects across countries and/or drugs. Finally, we cannot implement an instrumental

variables estimator for the nonlinear model of launch.
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4 Data

4.1 Market outcome data

Our data on key market outcomes of interest — the speed of launch, price, and units sold — comes
from the MIDAS dataset produced by IMS Health. We have quarterly data on prices and units
sold from 2000-2013 and on launch from 1990-2013, a time period that allows us to examine several
years pre- and post-TRIPS implementation for many developing countries. The original data is
provided at the package level, i.e. bottles of 30 10mg tablets. For drugs sold in multiple packages
and presentations, we aggregate the revenues and number of “standard units” (smallest dose) up to
the level of a molecule or combination. Although there is some price discrimination across packages
within a country, this aggregation facilitates comparisons across countries. Each drug is assigned
to a therapeutic class (at the ATC3 level); for drugs with sales in multiple classes, we use the class
with the highest level of sales as its primary disease market.

We focus on drugs first launched anywhere in the world after 1990, since it is this set for
which TRIPS is most relevant. Drugs that are unique to one country, a set that includes many
homeopathic products in India and China, are dropped from our analysis. We exclude diagnostic
agents (ATC class T) and drugs that cannot be easily assigned to a disease (ATC class V). Finally,
we restrict our sample to drugs that we could match to patent information. This leaves us with a
total of 716 drugs.

For each molecule-country pair, we observe launch date, the total sales in nominal local currency,
and the number of units sold. We convert nominal sales to real values using the country’s GDP
deflator. We calculate price as total sales divided by the total number of standard units soldF_U]
Thus, within-country price changes do not reflect exchange rate fluctuations or inflation. For cross-
country comparisons, we express prices in constant US dollars using the average exchange rate for
2013Q4.

We keep one observation per country and quarter for each drug starting from its initial launch.
A drug is considered launched in a country once positive sales are observed; prior to its launch
in a country but following its first launch elsewhere, launch is coded as zero and price and sales
are coded as missing. Ultimately, this dataset includes 56 quarters, 60 countries, and 716 unique

molecules, amounting to 1459993 molecule-country-quarter observations.

4.2 Firm-level data

We distinguish between originators, or firms that invest in the development of a new drug, and
generic firms. Originators generally own patent rights on the molecule or a license to those rights.

Many drugs are developed and/or marketed under license by multiple firms. For example, several

10Some observations have negative values for sales, which reflect the return of products to the manufacturer. We
set price to missing in these cases.
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firms could collaborate in the development, with one firm responsible for marketing the drug glob-
ally, or one firm might develop the drug and license it out to other firms for marketing in North
America, Europe, etc. We use two approaches to identify these firms. First, the MIDAS dataset
includes some information on the licensing status of each firm generating sales of a molecule in
a country. If the licensing status is available and listed as either “original brand” or “licensed
brand”, we treat the observation as an originator sale, since the originator receives some payment
for the sale of a licensed brand or at least authorized its sale. For the remaining cases, we use
the R&D Focus database provided by IMS Health, which tracks drug development projects and
includes information on the drug, its intended uses, and the firms participating in its development
or marketing. We designate any firm listed as a co-developer or licensee on a drug project that is
also selling the product in one of our sample countries as an originator. All other sellers of that

drug are coded as generic firms or parallel importersE

4.3 Country-level data

Summary information for the countries in our sample, including the dates of TRIPS deadlines,
World Bank income group definitions in 2000 and 2013, and region, is provided in Table Our
sample includes the major emerging markets of Brazil, Russia, India, and China, as well as Indone-
sia, Malaysia, Thailand, and South Africa. Thirty of our sample countries had TRIPS compliance
dates in 2000 or later (see Table . Many countries had adopted pharmaceutical product patent
legislation prior to their official compliance deadlines. Quite a few rose in income classification
between 2000 and 2013. In our analysis, we use the income classification as of 2000. Results are
similar using the 2013 definition, although we have fewer countries in the lowest income group.

Our main focus in this paper is the effect of IPRs on the outcomes in country-markets, so it
is critical that we correctly measure the existence or strength of IPRs at the country-level over
time. There are a number of possible candidates. The first is the Ginarte-Park index of IPRs
and enforcement (Ginarte & Park| (1997)). This measure has the advantage of including a specific
index of patent protection for chemicals. It is only available at 5-year intervals, however, and is
not available for every country in our sample. We complement this with information collected by
LaCroix & Liu| (2014) and Hamdan-Livramento (2009). We thank these authors for their willingness
to share their datasets.

An additional form of protection, known as data exclusivity, is available in many countries@
During the period of data exclusivity, only the owner of the data may use it to obtain regulatory

approval for marketing a drug. This varies across countries and over time. Based on country 4’s

"Pparallel importers sell the originator’s own products in a country, but without a license. Parallel trade is
widespread within the European Union and is thought to be important in some developing countries. We are only
able to identify parallel traders within Europe, however.

12While not a TRIPS requirement, data exclusivity is an important element of subsequent bilateral and multilaterial
trade negotiations, including the Trans-Pacific Partnership.
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data exclusivity term at time ¢, we define a dummy variable equal to one if drug j was likely to be
protected by data exclusivity.

To control for the impact of economic development or income level, we use the World Devel-
opment Index (WDI) dataset from the World Bank. It includes GDP per capita, population, the
Gini coefficient of income inequality, health expenditures per capita, life expectancy, out-of-pocket
health expenditures, poverty rates, and GDP deflators across the sampled countries. To retain as
much of our sample as possible, we include only the subset of WDI indicators with very complete
coverage. Our source of information on quarterly exchange rates between the local currency and
the US dollar is the [Pacific Exchange Rate Service| for most countries, and individual central banks

otherwise.

4.4 Disease data

We define a market as a country-disease pair. Regulatory approval is required at the country level
in order to market a drug, and gaining regulatory approval in one country does not generally allow
a firm to access other countriesﬁ In addition, demand for a drug that treats a particular disease
is generally limited to the population affected by that disease. For example, we would not expect
demand for a colon cancer drug to be very high among those who do not have colon cancer. Since
the burden of disease (or demand) can change over time for any number of reasons (aging of the
population, spread of infectious diseases, changes in risky behaviors, etc.), our ideal measure would
capture such changes.

We use a standard measure of disease burden known as “disability-adjusted life years,” or
DALYs, available from the WHO for a single cross-section of countries in 2004. For diseases
with considerable variation over time, such as HIV, this will again introduce measurement error.
However, it is considered more appropriate for cross-country comparisons than mortality. We
matched each drug’s ATC classification to its DALY code, using fairly aggregate disease definitions
(e.g., infectious and parasitic diseases are matched to ATC codes J and P)E

4.5 Patent data

Information on patents comes from IMS Patent Focus, which is a source of competitive intelligence
for pharmaceutical firms. An important issue for our analysis is the comprehensiveness of its
coverage across countries. Specifically, we might worry that data quality is lower in developing
countries that are of less commercial interest to drug companies. However, almost all patents

are filed under the Patent Cooperation Treaty, which permits simultaneous applications in 148

13Within the European Union, a firm can use a centralized approval process handled by the European Medicines
Agency to win approval among all member states. Alternatively, a firm can apply for regulatory approval in one
member state and use this member state as a reference for approval in other EU countries. However, in order to have
the product reimbursed, the firm must negotiate with different (country specific) regulators over the price.

Ysee http://www.who.int/entity/healthinfo/statistics/gbdestimatescauselist.pdf
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countries. If at least one important developed market is among them, then the patent should
be in our dataset. We might not observe patents filed exclusively in lower-income countries, but
such applications are unlikely. In addition, since we focus on the product patent, there is little
uncertainty in matching a patent to a product.

We link patent information to the MIDAS data described above using the generic or chemical
name. The two data sources do not use common identifiers. Where possible, we matched on
chemical or molecule names. For vaccines and patents on drug delivery technologies, and for
patents identified only by the name of the branded product, additional work is required to find the
corresponding product in the other dataset. Of the 2,369 products launched after 1990, we were
able to identify patents for 716. Most of the unmatched drugs are homeopathic products or derived
from traditional medicine, unique to either India or China, and which do not qualify for patents.
The remainder of unmatched products are usually new versions or combinations of old molecules,
for which originators rely on country-specific data exclusivity protection in lieu of patents.

The first application date for the product patent associated with a molecule across all countries
is its priority dateﬁ Originators generally must apply for protection in other countries within
12-30 months of the priority date. Under the Paris Convention, inventors have 12 months to apply
in other countries. Under the Patent Cooperation Treaty, inventors may take an additional 18
months, for a total of 30. We account for each country’s status as a signatory to the PCT in
variable definitions. Because of the lengthy period of clinical trials, the priority date of the product
patent is usually at least 5 years before the launch date of a new drug.

We observe patenting activity in many countries prior to their required compliance with the
TRIPS Agreement. Some complied early, and most maintained a pre-TRIPS patent system that
provided weaker protection than TRIPS required. In addition, the legal availability of patents may
not always lead to the use of patents. If a market is very small or cannot support prices that allow
the firm to recover variable costs and the fixed costs of launch, then a firm may not bother to
apply for a local patent. Similarly, we may not observe patent applications when a firm expects
lax enforcement of the patent or a negative decision from the patent office.

We define a drug j as “on patent” in country ¢ in quarter ¢ if quarter ¢ follows the earliest
grant date of any product patent on j in ¢ and if quarter ¢ precedes the last expiration date of any
patent granted on j in i. Pre-TRIPS, the patent term varied by country. Post-TRIPS, patents have
a duration of 20 years from the date of application. In some countries, drugs may be protected
by “supplementary protection certificates” or patent term extensions that allow years of market

exclusivity. We adjust our definition of “on patent” for patent extensions and lapsed patents.

15The filing date and priority date can be different for other types of patents, particularly when a patent application
is derived from a parent application.
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4.6 Summary of data

The distribution of broad disease areas for the molecules in our regression sample is listed in Table
Cancer, cardiovascular treatments, and anti-infectives have the highest number of molecules.
The list of countries included, along with their required TRIPS compliance dates and dates of
pharmaceutical product patent legislation, is contained in Table [A] of the appendix. For ease of
explication, we combine the three low income countries (India, Indonesia and Pakistan) with the
lower middle income group in the discussion and analysis that follows. All three were considered
lower middle income by 2013.

There is wide variation across countries in the fraction of drugs with product patents. For
example, there are very few with product patents in the United Arab Emirates and the Dominican
Republic, but more than 70% of the drugs launched since 1990 in the United States had a product
patent. Even among high income countries, some introduced product patent legislation relatively
late (such as Norway, Spain, and Estonia) and have a lower share of drugs with product patents.
Those without product patents in the US are generally older drugs for which a new use has been
discovered, or combinations of drugs that may not always qualify for product patents. The share of
products for which originators beat generics to market also varies substantially. The originator is
first more than 80% of the time in most countries. However, India is a clear exception: originators
are first in fewer than 20% of the opportunities (see Table . In some South American and
Middle Eastern countries, generic firms precede originators in a significant number of cases. Some
of these countries only recently implemented product patents, but others may have weak patent
enforcement. Overall, the pattern of launch suggests that generic firms often rely on local entry by
originators, perhaps because obtaining regulatory approval is easier once the originator has provided
clinical data or because originators invest in advertising that generic firms can benefit from. It also
underscores the importance of patents in India compared with other developing countries. The
impact of introducing patent protection is likely to be larger in India than anywhere else, and may
have consequences for the supply of generic drugs produced in India to countries where IPRs do
not block entry.

Table 3| presents simple means of several key variables by income group and patent status. Not
surprisingly, the fraction of product launched is generally increasing in country income, with 55%
of eligible treatments available at some point during 1990-2013 in high income OECD countries,
but only 35% for lower middle income/low income countries. Launch by originators is faster in
high income countries, and originators are quicker to markets than generics in every income group.
However, generic entry is more likely in the upper and lower middle income groups, and occurs
slightly earlier than in high income countries on averagem The existence of a product patent implies

faster originator entry (a median of 1.50 versus 3.51 years). More surprisingly, generic entry is slow

16The different outcomes observed in the high income non-OECD category likely reflect the small number of
countries (Kuwait, Singapore, Slovenia and the United Arab Emirates) with high income inequality.
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whether a product patent exists or not, though somewhat more likely when no product patent
exists. However, originators are still first in more than three-quarters of the cases. This suggests
that product patents are not the only important barrier to entry in most countries.

Figure [I] shows the distribution of the number of producers over drug-country-quarter obser-
vations by patent status; results using the presence of any patent are similar. The presence of a
product patent mostly affects whether any producer is active. That is, there is a shift from no
producers to a monopoly; the shift from more competitive markets to a monopoly is not evident.
Of course, originators are more likely to seek patents where they expect to earn positive profits.
These simple summary statistics suggest that if originators do not expect profits, generic firms
may not either. These patterns also suggest that enforcement of product patents is reasonably
strong overall, conditional on granting the product patent, because we rarely see generic entry in
the presence of a unexpired product patent. This is somewhat surprising, and merits some expla-
nation. First, firms are likely to seek patent protection only where they expect those patents to be
enforced, so we may not observe patents in countries where enforcement is weak. Second, TRIPS
introduced dispute resolution procedures to address disagreements between member states over the
enforcement of IP, and countries with weak enforcement may face trade penalties. Third, we are
focusing on product patents, for which there is relatively little legal ambiguity. The high profile
patent disputes concerning pharmaceuticals in India generally concern secondary patents, rather
than the product patent. Therefore, while enforcement is an unobserved omitted variable from our
regressions, we are reasonably confident that the inclusion of country fixed effects and the evidence
described here mitigate concerns about a systematic bias. |z|

Summary statistics for variables used in the regression analysis are presented in Tables [4] and
Table 4] contains the sample used for the launch regression, which runs from 1990-2013; only
observations up to and including the quarter of launch are included for this analysis. Table [
corresponds to the sample used for the price and quantity regressions, for which data is available

from 2000-2013. Only observations post-launch are included.

5 Results

5.1 Main effects

In all the tables of estimation results that follow, standard errors are clustered by country. Year
fixed-effects are included in all specifications, drug fixed-effects are included in the price and quan-

tity regressions, and therapeutic-class fixed-effects are included in the launch regressions. Because

Berndt et al.| (2011) suggest that while IPRs exist de jure, de facto protection in countries such as Brazil, India,
and China remains weak. These countries generally see substantial entry by generic firms, conditional on launch by
at least one firm. However, this study does not consider patents at the drug level, and during the period of study,
very few drugs in those countries would have qualified for product patents.
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our price measure is the price per “standard unit,” which varies across drugsE it is essential that
we include a drug fixed-effect. This inclusion is also important if patents are more likely to be
granted on novel drugs and novelty is positively correlated with a drug’s quality or effectiveness, or
if originators are more likely to seek protection on high quality drugs (though quality is generally
difficult to assess when the first patent applications are filed).

Market size is approximated by country-level variables such as the disease burden associated
with each drug’s primary therapeutic class, population, GDP per capita and life expectancy. Infor-
mation on national health policies such as the existence of an essential medicines list, use of price
controls, average out-of-pocket expenditures, etc. is available for a subset of countries, and the
effect of many of these (endogenous) policies on access is, of course, also of great interest. How-
ever, incorporating this information would reduce the sample of countries considerably. Because
we observe few changes for these policies over time within countries, we instead include a country
fixed-effect in some specifications. Other control variables include the number of substitute drugs
sold locally and the number of products marketed by the originator in country j (both lagged one
period). Finally, a lagged price index that tracks changes in the price of other (older) drugs in
the same ATC3 therapeutic class is included. Our discussion below focuses only on the variables
related to intellectual property.

Table [6] presents the results of the simplest specifications we estimate. We exclude country
fixed-effects, and focus only on how the existence of a product patent affects launch, price and
quantity sold. We distinguish between cases where no patent ever existed (the excluded category),
where a drug had some patent protection that has expired, and where a drug is currently protected
by a product patent (Table @ On-patent products are most likely to be launched and to sell
in higher quantities, but also command the highest prices. Products with expired patents sell in
lower quantities and at lower prices than those that are on patent, but higher prices and quantities
relative to those that were never protected. The latter likely reflects the greater availability of
patent protection in richer countries and the greater incentives to seek patents in those markets.

Table [7] includes country fixed-effects. These absorb time-invariant differences in regulatory
barriers, the structure of retail and hospital pharmacy distribution, price controls, and other factors.
While the results for product launch are very similar, we find much smaller coefficients on patent
status in the price and quantity regressions. This is not very surprising, since richer countries
generally granted patents earlier than poorer countries and incentives to patent in rich countries
are also probably higher. The price variation associated with patents appears to be driven mostly

by cross-country variation.

181deally, we would use the price per standard course of treatment, but this is not available for all drugs in our
dataset, and usually varies depending on the specific use of a drug.
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5.2 Effects by country income

We next explore whether the importance of patents varies by country income. Demand for pharma-
ceuticals in rich countries tends to be somewhat inelastic, especially when patients have insurance
coverage. In contrast, the average patient in a poorer country may be unable to pay high out-of-
pocket prices or to afford insurance, limiting the ability of originators to exercise any market power
provided by patents. We would therefore expect prices to be lower overall in poorer countries, and
for the patent premium to be smaller there. That said, there are reasons to expect deviations from
this pricing pattern. If firms are unable to price discriminate across patients of different income
levels within a country, they may choose to set a high price and sell only to the richest segment in
lower income countries. Governments in rich countries may act as monopsony purchasers or have
greater bargaining power in negotiating prices with pharmaceutical firms than poorer countries.
Both factors suggest that prices may be relatively high in poorer countries, with lower quantities
sold.

Results from regression specifications that interact patent status with World Bank income group
classifications are presented in Table [§

We find the most striking differences for launch. Drugs that are never patented are unlikely to be
marketed, regardless of income. Launch of on-patent drugs is increasing in income, but the opposite
is true for drugs with expired patents. In other words, poor countries are more likely to receive older
drugs (meaning they could be sold either by originators or by generic firms, although we showed
earlier that originators are more likely to be first). Firms are less likely to introduce drugs with
expired patents in rich countries. Clearly, selection is important. Drugs that prove unsuccessful
in their initial launch markets may never be sold globally. The results for price also suggest that
patents are indeed worth more in richer markets, although differences between never patented,
expired patent and on-patent products are not statistically significant. That is, differential pricing
across countries is not markedly different for on-patent drugs, which is somewhat surprising. If
markets were perfectly competitive in the absence of a patent barrier, we would expect price to
fall to marginal cost and to vary little across countries. In fact, we observe large price differences
across countries regardless of patent status. In the case of quantity, the estimated difference across
patent status is an imprecisely estimated zero.

Next, we explore whether TRIPS changed the value of patents. In Table [9 we allow the effect
of patents to vary by income group and distinguish between patents granted pre-TRIPS or post-
TRIPS. As described earlier, the same drug can have pre-TRIPS and post-TRIPS patent status
in two different countries, depending on when each complied with TRIPS. Within a country, we
argue that the set of drugs with post-TRIPS patents is also (mostly) exogenously determined by
priority dates and TRIPS deadlines. Figures and [4] provide a graphical summary. Overall,
drugs are more likely to be launched if they have post-TRIPS patents, as well as to sell in higher

quantities. The effects for launch are larger in the rich countries. The most surprising result is that
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the price of post-TRIPS patented drugs is lower than pre-TRIPS patented products, on average,
in the poorest category of countries. Including either country-year or drug-year interactions yields
similar patterns of coefficients for the price and quantity regressions (it was impossible to estimate
nearly 10,000 interaction terms in the launch regression). The point estimates for patent status
within each of the country income groups are closer when country-year interactions are added and
have smaller standard errors, but are not statistically different from each other.

We interpret these results with caution, since they are driven by a small number of drugs. Most
low and lower middle income countries faced TRIPS compliance deadlines of 2005. Because of
the lengthy drug development cycle, very few drugs first patented after 2005 have been brought to
market by 2013, when our sample ends. Identifying differences is difficult once drug fixed effects are
included, and our estimates are noisy. However, the general pattern that emerges is that prices have
not significantly increased post-TRIPS, and quantities have not significantly declined, in relatively
poor countries. We discuss possible explanations in section In addition, while we include
drug fixed-effects to control for the quality of a molecule, it is also possible that quality varies
between manufacturers of the same molecule. In recent studies of the quality of drugs available in
pharmacies in the developing world, Bate et al. (2014a)) and Bate et al.| (2014b)) present evidence
of significant quality differences between manufacturers and countries. They find that innovator
products tend to be of higher quality. Thus, higher prices on innovator products may signal quality
in markets where less stringent regulation exists. In the absence of generic competitors, originators
may have less reason to signal quality through price.

We re-estimated these specifications using a more inclusive definition of “on-patent,” as ex-

plained in Section [3] They are qualitatively similar to those described above.

5.3 Results using instrumental variables

Our final analysis adopts a different approach to identifying the effect of patent protection. Rather
than grouping products by whether they have patent protection, we use a country’s compliance
with TRIPS as an exogenous shifter for the incentives of firms to seek patents and for a country
to grant them. We can also exploit the exogenously determined (at the time of patent application)
statutory patent term, which should be correlated with patent status but have no effect on price or
quantity except through patent status. The statutory limit should be unrelated to quality, unlike
patent term extensions or other regulatory provisions for market exclusivity. It should also be
unrelated to endogenous challenges (which are more likely for expensive or important drugs) to a
patent’s validity. The statutory patent term is specified by law as years since application or years
since grant. Since the decision to apply (and possibly to grant) is endogenous, we instead base this
definition on the priority date plus 12 or 30 months, depending on a country’s status as a signatory
to the Patent Convention Treaty. As noted above, we focus only on the linear price and quantity

equations, and on a simplified measure of patent status.
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Table 7?7 contains the estimation details for patent status (“stage 0”) and the first stage IV
regressions, where we define “patented” as having product patent protection. In stage 0, we esti-
mate a linear model for patent status using all explanatory variables (including year, country and
drug fixed-effects) plus indicators for whether the priority date fell within the window of TRIPS
compliance and for whether the period is within the statutory term of patent protection. The
latter are both highly significant and economically meaningful. We then generate predicted val-
ues (Pate@Drug) for patent status, and use these, their square, and their interactions with
income groups as instruments for patent status in the price and quantity regressions. Standard
tests indicate that these instruments are valid.

In addition to the IV estimation of price and quantity, we include OLS included for comparison.
While the OLS estimates indicate only small differences in price or quantity associated with patents,
the IV estimates point to a much larger effect. The price premium associated with patent protection
is large and significant for all income groups except the poorest. This makes intuitive sense: while
patents provide some market power, its exercise (through setting high prices) is likely to be limited
where purchasing power is very low. In rich countries, patents allow the use of much higher markups.
The IV estimates also suggest more use of differential pricing for patented drugs than do the OLS.
Patented drugs sell in higher quantities in most income groups.

The IV estimates rely on the variation explained by the exogenous option of post-TRIPS pro-
tection and pre-determined statutory patent terms, and provide the local average treatment effect
of patents for the subset of cases where this variation changed patent status. The estimated local

average treatment effect of patent status for these products may not be representative for all drugs.

5.4 Discussion

Most of the debate about patented drugs is focused on price, with concerns that patients in poor
countries are unable to afford them. We expected patents to be associated with increased prices, if
patent holders are able to exploit their market power. In general, this is what we find, and concerns
about the effect of IPRs on affordability are certainly valid. However, there are two reasons to be
somewhat optimistic about the effects of patents in developing countries. The price premium
associated with patents is close to zero, on average, in the lower-middle income countries in our
sample. This is true whether we rely on OLS or on IV specifications. These results obscure the
changes specific to the implementation of the TRIPS Agreement in developing countries, however.
In fact, we find that TRIPS has actually been associated with a smaller price difference attributable
to patent protection in the poorest countries in our sample. Pre-TRIPS patented drugs are relatively
more expensive there. The price premium associated with patents is highest in rich countries, and
our estimates of this premium are higher when we control for the endogeneity of patent protection.

Two other measures of access receive less attention, but are worthy of discussion. Most of our

specifications find little difference in the quantities sold associated with patent status, although the
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IV estimates show a more worrisome picture in poor countries. Drugs with post-TRIPS patents
have higher sales than those without such protection, however. This suggests that originators invest
in efforts to shift out demand when IPRs protect them from generic competition. Since advertising
and investments in educating patients or health care practitioners would generally spill over to
competitors, it makes sense that originators underinvest in them when facing generic imitation.
We did not have a clear prediction for the effect of patents on launch, but we find across all
specifications that launch of new products is faster in the presence of patents. As was evident from
the summary statistics, patents are not the only barrier to generic entry in practice: even when
patents do not exist, generics may not enter, and they rarely enter first in most markets.

Cockburn et al. (2014), in a study of country-level patent policy and launch incentives in an
earlier period than that covered here, also emphasize the importance of IPRs and access. They
found interesting differences for countries that offered only short process patents versus those with
long product patents, but TRIPS has eliminated these cross-country differences. Other authors who
have conducted a recent analysis of the pharmaceutical market in one important developing country,
India, find only a small increase in price post-TRIPS (Duggan et al.|(2014)) and note the substantial
launch delays associated with weak patent protection (Berndt & Cockburn| (2014)). Our results
are broadly consistent with these recent contributions. However, all of these papers use market
data from IMS Health, which does not necessarily cover all distribution channels, particularly in
developing countries. We believe it is the best available source for a multi-country study of a large
cross-section of products. Studies that use alternative sources or that focus on a specific disease
area, particularly those in which NGOs are active in distribution and not sampled by IMS, may
yield different results. (Chaudhuri et al. (2006) is one such example, and identifying cases where
patents have had more negative consequences is important for adjusting policy.

In our description of the TRIPS Agreement, we noted several exceptions that developing coun-
tries negotiated. These include the right to use price controls and the right to issue compulsory
licenses (both of which have also been invoked by rich countries). One explanation for the ob-
served post-TRIPS reduction in price in lower middle income and low income countries is that
these countries exercised more stringent price controls on pharmaceuticals at the same time they
introduced stronger patents. India established a panel to examine regulating the price of patented
medicines in 2007, shortly after its TRIPS compliance deadline in 2005. Originators may still ex-
pect higher profits with price controls if they are not sharing the market with generic imitators, so
launch would be more attractive. We find some evidence for this. So far, the use of compulsory
licensing has been limited. |Beall & Kuhn (2012) identified only 34 potential compulsory licenses
in 26 countries by 2011. Of course, originators may have started to reduce prices post-TRIPS or
to use voluntary licensing in order to make compulsory licensing less attractive to governments, or
perhaps due to increased attention to corporate social responsibility. For example, to encourage in-

novators to increase the availability of their products in developing countries, accesstomedicines.org
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produces an annual index of pharmaceutical firms based on their pricing, licensing, R&D invest-
ments, and other dimensions. Merck and GlaxoSmithKline announced a large price cut on their
cervical cancer vaccines for developing countries in May 2013. Gilead, the producer of the hepatitis
C treatment SOVALDI, recently issued voluntary licenses for manufacturers selling in low-income
markets. Patent challenges, or attempts to invalidate pharmaceutical patents, may also play a
role. Such challenges exist in both developed countries (indeed, the Hatch-Waxman Act in the US
provides clear incentives for such challenges) and increasingly in developing countries as well. In
addition, countries vary in the definition of the inventive step required to patent an innovation.
Sampat et al. (2012)) describe the case of India, whose Patent Act does not allow patents on vari-
ants of existing pharmaceuticals without proof of increased effectiveness. |Garrison (2006) provides
a detailed description of other exceptions used by developing countries to limit scope of patent
protection.

The countervailing responses just described are most likely to affect important drugs: those
that treat serious diseases with a high local burden. That is, price controls and compulsory licenses
are more relevant for HIV or hepatitis treatments than for acne, restless leg syndrome, or erectile
dysfunction. We include one final set of specifications that includes country fixed-effects, and allows
the effect of patent status to vary by disease burden within a country. These results are presented
graphically in Figures [9] [10] and For launch, we find that post-TRIPS patents have been most
important for diseases with lower disease burdens. This pattern is consistent with the idea (also
noted by Berndt & Cockburn (2014))) that these policies make product launch less attractive, as we
observe a smaller bump in launch for post-TRIPS patents when disease burden is greatest. Across
different types of drugs, prices are generally lower for diseases with higher burdens, while quantity
sold is higher. Such correlations are most pronounced for the post-TRIPS patented drugs, which
may be the focus of countervailing policies to offset the negative effects of patents. However, these
differences are statistically insignificant, and therefore only suggestive.

There are alternative explanations for a change in price unrelated to non-IP policy shifts or
political pressures. First, if originators are more willing to launch new products when they are
protected by IPRs, the set of products available in a market will expand. This larger set of products
may include those for which patents shifted the expected quantity sold by the innovator more than
the price commanded (especially in relatively poor countries, where demand may be more elastic).
In other words, the adoption of patents may have encouraged the launch of products with lower
prices, for which innovators could not cover the fixed costs of launch without the assurance of 100%
market share. Another explanation is related to the form of competition in developing markets.
While generic products in developed countries are usually considered (nearly) perfect substitutes for
the original product, emerging markets often see competition between “branded” generics, where
real or perceived quality may vary across firms. In these environments, firms may incur some costs

to develop and protect their brand names, or use price to signal quality. It is possible that by
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allocating the entire market to the originator, TRIPS-related IPRs have eliminated the need to
differentiate from other producers of the same molecule; lower costs allow lower prices.

Whether the price changes are voluntary responses by firms or result from other policy instru-
ments, our estimates reflect the “net” effect of TRIPS rather than the effect of IPRs alone, and
there may be substantial heterogeneity in the outcomes across countries. However, these exemp-
tions largely offset the negative impact of stronger IPRs, conditional on product launch. They may
come at some cost: while |Kyle & McGahan| (2012) find that IPRs in developing countries have not
greatly shifted drug development incentives, the use of price controls in relatively rich markets is
associated with launch delays (Kyle (2007)).

6 Conclusion

Our results suggest several points about the relationship between IPRs and access. First, the
existence of IPRs is neither necessary nor sufficient for the launch of pharmaceutical innovations at
the country level. That is, the existence of patents on a molecule in a country does not always block
generic imitation, nor does the lack of patents always deter an originator from making a product
available. This suggests substantial heterogeneity in the value of IPRs, both across countries and
across drugs. IPRs that are not enforced are worth very little. IPRs on molecules with very high
imitation costs or low potential for profit in a country are also not particularly important. While
patented products generally command higher prices, we find that the price premium for patent
products is smaller following TRIPS compliance. This may reflect the greater use of pharmaceutical
price controls, bargaining power of government purchasers or the threat of compulsory licensing
in order to offset some of the market power granted by IPRs. Post-TRIPS patented drugs enjoy
higher sales. Finally, IPRs have a very large bearing on product launch. Thus, while the potential
for patents to limit access is often emphasized in policy discussions, it appears that IPRs — by
creating increased incentives for marketing efforts by originators — may increase the availability of
new treatments to populations in developing countries on average. Of course, there are important
exceptions to this pattern. Where a large generic market potentially exists, such as in the case
of HIV or Hepatitis C, patents are more likely to restrict price competition in developing markets
where such protection is available.

The TRIPS Agreement, which generally strengthened and harmonized IPRs across countries,
does appear to have changed market outcomes. On average, access to new pharmaceuticals has at
least not decreased following TRIPS. Point estimates show an increase in the probability of new
product launch and quantities sold, although differences are not always statistically significant.
While patents are also associated with higher prices, there is some evidence that prices in poorer
countries have fallen, though not to the level of off-patent products. However, the effect of IPRs may
be confounded by other policy changes. It is certainly possible that in the absence of countervailing

policies, stronger IPRs would have resulted in a larger increase in prices. It is also likely that IPRs
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have very different implications for countries with a large generic sector (e.g., India) than for most
of the developing countries we examine. Nevertheless, we believe the results should be considered
relatively good news about the relationship between IPRs and access to innovative medicines,

although considerable work remains to improve the latter.
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Table 1: Distribution of country characteristics
Year of TRIPS compliance deadline N

1995 25

1996 1

1999 1

2000 16

2001 2

2005 12

2012 1

Total 58

Income group (2000) N
High OECD 20
High nonOECD 4
Upper middle 17
Lower middle 16
Low income 3
Total 60

WDI geographic region N
East Asia & Pacific 10
Europe & Central Asia 27
Latin America & Caribbean 9
Middle East & North Africa 9
North America 2
South Asia 2
Sub-Saharan Africa 1
Total 60

Table 2: Distribution of molecules across diseases

Disease N
Infectious and parasitic 102
Respiratory 49
Nutritional deficiencies 3
Neoplasms 116
Diabetes 36
Endocrine 11
Neuropsychotic 92
Sense organ 10
Cardiovascular 136
Digestive 44
Genitourinary 41
Skin 36
Musculoskeletal 39
Oral 1
Total 716

31



Table 3: Access and price by income group and patent status

Launch Originator ~ Orig. launch Any generic Generic launch
(mean) Ist (mean)  (median yrs) (mean) (median yrs)

High OECD 0.55 0.86 1.50 0.28 7.76

High nonOECD 0.40 0.82 2.75 0.25 4.76

Upper middle 0.44 0.79 2.76 0.39 7.01

Lower middle 0.35 0.69 3.75 0.49 7.26

Never patented 0.31 0.73 3.51 0.43 7.50

Ever patented 0.59 0.84 1.75 0.32 7.01

Ever product patent 0.60 0.84 1.50 0.31 7.01

Total 0.45 0.80 2.25 0.36 7.25
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Fraction

Figure 1: Number of producers by patent status
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Table 6: Main effect of product patent

Launch Price Quantity
b/se b/se b/se
Expired patent 0.7149*** 0.3240*** 0.3360"*
(0.0438) (0.1118) (0.1540)
On patent 0.8535"** 0.4466" 0.4449™*
(0.0498) (0.1354) (0.1864)
Log(DALY) 0.0259 —0.0612* 0.1856**
(0.0174) (0.0329) (0.0574)
Ln(GDP per capita) 0.0260 0.2942*** 0.7872***
(0.0471) (0.1002) (0.1352)
Life expectancy 0.0168 0.0253 0.0373
(0.0104) (0.0193) (0.0231)
Ln(population) 0.0275 0.0306 0.7970***
(0.0258) (0.0433) (0.0601)
Number of local substitutes 0.0069*** 0.0035 0.0148***
(0.0015) (0.0069) (0.0047)
Price index of ATC class —0.0078 —0.0020
(0.0151) (0.0051)
Log originator products in country, t-1 0.2112*** 0.0522 0.1098"**
(0.0076) (0.0375) (0.0409)
Intercept —6.7325"** —2.6172* —5.6876"**
(0.8066) (1.4316) (1.6216)
N 1456176 620330 620330
Pseudo R’ .083
Adj. R? .832 765
. Year Year Year
Fixed effects ATC Drug Drug

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country.
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Table 7: Main effect of product patent with country fixed effects

Launch Price Quantity
b/se b/se b/se
Expired patent 0.7259™** 0.0582* —0.0803"
(0.0340) (0.0310) (0.0437)
On patent 0.9293*** 0.1017*** 0.0107
(0.0440) (0.0296) (0.0482)
Log(DALY) 0.0381*** —0.0858"** 0.2466™**
(0.0117) (0.0184) (0.0357)
Ln(GDP per capita) 0.3558"** —0.4714™ 1.1047**
(0.1350) (0.1535) (0.2370)
Life expectancy 0.0214 —0.0205 0.0749"
(0.0186) (0.0229) (0.0375)
Ln(population) —0.0877 —0.5539*" 1.0476*
(0.2524) (0.2182) (0.6033)
Number of local substitutes 0.0044*** 0.0062* 0.0136™**
(0.0013) (0.0033) (0.0039)
Price index of ATC class 0.0176™** —0.0040
(0.0039) (0.0031)
Log originator products in country, t-1 0.2035*** —0.0061 0.1045***
(0.0080) (0.0157) (0.0247)
Intercept —7.7830"** 1.4790 —8.7736™"
(1.8107) (2.0510) (3.8691)
N 1456176 620330 620330
Pseudo R? .0894
Adj. R? .886 8
. Year Year Year
Fixed effects ATC Drug Drug
Country Country Country

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country.
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Table 8: Estimation results using product patent by income group

Launch Price Quantity
b/se b/se b/se
Expired patent 1.0250%** 0.2905"** 0.4097**
(0.1616) (0.0875) (0.1653)
On patent 1.2320*** 0.3728*** 0.6126™**
(0.1731) (0.1094) (0.1971)
High nonOECD x expired patent —0.1480 —0.0376 0.4873
(0.1701) (0.1568) (0.3623)
Upper middle x expired patent —0.3070" 0.1894 —0.2616
(0.1660) (0.1872) (0.1961)
Lower middle x expired patent —0.3288" —0.3112 —0.2288
(0.1835) (0.1956) (0.2100)
High nonOECD X on patent —0.3271" —0.0611 0.3234
(0.1867) (0.1738) (0.4697)
Upper middle X on patent —0.4753** 0.2369 —0.5864""
(0.1798) (0.2146) (0.2524)
Lower middle x on patent —0.5180*" —0.0796 —0.5296"
(0.2032) (0.1933) (0.2857)
Drug has data exclusivity in country-quarter 0.1122 —0.1060
(0.0863) (0.0867)
High nonOECD 0.3964" —0.1893 —0.9131"
(0.2048) (0.1792) (0.5055)
Upper middle 0.5093** —0.4058 —0.1880
(0.2066) (0.3848) (0.3504)
Lower middle 0.3907 —0.4528 —0.5023
(0.2422) (0.7258) (0.6034)
Log(DALY) 0.0290* —0.0738"* 0.1557"**
(0.0158) (0.0309) (0.0525)
Ln(GDP per capita) 0.0448 0.1391 0.6240***
(0.0731) (0.2604) (0.2231)
Life expectancy 0.0192* 0.0230 0.0191
(0.0114) (0.0168) (0.0157)
Ln(population) 0.0389 0.0199 0.7638"**
(0.0266) (0.0497) (0.0642)
Number of local substitutes 0.0069*** 0.0024 0.0126™**
(0.0015) (0.0063) (0.0047)
Price index of ATC class —0.0066 —0.0024
(0.0141) (0.0051)
Log originator products in country, t-1 0.2098** 0.0454 0.0933"*
(0.0077) (0.0373) (0.0358)
Intercept —7.3669""* —1.6355 —3.2768™**
(0.9821) (1.4475) (1.2199)
N 1456176 620330 620330
Pseudo R? .0837
Adj. R? .834 .769
. Year Year Year
Fixed effects ATC Drug Drug

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country. The omitted income
group is High income OECD.
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Table 9: Estimation results using product patent by income group and TRIPS status

Price Quantity Quantity
b/se b/se b/se
Expired patent 1.0379*** 0.3006™ " 1.2202**~
(0.1604) (0.0786) (0.2336)
Pre-TRIPS patent 1.1608"* 0.4972*** 1.6171***
(0.1826) (0.1093) (0.3364)
Post-TRIPS patent 1.4594*** 0.4046*** 1.2365***
(0.1542) (0.0925) (0.2387)
High nonOECD x Expired patent 0.2993** —0.3397"** —1.8241***
(0.1174) (0.0666) (0.2900)
Upper middle x Expired patent 0.2660" —0.5767""* —1.0739***
(0.1240) (0.1475) (0.3000)
Lower middle x Expired patent 0.1614 —1.3303"** —0.8632"
(0.1680) (0.2961) (0.4428)
High nonOECD x Pre-TRIPS patent 0.0419 —0.3573"** —2.2044™"*
(0.1234) (0.0641) (0.3447)
Upper middle x Pre-TRIPS patent 0.1674 —0.5926"** —1.2855"**
(0.1258) (0.1601) (0.4060)
Lower middle x Pre-TRIPS patent 0.0474 —1.0300"** —1.9314"**
(0.2046) (0.1650) (0.4617)
High nonOECD X Post-TRIPS patent 0.0676 —0.4352"** —1.6122***
(0.1010) (0.0742) (0.2822)
Upper middle x Post-TRIPS patent —0.0412 —0.6387** —1.1074***
(0.1336) (0.1650) (0.3363)
Lower middle x Post-TRIPS patent —0.2175 —1.4901"** —0.8119
(0.2011) (0.4361) (0.6538)
Drug has data exclusivity in country-quarter 0.1649* —0.1484
(0.0873) (0.1188)
Log(DALY) 0.0311%*
(0.0157)
Ln(GDP per capita) 0.0743
(0.0720)
Life expectancy 0.0208**
(0.0093)
Ln(population) 0.0442*
(0.0262)
Number of local substitutes 0.0059™** —0.0060 0.0556™**
(0.0015) (0.0052) (0.0078)
Price index of ATC class —0.0023 0.0074
(0.0049) (0.0052)
Log originator products in country, t-1 0.2145"** 0.0392 0.3556™*"
(0.0071) (0.0368) (0.0763)
Intercept —7.3761"*" 1.0374*** —0.2282
(0.7569) (0.2355) (0.5651)
High nonOECD
Upper middle
Lower middle
N 1456176 622988 622988
Adj. R? .829 677
Year*Country

Fixed effects

Drug

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country. The omitted income

group is High income OECD.
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Table 10: Estimation results using product patent by income group and TRIPS status, country*year
FEs

Price Quantity
b/se b/se
Expired patent 0.0199 0.0879
(0.0492) (0.0925)
Pre-TRIPS patent 0.0789 0.2651**
(0.0553) (0.1055)
Post-TRIPS patent 0.1130" 0.2164"
(0.0571) (0.1157)
High nonOECD x Expired patent 0.1670"** 0.8069™**
(0.0581) (0.1541)
Upper middle x Expired patent —0.3805"** 1.5299***
(0.0403) (0.0585)
Lower middle x Expired patent —1.2336™"* 1.7838***
(0.0523) (0.0665)
High nonOECD x Pre-TRIPS patent 0.1935"** 0.7352***
(0.0650) (0.1330)
Upper middle x Pre-TRIPS patent —0.3998"** 1.2772%**
(0.0452) (0.0992)
Lower middle x Pre-TRIPS patent —1.2327** 1.3918***
(0.0499) (0.1230)
High nonOECD x Post-TRIPS patent 0.1079 0.6774"**
(0.0688) (0.2082)
Upper middle x Post-TRIPS patent —0.4915"** 1.3608™**
(0.0588) (0.1234)
Lower middle x Post-TRIPS patent —1.2206™"* 1.7732"**
(0.0593) (0.1440)
Drug has data exclusivity in country-quarter —0.0042 —0.2723™**
(0.0250) (0.0551)
Number of local substitutes 0.0054* 0.0152***
(0.0032) (0.0042)
Price index of ATC class 0.0047 —0.0016
(0.0034) (0.0010)
Log originator products in country, t-1 —0.0038 0.0978"**
(0.0154) (0.0248)
Intercept 0.7763"** 0.4026
(0.1278) (0.3314)
N 622988 622988
Adj. R? .888 801
Fixed effects Year*Country
Drug

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country. The omitted income
group is High income OECD.
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Table 11: Estimation

results using product patent by income group

Price (OLS) Price (IV) Quantity (OLS) Quantity (IV)
b/se b/se b/se b/se
On patent 0.0903*** —0.1284™** 0.2654"** 0.3377"*
(0.0277) (0.0131) (0.0404) (0.0223)
High nonOECD X on patent 0.0439 —0.0505 —0.1380 0.0076
(0.0412) (0.0312) (0.1191) (0.0531)
Upper middle x on patent 0.0092 —0.0742™** —0.2838"** —0.1549™**
(0.0335) (0.0140) (0.1065) (0.0238)
Lower middle x on patent —0.0276 0.0290 —0.3647"** —0.2177"*
(0.0467) (0.0255) (0.1063) (0.0434)
Drug has data exclusivity in country-quarter —0.0060 —0.0037 —0.1675"* —0.1656"*"
(0.0217) (0.0030) (0.0440) (0.0052)
Active non-product patent 0.0559"** —0.0754™* 0.1001*** 0.1596™
(0.0201) (0.0090) (0.0259) (0.0153)
Log(DALY) —0.0859*** —0.0862*** 0.2488*** 0.2481***
(0.0183) (0.0018) (0.0358) (0.0030)
Ln(GDP per capita) —0.4872"** —0.4045""* 1.0556*** 1.0193"**
(0.1554) (0.0150) (0.2386) (0.0255)
Life expectancy —0.0212 —0.0145™* 0.0703* 0.0673*"*
(0.0230) (0.0025) (0.0374) (0.0042)
Ln(population) —0.5674*" —0.4914™* 0.9784 0.9523***
(0.2215) (0.0235) (0.6065) (0.0400)
Number of local substitutes 0.0061* 0.0063"** 0.0134™** 0.0134™**
(0.0032) (0.0002) (0.0039) (0.0003)
Price index of ATC class 0.0175"** 0.0175"** —0.0041 —0.0040"**
(0.0039) (0.0004) (0.0030) (0.0007)
Log originator products in country, t-1 —0.0055 —0.0035~ 0.1037*** 0.1019***
(0.0156) (0.0018) (0.0248) (0.0031)
Intercept 1.7269 0.8018"** —6.6158" —7.8345"**
(2.0855) (0.2196) (3.8772) (0.3738)
N 620330 620330 620330 620330
Adj. R? .886 .886 .800 .800
Year
Fixed effects Country
Drug

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country. The omitted income

group is High income OECD.

41



Log(price)

Pr(launch)

Figure 2: Patent protection and launch, by income group
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Figure 3: Patent protection and price, by income group
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Figure 4: Patent protection and quantity, by income group
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Figure 5: Patent protection and price, IV estimates
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Figure 6: Patent protection and quantity, IV estimates
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Figure 7: Patent protection and price, IV estimates
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Figure 8: Patent protection and quantity, IV estimates
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Figure 9: Patent protection and launch, by disease burden
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Figure 10: Patent protection and price, by disease burden
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Figure 11: Patent protection and quantity, by disease burden
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B Main Effect of Any Active Patent

Table 13: Main effect of any patent

Launch Price Quantity
b/se b/se b/se
Expired patent 0.6019*** 0.2448** 0.1373
(0.0631) (0.1042) (0.1323)
On patent 0.8333"** 0.4022*** 0.4477"
(0.0470) (0.1251) (0.1730)
Log(DALY) 0.0267 —0.0618" 0.1843***
(0.0174) (0.0328) (0.0571)
Ln(GDP per capita) 0.0213 0.2929*** 0.7758***
(0.0473) (0.0996) (0.1346)
Life expectancy 0.0166 0.0252 0.0373
(0.0105) (0.0192) (0.0227)
Ln(population) 0.0267 0.0310 0.7948"**
(0.0259) (0.0431) (0.0601)
Number of local substitutes 0.0070*** 0.0034 0.0145"**
(0.0015) (0.0069) (0.0047)
Price index of ATC class —0.0078 —0.0020
(0.0151) (0.0051)
Log originator products in country, t-1 0.2109™** 0.0529 0.1112***
(0.0076) (0.0373) (0.0410)
Intercept —6.6994** —2.6010" —5.6639"**
(0.8172) (1.4233) (1.5929)
N 1456176 620330 620330
Pseudo R? .0832
Adj. R? .832 765
. Year Year Year
Fixed effects ATC Drug Drug

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country.

C Main Effect of Any Active Patent with Fixed Effects

D Estimation Results Using Any Patent by Income Group

E Estimation Results Using Any Patent by Income Group and

TRIPs Status

F  Estimation Results Using Any Patent with Country*Year FEs

G  First-stage IV Estimation Results

H IV Estimation Results Using Any Patent
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Table 14: Main effect of any patent with country fixed effects

Launch Price Quantity
b/se b/se b/se
Expired patent 0.6037*** 0.0352 —0.1738"**
(0.0552) (0.0354) (0.0533)
On patent 0.8928"** 0.0854"** —0.0019
(0.0398) (0.0295) (0.0413)
Log(DALY) 0.0388™** —0.0862*"* 0.2455™**
(0.0117) (0.0182) (0.0358)
Ln(GDP per capita) 0.3196™" —0.4758""* 1.0695™**
(0.1371) (0.1556) (0.2368)
Life expectancy 0.0211 —0.0202 0.0740"
(0.0189) (0.0228) (0.0372)
Ln(population) —0.0944 —0.5566"" 1.0191%
(0.2483) (0.2191) (0.6012)
Number of local substitutes 0.0047*** 0.0062* 0.0135™**
(0.0013) (0.0032) (0.0039)
Price index of ATC class 0.0176™** —0.0040
(0.0039) (0.0030)
Log originator products in country, t-1 0.2032*** —0.0060 0.1050™**
(0.0079) (0.0157) (0.0246)
Intercept —7.6917"** 1.4722 —8.5579*"
(1.8247) (2.0494) (3.8513)
N 1456176 620330 620330
Pseudo R? .0895
Adj. R? .886 8
. Year Year Year
Fixed effects ATC Drug Drug
Country Country Country

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country.
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Table 15: Estimation results using any patent by income group

Launch Price Quantity
b/se b/se b/se
Expired patent 0.6314"** 0.1778"* 0.1409
(0.1693) (0.0775) (0.1493)
On patent 1.2067** 0.3592*** 0.5812***
(0.1693) (0.0987) (0.1782)
High nonOECD x expired patent 0.2039 0.1214 0.5497**
(0.1864) (0.1533) (0.2689)
Upper middle x expired patent 0.1017 0.2559 —0.1024
(0.1820) (0.1981) (0.1960)
Lower middle x expired patent 0.1188 —0.1976 —0.0197
(0.1889) (0.1918) (0.2275)
High nonOECD X on patent —0.2853 —0.0841 0.3846
(0.1885) (0.1650) (0.4359)
Upper middle x on patent —0.4736"** 0.2023 —0.4544**
(0.1726) (0.1984) (0.2206)
Lower middle x on patent —0.5278"** —0.2328 —0.4156"
(0.1970) (0.1872) (0.2318)
Drug has data exclusivity in country-quarter 0.1124 —0.1040
(0.0858) (0.0865)
High nonOECD 0.4034** —0.1775 —0.8847*
(0.2046) (0.1791) (0.5003)
Upper middle 0.5257** —0.3907 —0.1651
(0.2064) (0.3859) (0.3459)
Lower middle 0.4158" —0.4329 —0.4798
(0.2408) (0.7283) (0.5993)
Log(DALY) 0.0309™* —0.0735"" 0.1532"**
(0.0158) (0.0308) (0.0524)
Ln(GDP per capita) 0.0554 0.1413 0.6203***
(0.0724) (0.2610) (0.2228)
Life expectancy 0.0189" 0.0231 0.0194
(0.0113) (0.0168) (0.0157)
Ln(population) 0.0412 0.0192 0.7638"*
(0.0263) (0.0501) (0.0640)
Number of local substitutes 0.0071*** 0.0023 0.0124**
(0.0015) (0.0063) (0.0047)
Price index of ATC class —0.0068 —0.0025
(0.0141) (0.0051)
Log originator products in country, t-1 0.2097"** 0.0473 0.0957**
(0.0077) (0.0375) (0.0358)
Intercept —7.3829™** —1.6642 —3.3308™**
(0.9726) (1.4473) (1.2185)
N 1456176 620330 620330
Pseudo R? .0845
Adj. R? .834 7
. Year Year Year
Fixed effects ATC Drug Drug

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country. The omitted income
group is High income OECD.
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Table 16: Estimation results using any patent by income group and TRIPS status

Price Quantity Quantity
b/se b/se b/se
Expired patent 0.6368"** 0.1355"" 0.9134**
(0.1694) (0.0590) (0.1933)
Pre-TRIPS patent 1.0492*** 0.4700"** 1.1655™**
(0.1702) (0.0830) (0.2319)
Post-TRIPS patent 1.4035*** 0.3894*** 1.6729***
(0.1661) (0.1102) (0.3046)
High nonOECD x Expired patent 0.6565"** —0.0500 —1.6490™**
(0.1496) (0.0939) (0.3127)
Upper middle x Expired patent 0.6771%* —0.4168** —0.8859"**
(0.1636) (0.1800) (0.2921)
Lower middle x Expired patent 0.6041*** —1.1413*** —0.6832
(0.1879) (0.2882) (0.4397)
High nonOECD x Pre-TRIPS patent 0.1022 —0.4233"** —1.7710"**
(0.1518) (0.0541) (0.2678)
Upper middle x Pre-TRIPS patent 0.1957* —0.6529™"* —0.8033**
(0.1095) (0.1412) (0.3308)
Lower middle x Pre-TRIPS patent 0.0520 —1.0839*** —1.1020"*
(0.1882) (0.1718) (0.4188)
High nonOECD X Post-TRIPS patent 0.1107 —0.4275"** —1.9051***
(0.0938) (0.0735) (0.3076)
Upper middle x Post-TRIPS patent 0.0014 —0.5955™"* —1.2257*
(0.1197) (0.1526) (0.3516)
Lower middle x Post-TRIPS patent —0.1619 —1.5570™** —1.0072"
(0.1869) (0.4138) (0.6024)
Drug has data exclusivity in country-quarter 0.1730** —0.1659
(0.0858) (0.1168)
Log(DALY) 0.0297*
(0.0156)
Ln(GDP per capita) 0.0778
(0.0724)
Life expectancy 0.0174
(0.0108)
Ln(population) 0.0469*
(0.0258)
Number of local substitutes 0.0055"** —0.0060 0.0527**
(0.0016) (0.0051) (0.0073)
Price index of ATC class —0.0023 0.0069
(0.0049) (0.0052)
Log originator products in country, t-1 0.2115™** 0.0403 0.3533"**
(0.0071) (0.0369) (0.0758)
Intercept —7.1144"** 1.0542*** —0.2650
(0.8509) (0.2335) (0.5560)
High nonOECD
Upper middle
Lower middle
N 1456176 622988 622988
Adj. R? .829 678
Year*Country

Fixed effects

Drug

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country. The omitted income

group is High income OECD.
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Table 17: Estimation results using any patent by income group and TRIPS status, country*year
FEs

Price Quantity
b/se b/se
Expired patent —0.0716 —0.0974
(0.0538) (0.0825)
Pre-TRIPS patent 0.1145** 0.0284
(0.0492) (0.1004)
Post-TRIPS patent 0.0434 0.3701"**
(0.0518) (0.1085)
High nonOECD x Expired patent 0.3065"** 1.2481"**
(0.0728) (0.1643)
Upper middle x Expired patent —0.2817*** 1.8503***
(0.0645) (0.1019)
Lower middle x Expired patent —1.1599*** 2.0974***
(0.0543) (0.1085)
High nonOECD x Pre-TRIPS patent 0.0381 1.1176™**
(0.0514) (0.1167)
Upper middle x Pre-TRIPS patent —0.4829*** 1.7506™**
(0.0478) (0.0748)
Lower middle x Pre-TRIPS patent —1.3415*** 1.9930***
(0.0504) (0.1086)
High nonOECD x Post-TRIPS patent 0.1425"** 0.7296**
(0.0512) (0.1590)
Upper middle x Post-TRIPS patent —0.4075"** 1.4346™**
(0.0401) (0.0734)
Lower middle x Post-TRIPS patent —1.1855*"* 1.7188**
(0.0719) (0.1029)
Drug has data exclusivity in country-quarter —0.0016 —0.2769™**
(0.0248) (0.0552)
Number of local substitutes 0.0054* 0.0149***
(0.0031) (0.0041)
Price index of ATC class 0.0048 —0.0018"
(0.0034) (0.0010)
Log originator products in country, t-1 —0.0032 0.0998"**
(0.0154) (0.0243)
Intercept 0.7970"** 0.2129
(0.1258) (0.3288)
N 622988 622988
Adj. R? .888 .802
Fixed effects Year*Country
Drug

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country. The omitted income
group is High income OECD.
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Table 18: 1st Stage IV Estimation Results

Stage 0 IV first stage regressions
Patented Patented Patented*  Patented* Patented*
nonOECD  Upper middle Lower middle
b/se b/se b/se b/se b/se
Within window 0.1817***
(0.0009)
Within term 0.0098™**
(0.0010)
Drug has data exclusivity -0.0220***  0.0050™**  0.0007***  -0.0065"** -0.0172***
in country-quarter (0.0007) (0.0012) (0.0003) (0.0008) (0.0006)
Log(DALY) -0.0018"**  0.0029*** -0.0011***  0.0032*** 0.0017***
(0.0004)  (0.0007)  (0.0002)  (0.0004) (0.0004)
Ln(GDP per capita) 0.3396™** 0.2438*** -0.0184™**  0.1505*** 0.2127***
(0.0031)  (0.0062)  (0.0018)  (0.0040) (0.0034)
Life expectancy 0.0274*** 0.0170"** 0.0059"** 0.0019"** 0.0200"**
(0.0005)  (0.0010)  (0.0003)  (0.0006) (0.0005)
Ln(population) 0.2515** 0.2563*** 0.1477** 0.0368"** 0.1425***
(0.0047)  (0.0093)  (0.0027)  (0.0061) (0.0051)
Number of local substitutes 0.0012***  0.0005***  0.0002*** 0.0005"** -0.0006™**
(0.00003)  (0.0001)  (0.00002)  (0.00004) (0.0001)
Price index of ATC class -0.0001* -0.0004**  0.00004 0.0001 -0.0006™**
(0.0001)  (0.0002)  (0.00005)  (0.0001) (0.0001)
Log originator products 0.0160"** 0.0059*** 0.0027*** 0.0045"** 0.0156™**
in country, t-1 (0.0004) (0.0007) (0.0002) (0.0005) (0.0004)
PatentedDrug 0.0982***  -0.2430***  -0.9019*** -1.2048***
(0.0261)  (0.0076)  (0.0170) (0.0143)
PatentedDrug’ 0.2002**  0.1111*"*  0.3004*** 0.4392***
(0.0164)  (0.0048)  (0.0108) (0.0090)
PatentedDrug*High non-OECD 0.4312°**  1.4396™"  0.4694 *** 0.5785"*"
(0.0261) (0.0076) (0.0171) (0.0143)
PatentedDrug*Upper middle 0.0322* 0.1001**  1.4629 *** 0.4849***
(0.0173)  (0.0050)  (0.0113) (0.0095)
PatentedDrug*Lower middle 0.1489***  0.1613***  0.5597*** 1.5710%*
(0.0212)  (0.0062)  (0.0139) (0.0116)
Intercept -3.3003***  -2.1989***  -0.9238"**  -0.3971""* -2.0793**
(0.0470)  (0.0872)  (0.0254)  (0.0570) (0.0479)
N 1761836 620330 620330 620330 620330
F-statistic 18544.63 1124.43 1091.3 1075.84 728.68
Adj. Partial R? for IVs 0.0098 0.0759 0.0779 0.0759
Adj. R? 0.5660 0.5925 0.5853 0.5818 0.4851
Year
Fixed effects Drug
Country

* p<0.10, ** p<0.05, *** p< .0L.
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Table 19: Estimation results using any patent by income group

Price (OLS) Price (IV) Quantity (OLS) Quantity (IV)
b/se b/se b/se b/se
On patent 0.1205™** 0.1978"** 0.3464™** 0.1570"**
(0.0330) (0.0251) (0.0596) (0.0428)
High nonOECD X on patent 0.0146 0.0059 —0.2928" —0.2911"**
(0.0574) (0.0231) (0.1727) (0.0395)
Upper middle x on patent —0.0114 —0.0037 —0.3379"** —0.1375™*
(0.0393) (0.0164) (0.0841) (0.0280)
Lower middle x on patent —0.1046** —0.1460"** —0.3469"* —0.1055"**
(0.0387) (0.0168) (0.0858) (0.0288)
Drug has data exclusivity in country-quarter —0.0075 —0.0088""* —0.1659""" —0.1609"**
(0.0216) (0.0031) (0.0441) (0.0052)
Active non-product patent —0.0342** —0.0632""* —0.0597* —0.0377"**
(0.0162) (0.0078) (0.0301) (0.0133)
Log(DALY) —0.0860"** —0.0859"** 0.2468"** 0.2463***
(0.0184) (0.0017) (0.0358) (0.0030)
Ln(GDP per capita) —0.4838"** —0.5081"** 1.0783*** 1.0986™**
(0.1565) (0.0155) (0.2394) (0.0264)
Life expectancy —0.0212 —0.0233"** 0.0725" 0.0756™
(0.0230) (0.0025) (0.0378) (0.0043)
Ln(population) —0.5706™* —0.5943"** 1.0004 1.0467*
(0.2211) (0.0240) (0.6059) (0.0410)
Number of local substitutes 0.0060* 0.0059™** 0.0133*** 0.0136™**
(0.0032) (0.0002) (0.0039) (0.0003)
Price index of ATC class 0.0175"** 0.0175*** —0.0041 —0.0039***
(0.0039) (0.0004) (0.0030) (0.0007)
Log originator products in country, t-1 —0.0045 —0.0047"** 0.1063*** 0.1043***
(0.0155) (0.0018) (0.0247) (0.0031)
Intercept 1.7401 1.8630™** —6.8743" —8.8278***
(2.0844) (0.2242) (3.9044) (0.3829)
N 620330 620330 620330 620330
Pseudo R2
Adj. R? .886 .886 8 8
. Year
Fixed effects Country
Drug

* p<0.10, ** p<0.05, *** p< .01. Standard errors are clustered by country. The omitted income
group is High income OECD.
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