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Executive Summary

This paper describes a Global Health Innovation Sys-
tem (GHIS) based on research in innovations systems
theory. This system would define how concerned
countries and institutions could more effectively con-
tribute to health care innovations, especially for the
poor in developing countries. Such a system is
needed because of the very rapid recent changes in
global health innovation. Since the turn of the millen-
nium, the Era of Partnerships has emerged. This era is
characterized by the rise of product-development
public-private partnerships and is also marked by
increased networking, a trend that would benefit
from greater coordination and the adoption of a
range of best practices. With a comprehensive and

Introduction

There is a growing consensus about the need to de-
velop and deliver new health technologies for dis-
eases affecting the poor in developing countries.
New funds, new organizations, and new approaches
are revitalizing the public sector. Spurred by a better
understanding of the market and its limitations
when addressing the needs of the poor, there is a
greater awareness of the public sector’s essential role
in promoting access to health technologies. This revi-
talization is relatively young, but in some areas it is
moving very quickly. For example, global procure-
ment mechanisms for vaccines, drugs, and other
materials have been set up, and public-private prod-
uct development partnerships (PDPs) in developed
countries and some developing countries have been
established.

Rio de Janeiro, RJ 21040-900 Brazil
morel@fiocruz.br

compelling GHIS current resources could be allocated
more efficiently and additional resources could be
mobilized more readily.

By integrating innovation with health systems
and widened perspectives, the GHIS would help
overcome a set of critical health failures: failures of
science, failures of the market, and failures of public
health systems. It would do so by providing valuable
guidance in the planning and management of innova-
tion at the global, regional, national, institutional, and
sector levels. The paper concludes by demonstrating
how a GHIS could address the health failures by ap-
plying the lessons of innovation studies in a struc-
tured framework.

No global model, however, has yet been put for-
ward to plan, coordinate, conduct, and support ef-
forts. Now is the time to construct such a global
model. How do the new parts relate to each other?
How do the new components relate to the old parts?
And how do they relate to things occurring outside
health? We must consider the big picture to deter-
mine how all of the parts can work together most
effectively. Funds are limited but there is the pros-
pect and need for more, so it is essential to find cost
effective policies, strategies that can mobilize those
funds. What are those policies and strategies and
how do we develop them? To answer these ques-
tions, we need a global model or system. The prob-
lem has been succinctly summarized by Prof. Barry
Bloom, “There’ve been lots of creative ideas and lots of

Mahoney RT and CM Morel. 2006. A global health innovation system (GHIS). Innovation Strategy Today 2(1):1-12.
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new people, but there’s one missing piece. There’s no ar-
chitecture of global health.”[1]

Fortunately, existing research can guide our pur-
suit of the answers to these questions. Having care-
fully studied how new technologies reach markets,
innovation systems theory has already contributed
greatly to our understanding of the architecture of
global health. Our quest to improve health care in-
novation should therefore include the work of schol-
ars of innovation, and in this paper we build on in-

The History of Health Innovation

Health innovation includes not only technologies
but also better systems and policies. Since Schum-
peter’s analysis[2], scholars have argued that ad-
vances in human health and well-being are deter-
mined both by technological innovation and by how
institutions handle new technologies. Understanding
the history of health care innovation, therefore, re-
quires us to consider both technologies and policies.

Since the 19th century, we see four major periods
of health technology innovation: the Era of the Pub-
lic Sector, the Era of the Private Sector, the Era of
Public Sector Reawakening, and the Era of Partner-
ships. Our analysis is based in part on the work of
Stokes [3], which we have adapted to the field of
health technology innovation. The Era of the Public
Sector is the period from the mid-19t century to
World War I. The Era of the Private Sector is the pe-
riod from World War I to the fall of the Berlin Wall.
The years from the fall of the Berlin Wall to the
dawn of the 21 century, we refer to as the Era of
Public Sector Reawakening. The birth of the 21 cen-
tury marks the beginning of the Era of Partnerships.
The transitions from era to era take place in response
to broader world changes, particularly the struggle
between capitalism and socialism and the emergence
of globalization.

The Era of the Public Sector is epitomized by the
work of Pasteur. Working within the university, he
was able to develop a number of human and animal
health technologies that were widely adopted and
greatly improved medical practice. His initial dis-
coveries and technological innovations, such as dis-
proving spontaneous generation and developing the
rabies vaccine, were made possible largely by public
sector institutions, such as I’Ecole Normale in Paris.

novation theory to address the health problems of
the poor in developing countries. Based on widely-
accepted scholarship that clearly lays out how all the
players in health innovation — firms, governments,
research institutes, non-governmental organizations
(NGOs), citizens, and donors—can work together
most effectively to assure access to urgently needed
health technologies in developing countries, we ar-
gue for the creation of a Global Health Innovation
System (GHIS) — the missing architecture.

The explosive demand for rabies vaccination led
Pasteur in 1888 to create the Pasteur Institute in
Paris, a private, state-approved institute recognized
by the President of France. In 1891, Pasteur dis-
patched Albert Calmette to Saigon, (today Ho Chi
Minh City), Vietnam, where he founded the first
Institute outside France. Other disciples set up estab-
lishments modeled on the Paris Institute in several
developing countries. Invariably, these were public
institutions closely associated with national govern-
ments. Of course, Pasteur had no choice: no private
sector pharmaceutical or vaccine industry existed in
the second half of the 19th century, so he had to cre-
ate production facilities and structures himself.[4]

The Era of the Private Sector emerged in Ger-
many when chemical companies applied their
manufacturing skills to medicines[5]. They soon rec-
ognized the high investment returns of these tech-
nologies and established research capabilities to cre-
ate new and even more profitable products. During
this Era, the public sector became less involved in
activities that brought new medicines and vaccines
into wide use. To some degree, this was due to less
support for science in the Socialist east and to the
shift to funding “basic” research in the capitalist
West, which left it to industry to translate such re-
search into products. This was the established “lin-
ear paradigm” described in Vanevar Bush’s report to
the President of the United States at the end of
World War II: “Science the Endless Frontier”[6].

The Era of Public Sector Reawakening began in
the 1970s, when several development organizations
(foundations and governments) established after
World War II became concerned about health in de-
veloping countries, especially the absence of health
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technologies. Around this time, the World Health
Organization (WHO) established its Special Pro-
grammes: the Human Reproduction Programme
(HRP), the Tropical Disease Research and Training
Programme (TDR), and the Diarrheal Disease Control
Program (CDD). Each of these programs sought to
develop or apply new technologies and strategies for
the pressing health needs of people in developing
countries. With support from the Ford and Rockefel-
ler Foundations, The Population Council in New
York and the Program for Appropriate Technology in
Health (PATH) in Seattle also created programs to
begin product research and development to address
health needs in developing countries. The United
States government dramatically increased funding for
the NIH, which led to the unprecedented growth of
biomedical research there and in collaborating centers
around the world. But in the health field, collabora-
tion between the public and private sectors during
this period was uncommon and viewed with suspi-
cion. In other fields, particularly in engineering
schools and land grant colleges, a tradition of public-
private collaboration went back to the late 19th cen-
tury, especially in the United States [7]. In health re-
search and development, however, neither sector
understood the other, and collaboration was difficult,
at best. For example, private-sector representatives
were excluded from almost all WHO meetings, and
universities and companies rarely interacted, in part
because no clear legal framework allowed public in-
stitutions to manage IP rights.

The Era of Partnerships

We are in the very first years of the new Era of Part-
nerships, and, among many issues, we need to un-
derstand better how the public and private sectors
can partner most effectively. Ignorance is mutual.
While the public sector faces such challenges as
managing IP rights for the public’s benefit, IP man-
agement practices are well-established in the private
sector[11]. The private sector, on the other hand, is
eager to learn how to handle the special needs of
poor populations in both developed and developing
countries[12]. The ground is moving under every-
one’s feet: a number of developing countries are be-
ginning to reap the fruits of substantial investments
in biotechnology over the last 25 years. These coun-
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The passage of such legislation as the Bayh-Dole
Act in the U.S. in 1980 [8], the fall of the Berlin Wall
on 9 November 1989, and the collapse of the Soviet
Union on Christmas Day, 1991, made it possible to
view the relationship between the public and private
sectors more objectively. It became more acceptable
for academics in the West to work closely with phar-
maceutical companies; conversely, pharmaceutical
companies saw the benefits of closer collaboration
with universities and nonprofit research centers.
Beginning in the 1990s and flowering in the early
part of the 21st century, a number of new initiatives
were launched that have since become known as
product development public-private partnerships
(PDPs) [9, 10]. They seek to accelerate the develop-
ment of health products for use in developing coun-
tries. Examples include the founding of the Interna-
tional AIDS Vaccine Initiative (IAVI) in 1996, the
Aeras Foundation in 1997 to develop TB vaccines,
and the Medicines for Malaria Venture in 1999
(MMV) [10].

These developments led to the current Era of
Partnerships. It began to be understood that for-profit
pharmaceutical companies in wealthy industrialized
countries would not address the needs of the poor in
developing countries without incentives from gov-
ernment or other public sector agencies. On the other
hand, the private sector had certain skills and abili-
ties that the public sector lacked, including the abil-
ity to manufacture large numbers of products to
very high standards.

tries, such as Brazil, China, India, South Africa and
others, are now known as Innovative Developing
Countries (IDCs)[13, 14]. India is becoming a global
center for both vaccine and drug production and is
also rapidly increasing its capability to undertake
research and development. It already has extensive
capabilities in clinical assessment[15]. China is also
very rapidly expanding its research capabilities[16].
Early evidence collected and analyzed by Mary
Moran and other investigators shows that PDPs
have the promise to develop and introduce new
health technologies for developing countries[12].
Numerous questions, however, still need answers.
To be sure, the new Era of Partnerships has seen a



range of proposals to encourage or create initiatives
promoting health technology innovation for the
poor. These include double-bottom-line venture
capital funds (where both profits and social benefit
are measured); France’s airline solidarity contribu-
tion [17]; humanitarian licensing practices at re-
search universities[18]; fast-track regulatory ap-
proval vouchers[12]; global procurement funds such
as GAVI and the Global Fund to Fight AIDS, TB, and
Malaria; advance market commitments[19]; and oth-
ers. We do not know, however, which of these are
most cost-effective, which are synergistic, and which
may cross-react to produce unwanted side-
effects[20].

The Era of Partnerships is structured by techno-
logical innovation, the legacy of the geopolitical
struggle between capitalism and socialism, and glob-
alization. This last factor has affected many aspects of
health worldwide. Jet travel can transmit diseases
from one part of the world to another in a matter of
hours. Pharmaceutical firms are now global compa-
nies, marketing their products to over 100 countries.
Because of the very large profits they have made off
of critically needed health products—especially by
the poor—these companies have been admired and
criticized. Globalization has led university investiga-
tors to collaborate through worldwide research sys-
tems, which has made science a global undertaking.
All of these aspects of globalization are profoundly
affecting how knowledge is produced and how
health technology innovation occurs [21] [22].

We do not yet know how this new Era of Part-
nerships can operate most effectively in the field of
health innovation. Insistent questions have arisen
about how to best regulate new drugs and vaccines,
how to manage patents and other forms of IP for
new health applications, and how to fund research

in academia and industry. Many more such ques-
tions will continue to arise as we learn more about
the new structure, limitations, and possibilities of the
new Era of Partnerships.

We do know, however, one thing for certain: this
new era requires a global perspective. The WHO
Commission on Intellectual Property Rights and In-
novation has recently called for a global plan to
make the most of this new era[23]:

“It is important that all the contributions of all stake-

holders are taken into account so that their respective

energies can be mobilized towards the achievement of a

common goal... For this purpose, the need is to de-

velop a Global Plan of Action which would provide a

medium term framework for action by these partners,

including the setting of clear objectives and priorities
and a realistic estimation of funding needs if these are
to be achieved. ... Viewed across the field, there are
few or no available mechanisms at present to advise on
appropriate priorities for resource allocation between

R&D on different diseases, the balance between re-

sources needed for R&D and delivery for each disease

or the means to monitor and evaluate the impact of re-

sources devoted to treatment and delivery. Such a

Plan would also provide an important basis for meas-

uring progress towards the achievement of these

goals.”

If health technology innovation is to contribute to
alleviating death and disease among the poor world-
wide, its operations must be global. It must be able to
identify the nature and causes of so-called “health
failures” and to propose strategies to cope with them.
And these strategies must involve all countries—from
industrialized to least developed countries. In short,
the Global Plan of Action called for by the WHO
Commission should be a part of a Global Health Inno-
vation System (GHIS).

The GHIS as a Response to “Health Failures”

A Global Health Innovation System is warranted
because of a number of "health failures.” We identify
three kinds of these: science failures, market failures,
and public health failures.

Science failures occur when we lack the knowl-
edge to make tools or mechanisms to address health
problems. For example, we do not know how to make
safe and effective drugs or vaccines against such im-

portant diseases as dengue, avian flu, tuberculosis,
and all parasitic diseases (malaria, leishmaniases, and
trypanosomiases, etc.). To address this failure glob-
ally, we need more basic and applied research, which
requires not only increased funding but also en-
hanced strategies for developing new products that
will be accessible to the poor in developing countries.
Some of the most promising strategies involve PDPs

Mahoney & Morel



and funding agencies in industrialized countries to
address scientific issues of interest to developing
countries (e.g., the genome projects for tropical
pathogens and their vectors [24], [25]).

Market failures occur when the costs of vac-
cines, drugs, or other health interventions bar the
poor from access, when the cost of developing or
producing new drugs is very high, or when their
delivery requires costly structures, such as sophisti-
cated tertiary health care units. Examples of these
kinds of products are antiretrovirals, combination
therapies against malaria, and regimens for fighting
drug-resistant tuberculosis. To address these fail-
ures, we must either provide much greater funding
for such mechanisms as the Global Fund to Fight
AIDS, Tuberculosis, and Malaria, or we need to find
more efficient ways to produce these products and
lower their cost to consumers. We can address such
market failures by a number of means, including
procurement funds and funding PDPs. Other op-
tions include increasing the health budgets of na-
tional governments or stretching health expendi-
tures through government negotiations with drug
suppliers to reduce the costs of pharmaceuticals.
One example of an innovative financing system is
the Provisional Contribution on Financial Move-
ment (CPMF) that Brazil established in the 1990s to

finance health care, which generated revenue of
1.5% GDP for several years and helped deliver an-
tiretrovirals to millions [26] [27].

Public health failures occur when good gov-
ernance or sound priorities are lacking. Corrup-
tion, crises, war, or cultural and religious factors
can block access to cheap and readily available
interventions. Resistance to immunization by reli-
gious or cultural factors, for example, has made
polio eradication more difficult. Obesity and to-
bacco consumption are other examples. To address
these public health failures, we need more educa-
tion, better leadership within civil society, and the
strengthening of human rights. Recent innovations
that are helping to address these public health fail-
ures include National Immunization Days[28], the
WHO Tobacco Convention, educational TV cam-
paigns, and better management and budgeting
practices, as in the Tanzania Essential Health In-
terventions Project, TEHIP [29].

These failures point to a broad based “failure of
policy”: the global, national, and institutional poli-
cies needed to effectively address these failures are
lacking. A sound GHIS would fill this need, and
we believe that innovation systems studies can
provide valuable guidance about how to make it
work most effectively.

What We Can Learn from Innovation Systems Studies

Over the last three decades, innovation studies have
taught us much about the essential elements of effec-
tive innovation systems. We highlight four: the role
of the firm, the role of governments, the value of
networks, and the need for adequate and sustained
financing.

1. The role of the firm. Private firms are the key
actors in innovation. While historically some in-
novation, such as the development and produc-
tion of early vaccines, took place through state-
owned or parastatal organizations, they are of
much less importance today [30]. A new technol-
ogy has very little chance to reach the market
without the sponsorship or partnership of a firm.
This insight helps us to understand from another
point of view why public-private partnerships
are necessary. Lall has examined this issue with
respect to developing countries and shows that
firms are also essential there [31].
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2. The role of government and the public sector.
After the fall of the Soviet Union, some argued
that the government should not be involved in
directing or stimulating innovation (this was a
component of the “Washington Consensus”[32]).
A number of economists, however, have demon-
strated that the government is in fact a necessary
and essential partner in innovation. Korea is of-
ten cited as the prime example[33]. We believe
that while the government cannot determine in-
novation, it does have an essential role to play in
setting ground rules and providing funding and
other incentives.

3. The value of networks. Innovation studies show
that the most effective firms and organizations
are those with the most dynamic networks.
Whether in the public or private sector, these or-
ganizations reach out to actors in the key areas in
which they work. They build collaborative part-



nerships or exchange information. Conversely,
organizations operating within limited networks
are less innovative and successful[34].

4. Adequate and sustained financing. Acquiring
innovation capabilities is a long- term process of
10-30 years that requires long-term funding at
high levels. By contrast, the pace of technological
innovation is very rapid[35], imposing extra chal-
lenges to developing countries.

While most innovation studies focus on devel-
oped countries, innovation in developing countries
has also received some attention. One focus has been

on whether or not developing countries can innovate.

Viotti argues that developing countries do not inno-
vate but learn, and he divides them into two catego-
ries: active learning and passive learning[36]. Defin-
ing innovation as the development and commerciali-
zation of truly new technologies, he argues, by that
definition, developing countries are not currently

Promising Developments

As documented by the work of DiMasi[38] and
Towse[39], the resources necessary to develop new
drugs and vaccines are substantial: between $400-
$1,285 million (in year 2000 dollars). As Towse and
Glickman[40] point out, the funds available to cur-
rent PDPs are insufficient to develop a range of new
technologies successfully. Every effort must there-
fore be made to achieve the highest level of cost ef-
fectiveness when allocating resources to develop
new and improved health technologies. But where
can guidance for such efforts be found? The GHIS
would help to meet this need.

Certain types of health innovation systems are al-
ready emerging. For example, PDPs are setting up
global systems to promote the development of new
drugs or vaccines. With both public and private sec-
tor collaborators in developed and developing coun-
tries, they are addressing all of the issues associated
with developing and introducing new technologies.
This includes research and development, market de-
velopment in individual developing countries, inter-
national trade issues, manufacturing issues, intellec-
tual property rights, and regulatory matters[41].

In addition, several developing countries are be-
ginning to build collaboration networks. For exam-

capable of innovation. But it seems that some devel-
oping countries —the IDCs—may be poised to make
truly innovative contributions. India, for example,
has already moved into the first frontier of innovation
in information technology. Nevertheless, the vast
majority of the world’s innovators are in developed
countries. Developing countries must therefore de-
vote a larger proportion of their innovation activities
to learning from others. And given the four major
lessons described above, developing countries should
also work to stimulate innovative firms, provide
long-term sustained funding to develop innovation
capabilities, and promote the establishment of net-
works not only among themselves but also with lead-
ing centers in developed countries[37].

In sum, a GHIS should help to involve firms and
government, create and sustain networks, and mobi-
lize and maintain adequate financing. It must also fa-
cilitate networks with nodes in both developed and
developing countries.

ple, Brazil, China, Cuba, India, Nigeria, Russia,
South Africa, Thailand, and Ukraine have formed a
network to boost production of antiretrovirals and
other health products[13]. These networks must ad-
dress all the issues related to the development and
introduction of new technologies, including the criti-
cal area of intellectual property rights. It is not clear
whether these networks will succeed: they are in
very early stages of development.

Within some developing countries, such as Bra-
zil, India, and South Africa, networks have been cre-
ated to facilitate the development and introduction
of new health technologies that meet their citizen’s
needs. All of these countries strongly emphasize
forming and promoting public private partnerships.
In Brazil, for example, it used to be very difficult to
partner with private companies. Due to the Law on
Innovation enacted in December 2004, a new, ena-
bling environment strongly encourages such part-
nerships [42].

Other efforts to develop focused global health
innovation systems include the Bill and Melinda
Gates foundation’s promotion of an HIV Enterprise,
which will provide a worldwide coordinated strat-
egy to address the need for new HIV vaccines[43],
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and Dr. Gerald Keusch has proposed the formation
of a network to link medical research councils and
universities around the world in concerted strategies
to develop new health technologies[44].

Each of these initiatives (PDPs, developing coun-
try health innovation programs, and international
networks) are either relatively new or have yet to be
fully launched. Unfortunately, there is little if any
cross learning among these various initiatives, and
there is a lot of repetition and duplication. One initia-
tive addressing the need for cross links is the Centre
for the Management of IP in Health R&D in Oxford
England (MIHR). MIHR is attempting to identify and
disseminate best practices for IP management in or-
der to insure access to new health technologies by the
poor in developing countries (www.mihr.org). WHO
is promoting another cross-linking initiative, the
WHO Developing Countries' Vaccine Regulators
Network, created in September 2004. Including Bra-
zil, China, Cuba, India, Indonesia, Russia, South Af-
rica, South Korea, and Thailand, it brings together
national regulatory authorities to prepare standard

A Framework for a GHIS

We propose a framework for the GHIS based

largely on the work of Lall[47]. The Framework

identifies six components of health technology in-

novation[48]:

¢ Development and expansion of national health
delivery systems, including an attractive, domes-
tic, private-sector market for health products;

¢ Development of manufacturing capability for
health products;

¢ The drug and vaccine regulatory system;

e The IP regulatory system;

¢ Development of R&D capability by the public
and private sectors;

¢ Development of international trade systems for
health products, including global procurement
funds.

Because these innovation components are dy-
namically linked, successfully developing and in-
troducing new technologies requires concerted at-
tention to each of the six components [49]. Progress
in one requires progress in all, and failure in one
may impede progress in all. National innovation
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approaches for the review and approval of vaccines
and drugs needed in developing countries[45]. Brazil
and Kenya have proposed to the World Health As-
sembly a treaty concerning health R&D. The pro-
posed treaty would result in the establishment of a
global mechanism for priority setting in health R&D.
It would also set non-enforceable targets based on
GNP for support of health R&D in priority areas for
the poor. The treaty would allow member states to
modify laws and policies concerning intellectual
property in ways that would enhance access by the
poor. Finally, the treaty would establish various op-
erating institutions (possibly within WHO) for the
management of priority setting, oversight of financial
contributions, monitoring of activities under the
treaty, and other matters. This treaty and a resolution
concerning it will be considered at the World Health
Assembly in May 2006. If the resolution is approved,
the treaty might go into effect in 2009 following pre-
paratory work[46]. Representing potentially impor-
tant contributions to the creation of a GHIS, these
valuable efforts should be promoted.

policies and the crafting of global policy interven-
tions and norms must be considered. And to create
strategies for product development and introduc-
tion, we must also attend to the roles of the public
and private sectors in each of the six components.
These roles of the public and private sectors for any
given technology development will necessarily be
inadequate if they are considered independently of
one another. For national policies, moreover, the
relative emphasis given to the components will dif-
fer according to the kind of country: developed,
IDC, or low-income.

The framework can be used to develop not
only strategies for particular technology innova-
tion initiatives but also strategies for national
health innovation. Indeed, the value of such a
framework is readily apparent. When a country
wishes to accelerate progress in science and tech-
nology, its strategy must encompass all six com-
ponents. Likewise, if it wants to develop compre-
hensive financing strategies or capacity building
strategies, it must address all six components. The
ministry of science and technology, for example,



cannot develop a comprehensive innovation strat-
egy on its own. It must work with the ministry of
health, the ministry of industry, and the ministry
of trade.

The Framework applies equally to the operation of
international networks, such as the HIV Enterprise.
Such enterprises will have to address issues with re-
spect to each of the six components, as will PDPs.

Using the Innovation Components to Address the Health Failures

By focusing on the six components of innovation,
effective innovation policies can be developed. But
different actors and different countries have differ-
ent roles to play in accelerating health innovations
and addressing health failures. We have therefore
mapped the six components of health innovation
against the three kinds of health failure (i.e., sci-
ence failures, market failures, and public health
failures). Science failures can be addressed primarily
through considering drug regulation, IP, and re-
search and development issues. Market failures are
primarily addressed by working on the compo-
nents of innovation for domestic markets and in-
ternational markets. Public health failures can also
be addressed by looking at why domestic markets,
which include national health service delivery sys-
tems and the private sector’s delivery of health
services, do not work efficiently. Understanding
how international markets work, such as those for
tobacco (an example where we want to innovate by
reducing the use of the technology and tobacco
consumption), will also move us towards solu-
tions. We argue, however, that addressing science
failures, market failures, and public health failures
requires addressing all six components of innova-
tion.

This health innovation assessment and the identi-
fication of the three areas of health failure lead us to
propose a comprehensive matrix to illustrate how
various countries and institutions within those coun-
tries can contribute to addressing health failures
through innovation. There are roles for industrial-
ized countries, for IDCs, and for the least developing

Developing the GHIS

The new millennium continues to bring major

changes to the world. In health these changes —new
funds, new organizations, and new opportunities to
develop the health technologies needed in develop-

countries. Table 1 provides this matrix and illus-
trates how different agencies and organizations in
both the public and private sectors in different kinds
of countries can be brought together to help address
health failures.

The matrix of Table 1 articulates two dimensions:

(i) The vertical (column) “diagnostics/therapeutics”
axis:

e Diagnostics: Lists the three kinds of failures
(interventions do not exist, interventions ex-
ist but are too expensive, cost-effective inter-
ventions are available but do not reach the
poor)

o Therapeutics: Lists the appropriate type of in-
novation required to cope with each kind of
failure (new products, new processes, new
strategies/policies)

(ii) The horizontal (row) player axis:

e  Players: Displays the three categories of
countries whose national innovation systems
are responsible for the development & im-
plementation of the innovations and inter-
ventions (industrialized, IDCs, Least-
Developed Countries).

The cells of the matrix display examples of health
actions, where each country category intervenes ap-
propriately to cope with each kind of health failure.
For these actions to take place, the countries and insti-
tutions will need to address the four elements of an
effective innovation system: the role of the firm, the
role of the public sector, the value of networks, and
sustained funding.

ing countries—have helped give birth to the Era of
Partnerships for health innovation.

Most of the partnerships, however, have focused
missions and concentrate their activities on develop-
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Table 1: Coping with health failures: An example of a Health Innovation -- Country Category matrix
Health Failures
Science failure Market failure Public Health failure
(knowledge/learning gap) (resources gap) (best practices gap)
Public funding of R&D of Drug procurement mecha- Drug donatlon. programs
. . . (e.g. Merck Mectizan); Donor
interest to developing coun- nisms (e.g. Stop TB Partner-
. . e support to health systems
tries (e.g. NIH genome pro- ship Global Drug Facility, .
. . (e.g. Rotary International &
jects of tropical pathogens) GDF) . . ..
poliomyelitis vaccination)
Industrlapzed Private sector participation at Actions through Global Con-
Countries PDPs; Big Pharma institutes | Differential drug pricing (e.g. | ventions (e.g. Tobacco Con-
dedicated to neglected dis- Novartis' antimalarial Coar- | vention against smoking; UN
eases (e.g. Novartis Institute tem® in endemic countries Framework Convention on
for Tropical Diseases, Singa- | sells as Riamet® in industri- Climate Change to monitor
pore; GSK drug discovery alized countries) impact of climate changes on
unit in Tres Cantos, Spain) insect-borne diseases)
[72]
g Health innovation networks
i (e.g. South/South: WHO De- .. . Pressure from health sector
A . . . Innovative financing systems .. . .
veloping Countries Vaccine .. . and civil society (e.g. Brazil
= (e.g. Provisional Contribution o .
1] Regulators Network; e.g. . . Constitution's "Health is the
= on Financial Movement, or e, ,
S North-South: genom- .. citizen’s right and the State’s
e ics/bioinformatics networks CPME taxation, imposed by obligation and responsibil
£ Innovative . Brazil to buy antiretrovirals) & o P
":“ Developing for the study of tropical ity")
g Countries )
= . 11 N
Z "Bayh-Dole"-like laws to fos- | Negotiating price reductions National Immunization
> .. : Days; cash transfer programs
2 ter academia-industry part- (e.g. Brazil/Abbott deal to .
2 . ; . . . to reduce poverty and ine-
c nerships (e.g. Innovation lower price on antiretroviral .
) . quality (e.g. The Bolsa Fa-
= Law, Brazil) drug Kaletra) o . .
2 milia Project in Brazil)
South-South networking . .
. ; Funding mechanisms (e.g. _ .
with IDCs (e.g. collaboration . Better priority setting (e.g.
) The Global Fund to Fight g )
between Brazil and luso- . The Tanzania Essential
L AIDS, Tuberculosis and Ma- . .
phone Africa in the strength- . . Health Interventions Project,
. . laria; The Global Alliance for
ening of public health Vaccines and Immunization) TEHIP)
Least Devel- schools and R&D institutes)
oped Coun-
tries C .. . Regional production of ge-
Participation at clinical trial . . .
neric drugs; Popular Phar- Innovative approaches in
platforms (e.g. European & R . . .
. . .. macies ("Boticas Populares") relation to educational cam-
Developing Countries Clini- . . .
. . that sell generic and essential paigns, empowerment of
cal Trials Partnership, . L. .
drugs at a reduced price to women, fighting corruption
EDCTP)
poor people

New products, methods

New processes

New strategies or policies

Health Innovations needed
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ing specific interventions or products. Although an
important component of a future GHIS, their com-
partmentalized mandates are no substitute for the
global architecture called for by Professor Bloom.

We believe that a new architecture for health in-
novation is possible, necessary, and urgently re-
quired. It should be based on the lessons provided
by innovation studies, effectively addressing each of
the six innovation components and the three differ-
ent health failures by identifying appropriate roles
for each country and public- or private-sector or-
ganization.

A GHIS does not exist today and so we do not
know what exact form it would assume. But without
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Background

One year has passed since the accession of India
and other middle-income nations into the World
Trade Organization’s (WTO) Agreement on Trade
Related Aspects of Intellectual Property (TRIPS).
Mandating a minimum set of intellectual property
(IP) protections for patented pharmaceutical prod-
ucts, TRIPS has raised questions about how its new
global standards for patent protection will affect
R&D investment, innovation, and product availabil-
ity, especially for developing economies with sig-
nificant innovative capacities in health R&D. To
explore these issues the Indian Council for Medical
Research (ICMR) and the UK-based Centre for
Management of IP in Health R&D (MIHR) con-
vened an international meeting in New Delhi on
“Living with TRIPS: Innovation of New Health
Technologies for the Poor.”

Attention has focused on India because of its es-
tablished strengths in generic drug production, po-
tential cost-advantages as an R&D base for multina-
tional firms, and large prospective market for low-
cost medicines. These factors make India a bell-
wether for gauging the impact of TRIPS on health
product innovation and access. Vigorous debates in
India and elsewhere preceded the implementation of
TRIPS, and it is now possible to begin to pursue
some of the questions raised in that debate. Will
TRIPS lead to monopolies on new drugs where pre-
viously imitation was possible? Will TRIPS encour-
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age foreign investment for the health industry or
create external constraints? Will TRIPS lessen inter-
est by developing country firms in diseases of the
poor, where markets are uncertain, or motivate the
development of innovative drugs against diseases of
poverty? Will the international product development
partnerships (PDPs) that are now generating a pipe-
line of drugs for poverty-related diseases find it eas-
ier to form partnerships with institutions and emerg-
ing suppliers in developing countries?

Conference participants were predominantly
practitioners: research managers, licensing special-
ists, and technology managers from the public sec-
tor, academe, and PDPs. As Dr. Pramilla Senanay-
ake, Chair of the MIHR Board of Trustees, noted
when opening the conference, “We face the collec-
tive challenge under a globalized IP regime of globaliz-
ing efforts to address diseases of poverty, promoting
local innovation for national need, and improving
the transfer of information and access to technology
from the North to the South.”

Early Perspectives: TRIPS in Context
Perhaps the meeting’s most important outcome
was the consensus that conclusively documenting
the benefits or costs of TRIPS for developing coun-
tries may not be possible. Innovation is a dynamic
process influenced by many external variables.
These include the level of government support for

Eiss, R, RT Mahoney and K Satyanarayana. 2006. Living with TRIPS: Innovation of New Health Technologies for the Poor. Innovation
Strategy Today 2(1):13-16. www.biodevelopments.org/innovation/index.htm
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science and technology, government programs to
promote trade, the capabilities of national drug regu-
latory agencies, and government efforts to enhance
competencies in these and other areas. Historical
precedent suggests that strengthening IP will increase
foreign direct investment and flows of technology
transfer, as long as essential preconditions exist.
These include supportive R&D environments, effec-
tive judicial systems to enforce patent law, and viable
domestic and export markets. Professor Sandy Tho-
mas of the Nuffield Council on Bioethics reinforced
the point that IP is just one factor affecting innova-
tion: “when markets are present, innovation and
TRIPS can be potentially complementary because of
the IP incentives TRIPS provides.”

Perhaps the most controversial issue surrounding
TRIPS is its impact on the price and availability of
new medicines. By enforcing product patents, TRIPS
will reduce the availability of generic versions of pat-
ented medicines, thus eliminating a de facto price
control on medicines in developing countries.
Medecins Sans Frontieres noted, for example, the key
role generic competition played in determining prices
for HIV anti-retrovirals in India, Brazil, South Africa,
and other countries.

All agreed that the price effects of implementing
TRIPS should be monitored closely, both in countries
with strong generic industries and in countries rely-
ing on imports of generic substitutes, but participants
also emphasized the need to address underlying
structural impediments to access besides price. These
include the equity and efficiency of health financing
and distribution systems, evidence-based analysis to
improve current practice, and local community in-
volvement. An instructive and oft-cited case example
of delivery failure is the uneven access to medicines
on WHO's list of essential drugs, of which less than
five percent are on-patent.

Apart from the potential effects of patents on
price and availability post-TRIPS, the comparative
therapeutic benefits of new chemical entities over
available generics will also have health implications.
So, in assessing TRIPS over time, the rate of pharma-
ceutical innovation will be a key variable in measur-
ing the health impact of strengthened patent regimes.

A second significant outcome of the meeting was
strong consensus of the need to build skills in IP man-
agement so that TRIPS can be adapted to a nation’s
advantage. Developing countries that choose to in-
vest in science and technology must, of necessity,

14

address IP issues to participate in the international
marketplace. IP competencies will enable them to
gain access to emerging tools, technologies, and re-
sources to develop products. All agreed on the acute
need to establish policies and procedures and train
staff to effectively manage IP. Priorities include train-
ing in contract negotiation, statutory protection, pat-
ent searching and filing, technology valuation and
business strategy development, as well as the devel-
opment and implementation of IP policies and strate-
gies at the institutional level, especially within public
research institutions and universities.

Emerging Strategies to Reach the Poor
While the conference’s central theme related to the
health needs of poor populations, the implications of
TRIPS for developing products to treat diseases of
poverty proved difficult to assess. Technology trans-
fer and innovation in general are strongly viewed as
ways to grow an economy. Yet it is clear that emerg-
ing pharmaceutical industries can not only generate
new knowledge, skilled labor, and markets, but also
address social objectives. Health-related products can
be developed to meet local needs. But will the emerg-
ing pharmaceutical industries in India, China, Brazil,
and elsewhere become a source of new medicines for
diseases that disproportionately affect low- and mid-
dle-income nations? Early evidence suggests that
pharmaceutical firms in India are taking a global fo-
cus, exploiting their strengths to develop or improve
therapeutic drugs for well-characterized medical
conditions that exist in robust global markets. For
example, based on projected sales growth, Ranbaxy
Laboratories aspires to increase its percentage of
revenue from OECD sales from 20% in 2000 to 70% in
2007 (presentation at investors conference in Mum-
bai, September 2004).

Dr. R. N. Mashelkar, Director General of the In-
dian Council for Industrial and Scientific Research,
observed that the public sector remains responsible
for promoting the development of new technologies
to meet local needs. The Government of India is ad-
dressing this task by promoting investment in drug
development through several innovative schemes,
such as increased R&D tax benefits and subsidies to
support industry-university partnerships. The New
Millennium Indian Technology Leadership Initiative,
for example, supports local technology partnerships
between publicly supported R&D institutes and in-
dustrial companies. Among health related activities,
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the program supports the development of new tar-
gets, drug delivery systems, bio-enhancers, and
therapeutics for latent M tuberculosis in efforts to
better manage the high disease burden of tuberculo-
sis in India. Researchers are also working to identify
gene-based drug targets for prevalent cancers in In-
dia. The program may serve as a model for support-
ing local public-private partnerships in other regions,
especially as firms seek academic ties to enhance their
R&D base in drug discovery. Importantly, when the
public sector invests in product development, it can
control the IP to help benefit the poor (e.g., by setting
conditions for how the covered technology is to be
distributed or marketed).

New global IP standards have emerged just as
PDPs are pioneering creative forms of IP management.
PDPs offer a new way to look at IP: as a negotiating
tool for developing quality, affordable therapeutics
and vaccines for diseases of the poor. The conference
featured examples of public interest management of IP
by PDPs working in India. Dr. V. N. Venugopal of the
Medicines for Malaria Venture (MMYV) described tech-

Figure 1:

PDP Input
*$$$
eBackground IP
<Product
requirements
eDisease expertise
eLink to Public
sector institutions

Pharma Input
-|P

*R&D capability
eMarket knowledge
eManufacturing cap.
eRegulatory cap.

nology partnerships to develop an artemisinin-
derived lead compound for malaria. He expressed a
pragmatic, representative view in explaining their
success in terms of collaboration with the private sec-
tor, an achievement made possible by identifying and
managing IP effectively. Indeed, although each PDP
adapts its IP strategies to the respective contributions
of its public-sector and industrial partners, PDPs share
common working tenets. They are constructing deals
that both present private-sector incentives and meet
public-sector social objectives through , negotiated
agreement on territorial markets; pricing structures for
public and private markets; or field of use, among
other areas. Dr. Venugopal illustrated this synergistic
relationship in Figure 1.

TRIPS and Public Health Safeguards

The conference also focused on compulsory licensing
and parallel importation. These public health safe-
guards are provided under the TRIPS agreement and
were reinforced by the DOHA Ministerial Confer-
ence. The timely discussion coincided with the WTO

How the PDPs and Pharma address the needs of the poor
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Council’s decision to permanently adopt a key policy
on compulsory licenses adopted as a waiver in 2003.
As the WTO'’s Ms. Jayashree Watal noted, the waiver
has significantly improved the ability of developing
countries without manufacturing capabilities to im-
port patented drugs from sources other than the
originator company. The waiver will become a formal
part of the agreement after WTO members ratify it.

Production under compulsory licenses presents
several operational challenges. Firms need to secure
adequate know-how from the patent holder in order
to re-create products. The products must also reach
markets that are large enough to enable compulsory
licensees to recoup development and production
costs. While compulsory licenses are potentially bene-
ficial tools, participants noted that there are also other
ways developing countries can help ensure that IP
does not create barriers to access. These include con-
ventional licensing arrangements and,, notably, the
ability of countries to enact laws permitting and regu-
lating the government’s use of patented inventions.
Other avenues include the actions of patent courts to
protect the public interest, the thoughtful manage-
ment of genetic resources and traditional knowledge,
and the judicious framing of competition law and

policy.

In sum, the international IP standards mandated by
the TRIPS agreement allow member nations consider-
able discretion to enact laws and provisions that meet

Dedication

This conference was dedicated to the memory of
Sanjaya Lall, a professor of Development Econom-
ics at Oxford University, who passed away unex-
pectedly last year in June. Professor Lall was one
of the world’s leading commentators on trade,
competitiveness, and globalisation, and his writ-

treaty obligations and support national innovation
policies and development priorities.

Summary Conclusions

The conference raised important considerations for

countries adapting to TRIPS:

e [P is one of several innovation determinants in
health R&D; when assessing impact, IP must be
considered in the context of other competencies;

e Creatively managed, IP under a globalized re-
gime can be used in the public interest to im-
prove access to new medicines and public health
interventions by poor populations;

¢ Countries aspiring to adapt TRIPS to national
advantage must build institutional capabilities
and policies in IP in order to benefit from
emerging technologies and to participate in the
global marketplace;

e TRIPS, importantly, enables countries to estab-
lish national patent policies and practices that
both meet treaty obligations and address na-
tional economic needs and social values.

As an outcome of the conference, ICMR and
MIHR will negotiate a Memorandum of Under-
standing to enhance technology transfer skills in the
Indian public sector and develop partnerships with
technology management offices at research univer-
sities in other countries. This MOU will also help
build professional networks in best practice.

ings on IP and developing countries are acutely
sensitive and penetrating. He was a humble and
warm person who simply had to be admired —
and loved. His powerful intellect, illuminating
insights, and humor made us respect and esteem
him greatly.

16

Eiss, Mahoney and Satyanarayana



® ISSN 1555-631X (print)

* ISSN 1555-6328 (online)

Sharing of Innovation Strategy Today through the internet for non-commercial purposes is encouraged.

© 2006. bioDevelopments—International Institute Inc.
See Terms of Use on back cover for det

Awailable online at www.bioDeveloj

enEL StrategyToday

India, TRIPS and HIV/AIDS:

Exploring the effects of TRIPS compliance on the
availability of Indian antiretrovirals

Justin | Leach

Visiting Fellow, Arizona State University, School of Law, Tempe AZ

Legal Intern, Ingrassia, Fisher, and Lorenz, PC, Scottsdale AZ
jleach@ifllaw.com

Executive Summary

Context: The developing world today is home to
over 38 million of the 40 million people living with
HIV. A frighteningly large number of these people
are unable to obtain the basic antiretrovirals that
they so desperately need. A large majority, more-
over, do not receive the most effective form of HIV
treatment, triple therapy, which is readily available
to people living in the developed world. Of the
numerous obstacles that may block access to an-
tiretrovirals in poor countries, one of the most
daunting is cost. Until recently, a year’s worth of
triple therapy ranged in price from US$10,000 to
15,000 --hardly affordable for a teacher in Uganda
earning less than $2,000 annually or the typical In-
dian household garnering less than $3,000 a year.
Fortunately, this situation has recently changed.
With the introduction of generic drugs in the 1990’s,
the price of HIV and AIDS treatment has dropped
dramatically. Several Indian pharmaceutical com-
panies have emerged as world leaders in the pro-
duction of relatively inexpensive, generic antiretro-
virals. However, the competitive advantage that
permitted these Indian companies to flourish over
the past three decades is presently vanishing.

Prior to 1 January 2005, India did not extend
patent protection to pharmaceutical products. This
allowed Indian pharmaceutical companies to freely
copy and manufacture virtually any drug of their
choosing. On 1 January 2005, however, India offi-
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cially transitioned into an era of extending patent
protection to pharmaceutical products. To effect
this transition, the Indian Patent Office began exam-
ining the first of the more than 9,000 applications
deposited in a repository known as “the Indian
mailbox” over the past ten years by pharmaceutical
companies eager to earn Indian patents on their
drugs. Though the pharmaceutical transition is now
officially underway, it will be sometime before its
true effects are fully appreciated. The vast majority
of the mailbox applications are yet to be examined,
and it is unknown at this time which applications
will lead to patents and, of those that do, what each
will ultimately claim. In the interim, heated debate
has arisen over the potential influence that India’s
pharmaceutical transition may exert on drug prices.
Some fear that the less expensive generic drugs,
including those used to treat HIV and AIDS, will
suddenly skyrocket in price or simply disappear
from the market. In an attempt to better inform this
debate, this paper takes a look at antiretrovirals, the
Indian mailbox, and the surrounding legal frame-
work.

Summary of Findings: To better understand the
applications related to antiretrovirals that are likely
pending examination in the Indian mailbox, a fairly
comprehensive list was compiled of US patents
claiming currently marketed single antiretrovirals
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and fixed antiretroviral combination pills. The pri-
ority date on each of these US patents was estab-
lished via the USPTO to determine whether the un-
derlying application (or an application related
thereto) was eligible for deposit in the Indian mail-
box. In particular, if the priority date of an applica-
tion underlying a surveyed US patent fell between 1
January 1994 (one year before the first day on which
an application may have been deposited in the In-
dian mailbox to account for the one year foreign
filing grace period), and 31 December 2004, it was
concluded that a similar application may have been
deposited in the Indian mailbox.! Since the survey
shows that any application pending in the Indian
mailbox is sister to a successful US application for a
US patent, and further that the requirements for
patentability in India are very similar to those in the
United States, any such application pending in the
mailbox may very well result in an Indian patent.

Of the ninety (90) US patents surveyed, fifty
four (54) had priority dates that permitted their un-
derlying applications to be deposited in the Indian
mailbox; however, the majority of these (44) were
for improvement patents. The vast majority (i.e.,
85%) of the surveyed US patents that claimed the
basic formula of currently marketed antiretrovirals
had underlying applications that excluded them
from possible mailbox deposit. Because India may
not issue patents on these drugs, the pharmaceuti-
cal transition should not have a strong effect on the
price of basic antiretrovirals within India. Conse-
quently, the fears that the transition will cause a
substantial increase in the cost of basic HIV/AIDS
drugs seem largely unfounded.?

Yet all concern should not be extinguished. The
survey also found that the vast majority of the US
patents claiming fixed combination pills (FCPs) do
have priority dates that permitted submission. If
these applications were submitted, and if their issu-
ance as US patents indicates that they will issue as
Indian patents, up to five of the six FCPs currently
marketed could potentially come under Indian pat-
ent protection in the near future. In this event, the
generic manufacturers wishing to continue produc-
tion in India of patented FCPs will be legally re-
quired to obtain licenses. These licenses may be the
product of voluntary negotiations between the ge-
neric manufacturers and the patent holder or may
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instead be compelled by § 11A of the Indian Patent
Act. In either case, generic manufacturers able to
obtain a license will find themselves newly saddled
with royalty payments, the cost of which may be
passed on to the consumer by way of an FCP price
increase. It should be added, however, that numer-
ous internal factors and external pressures influence
the price that drug companies set for their life-
sustaining drugs. It is thus difficult to predict with
any certainty whether a price increase in FCPs will
ultimately materialize. In addition, industry royalty
rates (even those negotiated under adverse condi-
tions) rarely exceed 10% of net profit. Given these
two factors, it seems fairly certain that any FCP
price increase caused by India’s pharmaceutical
transition will be relatively modest.

Conclusions: On a final and broader note, a num-
ber of actions can be taken to help moderate the cost
of medicines patented in India after 2005. For ex-
ample, interest groups may be able to use pre-grant
opposition to help minimize the number of ques-
tionable patents granted and thus deter patent ev-
ergreening. Additionally, after a three-year period,
compulsory licenses may be sought within India to
help exploit the profound anchoring effect of ge-
neric competition on proprietary drug prices. Simi-
larly, developing countries lacking pharmaceutical
manufacturing capabilities may also secure Indian
generics under compulsory licensing schemes. Ge-
neric producers may utilize India’s Bolar provision
to help rush generic drugs to the market post-patent
expiration. Lastly, India’s upper and lower house
may be petitioned to correct the flawed language
that persists in the Indian Patent Act (e.g., the defi-
nition of pharmaceutical substance). It is true that
several of these precautionary measures are rela-
tively new or have yet to be used, but WHO mem-
bers repeatedly assure that these legal mechanisms
were intended to be and should be fully exploited
to help ensure that life-saving medicines do not
become prohibitively expensive for the citizens of
low-income nations. Whether India and other WHO
members will actively bear out these assurances
will only be determined by the passage of time and
the persistent efforts to exploit the precautionary
measures offered by the TRIPS agreement and
adopted into law by member nations.
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HIV, AIDS, and the Developing World

It will probably never be known when the human
immodeficiency virus (HIV) infected its first human
host. Many speculate that the first infection occurred
prior to 1970. But it was not until 1981, after the vi-
rus had spread to at least five continents, that US
health workers first became aware of what we now
know as acquired immunodeficiency syndrome
(AIDS).? As reports slowly emerged, what initially
appeared to be a few isolated cases revealed itself as
an epidemic—one that did not discriminate by sex-
ual preference or nationality. In 1985, just four years
after the first case of AIDS was recognized in the
United States, the director of the World Health Or-
ganization (WHO) estimated that as many as ten
million people might be infected worldwide.*
Twenty years later, that estimate has now quadru-
pled and continues to grow. More than three million
people with AIDS died last year, while five million
more were infected.> However, unlike the infections
and deaths experienced in the 1980’s, these infec-
tions and deaths occurred almost entirely in devel-

Figure 1: Number of people living with HIV (end of 2004)
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oping world, in regions such as Africa and India
(Figure 2).

The Current Impact of HIV on the Devel-
oping World

Of the 40 million people currently living with HIV,
more than 95% reside in the developing world (Fig-
ure 1).¢ It is not surprising that AIDS will soon be the
number one killer in many developing countries.”
Today, Africa is hardest hit by the AIDS epidemic,
particularly the sub-Saharan region, which nearly
65% of adults and children infected with HIV called
home in 2004.% The overall rate of infection among
adults in sub-Saharan Africa is more than seven
times the global average, and in the African region
of Botswana the infection rate has soared to 38.8%.°
As of 2001, an estimated 21.5 million Africans with
AIDS have died.™ This has detrimentally affected
Africa’s social fabric and economy. It is estimated
that African gross domestic product will be capped
by roughly 17% in 2010 due to the influence of
HIvV.1
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Figure 2: Infections vs. Deaths in 2004 (million people)
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A person residing in the developing world with
HIV or AIDS will likely have a very different experi-
ence than someone who resides in the developed-
world. Often, HIV/AIDS patients living in the devel-
oping world are unable to obtain even basic health
care. This is especially troubling for AIDS patients
because almost any infection could prove fatal.
Without treatment, many AIDS patients living in the
developing world become too debilitated to perform
ordinary tasks. Typically, such people cannot work,
although they desperately need money because of
the lack of a social services safety net. If they can
work, they may have difficulty finding employment
due to the intense social stigma that accompanies
their disease. Understanding is usually abhorrently
low in rural areas, and AIDS sufferers may be con-
sidered cursed or unclean. Even people infected with
the virus often do not understand their condition.
They may act upon misconception or superstition.
For example, in Africa, it is not uncommon for a man
infected with HIV to rape and infect young female
children in accordance with the superstitious belief
that AIDS may be cured by having sexual inter-
course with a virgin.

20

The Current Impact of HIV on India

The first documented case of HIV infection in India
occurred in 1986."2 Despite efforts by India’s Na-
tional AIDS Control Organization (NARCO), India’s
HIV population has since grown to be the second
largest in the world.?® At the end of 2003, nearly one
percent of the Indian population—over five million
adults and children—were living with HIV or
AIDS." From a geographic perspective, HIV infec-
tions are fairly concentrated; six of the thirty-five
Indian states account for 80% of the cases.’> From a
demographic perspective, however, the infections
are more evenly distributed. Mainly confined previ-
ously to urban areas and at-risk groups (e.g., sex
workers, IV drug users, and truck drivers), HIV is
quickly spreading into the general Indian popula-
tion. The epidemic is growing progressively younger
too; more than a third of new infections occur in
people under 30 years of age.'® An increasing num-
ber of women are being infected, and consequently
the rate of mother-to-child HIV transmission is esca-
lating.'” In two Indian states, Manipur and Na-
galand, more than one percent of all pregnant
women are now infected.!s
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Sadly, India’s future does not look much
brighter. In its current condition, the health care sys-
tem is ill equipped to adequately treat even a modest
fraction of the infected population: on average there
is only one trained Indian doctor for every 5,000 HIV
patients.” The United Nations Population Division
projects that adult HIV prevalence will escalate in

The Virus, the Disease, and the Drugs

The Virus

The Human Immunodeficiency Virus (HIV) is a ret-
rovirus that attacks the human immune system. As a
retrovirus, HIV utilizes the enzyme reverse tran-
scriptase to transcribe its genetic make-up from RNA
into DNA, which may then integrate into the ge-
nome of a human host cell. After integration has oc-
curred, the virus may utilize a host cell’s reproduc-
tive machinery to generate its own offspring. Each
infected host cell may then produce a small swarm
of daughter viruses that exit the cell, sometimes de-
stroying it, in search of new cells to infect and de-
stroy. When docking with a human host cell, HIV
binds to a particular protein (i.e.,, CD4) that is par-
ticularly abundant on the surface of T4-lymphocites.
T4-lymphocites, or T-helper cells, are a type of white
blood cell that warns the immune system when
pathogens are present in the body. As HIV destroys
an increasing number of T-helper cells, the body’s
immune response is slowly debilitated. Over the
course of several years, HIV causes the immune sys-
tem to enter into a chronically compromised state
generally known as Acquired Immunodeficiency
Syndrome (AIDS), wherein the body is particularly
susceptible to opportunistic infections. 2 AIDS is
described in greater detail in the next section.

The process of reverse transcription (i.e., the pro-
duction of DNA from viral RNA) is prone to error.
While this may seem like a reproductive disadvan-
tage, it is truly a great advantage. The occurrence of
genetic errors during transcription, specifically those
errors occurring in the regions that encode for the
molecular targets of therapy (i.e., HIV protease and
reverse transcriptase enzymes), enables future gen-
erations of HIV to become drug resistant.? As the
Stanford HIV Drug Resistance Database explains:

Because of this high mutation rate, HIV exists within

an individual as a complex mixture of genetically re-
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India to 1.9% by 2019 and that nearly 50 million In-
dians will die from AIDS between 2015 and 2020.20
According to another report produced by the Na-
tional Intelligence Council, India will experience 20
to 25 million AIDS cases by 2010.?! This may make
India the country with the highest number of HIV
infections in the world.?

lated but distinguishable variants often referred to as a
"swarm” or "quasispecies”... When a prescribed anti-
HIV treatment does not succeed in completely sup-
pressing viral replication, the replicating HIV quasis-
pecies is given the opportunity to develop new muta-
tions. During drug therapy, those viruses that carry
or develop mutations that confer drug resistance are
selected for and eventually predominate... The dura-
tion of virus suppression experienced by patients re-
ceiving drug therapy depends on the time it takes for
the virus population within a patient to acquire a suf-
ficient number of drug-resistance mutations to render
the therapy ineffective.?

To decrease the likelihood that drug resistance
will develop, it is important for HIV patients to be
provided with a comprehensive treatment regimen
that they must adhere to strictly. Triple therapy
regimens, in particular, help decrease the occurrence
of drug resistant viral swarms by combining three or
more ARVs that attack multiple elements of the vi-
rus’ reproductive machinery. In this way, triple ther-
apy may repress the replication of viral strains that
have developed drug resistance to some but not all
of the administered ARVs. Triple therapy is dis-
cussed in more detail below.

The Disease

As stated above, as HIV destroys more T4-
lymphocites, the immune system is slowly compro-
mised and eventually enters into a state of failure
generally known as AIDS. Most people do not have
any symptoms when they are first infected with
HIV, though many experience a temporary flu-like
illness within a couple months. After this flu-like
illness passes, most people enter into an asympto-
matic period. It may take up to ten years for full-
blown AIDS to develop, if it develops at all. How-
ever, even before the development of full-blown
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AIDS, a person may experience weight loss, deple-
tion of energy, rashes, flaky skin, and short-term
memory loss. A few experience shingles or develop
herpes infections.

When AIDS does fully develop, the body is par-
ticularly susceptible to opportunistic infections
caused by bacteria, viruses, fungi, parasites, and
other such microbes. It is these opportunistic infec-
tions, not the virus itself, that lead to AIDS related
deaths. If a person with AIDS contracts such an op-
portunistic infection, he or she may experience a
variety of symptoms including shortness of breath,
seizure, diarrhea, fever, vision loss, headache,
weight loss, coma, and death. Fortunately, with the
recent advent of triple therapy described below,
modern treatment programs have been able to suc-
cessfully impede viral replication and decrease the
likelihood of opportunistic infection and thereby
significantly increase the quality and duration of the
lives of AIDS patients.

The Drugs

Drugs that combat the retrovirus HIV and hinder
opportunistic infections are generally referred to as
antiretrovirals (ARVs). ARVs help reduce, or more
accurately suppress, a patient’s viral load by inter-
fering with biological mechanisms that the virus
utilizes to replicate. There are four classes of ARVs,
distinguished by the biological mechanism with
which they interfere. They are: (1) nucleoside reverse
transcriptase inhibitors (NRTIs), (2) non-nucleoside
reverse transcriptase inhibitors (NNRTIs), (3) prote-
ase inhibitors (PIs), and (4) fusion inhibitors (FIs).
Table 1 briefly outlines the four antiretroviral classes
and how each operates to suppress the HIV replica-
tion.

The first of two milestones in HIV/AIDS treat-
ment of occurred in 1987 when the FDA approved
NRTI zidovudine as the first antiretroviral. % Prior to
that time, no drug existed to combat the HIV virus
and few existed that could decrease the likelihood of
opportunistic infections. The second milestone came
eight years later with the approval of the first PI,
Saquinavir. It was at this time that powerful “drug
cocktails” were developed that combined Saquinavir
with two or more other ARVs in a daily treatment
regimen commonly known as Highly Active Antivi-
ral Therapy (HAART) or optimal triple therapy.

22

With the introduction of triple therapy in Europe
and the US, the number of opportunistic infections,
hospitalizations, and deaths dropped dramatically.?
Not only did triple therapy regimens help HIV and
AIDS patients stave off death, they also produced
marked improvement in patients’ quality of life.?”
Some AIDS patients improved so dramatically that
the healing powers of triple therapy regimens were
boldly compared to those demonstrated by Christ
when He reclaimed Lazarus from death. Given these
considerable therapeutic powers, the significant re-
percussions of triple therapy treatment seemed triv-
ial. As one observer explains:
These combination therapies are not perfect: they do
not eradicate the virus, they needed to be taken for life,
and they have serious side—effects. In addition, some
have to be taken according to rigorous schedules
and/or have dietary conditions. However for the vast
majority of people, these medicines reduce or eliminate
opportunistic infections, improve quality of life and
significantly extend life. With access to care including
antiretroviral treatment, HIV can become a chronic
disease like any other, allowing most people to resume
normal activities, including work.3°

As mentioned above, triple therapy treatment is
so effective because it attacks multiple aspects of the
viruses’ reproductive machinery, thereby decreasing
the likelihood that drug resistance will develop. This
is vitally important both for the person receiving the
triple therapy and for its incidental benefit to the
public: the decreased likelihood that drug resistant
HIV strains will develop and spread. It is thus in
everyone’s best interest that people with HIV —
including those that live in developing countries —
receive optimal treatment.

For patients receiving triple therapy, the number
of pills that must be taken can be quite large (usually
around twelve per day and potentially exceeding
thirty per day). This not only increases the burden
on the patient, but also increases the likelihood of
non-adherence with the regimen and therefore the
probability that a drug-resistant HIV strain will de-
velop. Fixed combination pills (FCPs) have helped
ease this burden by combining two or more ARVs
into single dosages that may be taken as few as two
times per day. FCPs may also decrease production
costs, which may consequently decrease the overall
cost of triple therapy treatment. Of the FCPs cur-
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rently marketed, Kaletra® is the only one that con-
tains an antiretroviral that is unavailable individu-
ally (i.e., Lopinavir). As shown on the next page in

Table 2, there are currently five brand name FCPs
available on the US market. Most of these have only
recently been approved by the FDA.

Table 1: Overview of Antiretroviral Classes
Antiretroviral Class Operation Examples
Fusion Inhibitors (FIs) FlIs prevent the entry of the virus into a human cell by Enfuvirtide

inhibiting fusion of HIV with the cell’s membrane.

Non-Nucleoside Reverse
Transcriptase Inhibitors
(NNRTIs)

NNRTIs bind to the enzyme reverse transcriptase and
disable it, preventing the virus from converting its RNA
into DNA.

Delavirdine, Efavirenz, and Nevirap-
ine

Nucleoside Reverse Tran-
scriptase Inhibitors
(NRTIs)

NRTIs interrupt early stages of viral reproduction by
providing HIV with faulty building blocks, which, when
used in lieu of a normal building block, slows the rate of
viral reproduction.

Abacavir, Adefovir, Didanosine, Em-
tricitabine, Lamivudine, Stavudine,
Tenofovir, Zalcitabine, and Zi-
dovudine

Protease Inhibitors (PIs)

PIs interrupt the later stages of virus reproduction. In
particular, PIs disable protease, a protein that HIV uses
for viral building blocks.

Amprenavir, Atazanavir, Fosampre-
navir, Indinavir, Lopinavir, Nelfina-
vir, Ritonavir, Saquinavir, and Tipra-

navir

Table 2: Fixed Combinations with Formula and FDA Approval Date

Fixed Combination (TM) Formula FDA Approval Date
Combivir® Lamivudine + Zidovudine 1997

Epzicom® Abacavir + Zidovudine + Lamivudine 2004

Kaletra® Lopinavir + Ritonavir 2000

Trizivir® Lamivudine + Abacavir 2000

Truvada® Emtricitabine + Tenofovir Disoproxil Fumarate 2004

Source: Approved Medications to Treat HIV Infection.

The Cost of Treating AIDS in the Developing World

For some time now, the World Health Organization
(WHO) has released a list of what it considers to be
essential drugs (i.e., drugs that will satisfy the “mini-
mum medicine needs for a basic health care sys-
tem.”)3! Accordingly to WHO estimates, “currently
one third of the world’s population lacks access to
essential drugs and... over 50 per cent of people in
poor countries in Africa and Asia do not have access
to even the most basic essential drugs.”* Many fac-
tors limit the availability of life-saving medicines,
including ARVs, within developing countries. These
include distributional problems, poor diagnostics,
questionable drug quality, and sub-par research.®
Notwithstanding this, one of the most daunting ob-
stacles to obtaining essential medicines in poor areas
has historically been, and continues to be, the cost of

treatment. Cost is especially significant in develop-
ing countries partly because per capita spending on
health is a fraction of that spent in developed coun-
tries.3 Furthermore, public subsidies for medicine
are lower, and so the burden falls more heavily on
household resources to pay for medical needs. It is
estimated that in low-income countries roughly 50%
to 90% of the cost for treatment falls on the personal
pocket book at the time of illness.®

Cost may pose an especially great obstacle for ob-
taining ARVs, most of which remain protected by
patents in most of the world. Indeed, cost may often
pose an insurmountable barrier for triple therapy
treatment consisting of three or more ARVs con-
sumed daily. It is thus not surprising that only a
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small percentage of people living in developing
countries are being treated with ARVs, and even
fewer are receiving triple therapy.3 In India, for ex-
ample, of the 600,000 AIDS patients in need of triple
therapy treatment, only 30,000, or 2%, are getting it
(see attached Figure 3).% Even when triple therapy
treatment regimens are administered in developing
countries, they are typically NRTI based regimens,
which are less expensive than PI based regimens.
This is unfortunate because studies suggest that
regimens based on Pls are more effective than those
based on NRTIs.

The next two sections briefly explore how patents
and generic competition may affect drug prices. The
final section then briefly presents an emerging
scheme that seeks to regulate the cost of life-saving
drugs at affordable levels: equity pricing.

Figure 3: Antiretroviral therapy needs in Southeast Asia

How Patents Affect Cost

Though many factors may affect the price that a
company sets for a proprietary drug, one of the
most influential factors is market power. In fact,
market power by definition directly correlates to
the degree of control a company may exercise over
the price of its drugs. And an important way that a
company can gain power in the pharmaceutical
market is by patenting a drug. However, it should
be understood that a patent only bestows upon its
holder a legal monopoly: the right to exclude others
from making, using, selling, offering to sell, and
importing the claimed subject matter. A patent does
not promise that the patent holder will make or sell
the claimed subject matter, nor does it usually con-
fer a true economic monopoly. The market power of
a patent is created by the demand for the product it
claims, demand that is counterbalanced by the
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number and closeness of available non-infringing
substitutes. The more alternatives, and the more in-
distinguishable they are from the patented product,
the more competitive the market and the less separa-
tion between marginal revenue and marginal cost.
Accordingly, one would predict that when a proprie-
tary drug is subjected to competition in the form of
less expensive generic alternatives, its price will
gravitate toward that of the generics.? As the next
section below explains, this has indeed proven to be
the case.

The Effect of Generic Competition on
Drug Price

It is has been well documented that the introduction
of generic competition correlates to a drastic reduc-
tion in proprietary drug price. One group noted that
“generic competition is one of the most powerful
tools that policymakers have to lower drug prices in
a sustainable way.”* The price anchoring effect as-
sociated with generic competition has been observed
within the ARV market, specifically with the recent
introduction of generic ARVs produced by firms in
Brazil and India. A recent study performed by the
WHO compared the prices of six ARVs from 1996
through 2000, only four of which were exposed to
generic competition. Of those exposed to generic
competition, three had their prices reduced by over
60% in this five-year period, and the fourth had its
price slashed by over 90%. In contrast, the two ARVs
that were not exposed to generic competition during
this period experienced only relatively moderate
price reductions (i.e., under 20%).4!

Expensive triple therapy regimens have also recently
decreased in price with the introduction of generic
competition. Prior to 2000, a year’s worth of triple
therapy treatment cost roughly $10,000 to 15,000.%
However, in 2000, generic competition was intro-
duced and the price for proprietary triple therapy
regimens soon dropped dramatically. In 2000, the
popular triple therapy regimen combining sta-
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vudine, lamivudine, and nevirapine was offered in
its proprietary form for over $10,000 per annum.
With the introduction of less expensive generic
drugs from Brazil and India, the price of this triple
therapy treatment plummeted by more than 90%.%
Indeed, as can be seen in Figure 4, the proprietary
version of this triple therapy combination experi-
enced multiple price drops that closely shadowed
those of the generic alternative.* The recent antiret-
roviral cost decrease also correlated to a direct in-
crease in the number of HIV/AIDS patients taking
ARVs. Uganda’s Joint Clinical Research Centre, for
example, reported that patient access to ARVs in-
creased threefold during this time period, from 962
in 2000 to 3,000 in 2001.4

A Potential Solution: Equity Pricing
Several groups have advocated different approaches
for lowering essential drug prices and ensuring that
“the price of a drug is fair, equitable and affordable,
even for a poor population and/or the health sys-
tem.” One of the more popular approaches, equity
pricing, employs combinations of various vehicles in
an attempt to accomplish this goal. These include:

1. encouraging companies to engage in differential
pricing;

2. taking advantage of TRIPS precautionary meas-
ures, such as compulsory licensing, parallel im-
portation, and generic acceleration;

3. global bulk buying via a body such as the
United Nations or UNICEF; and

4. stimulating local drug production through vol-
untary licensing and technology transfer.

Though TRIPS precautionary measures will be
discussed below (see Section entitled The TRIPS
Agreement and India), equity pricing and other systems
aimed at maintaining low drug prices are outside the
scope of this paper. For more about equity pricing,
see Pills and Pocketbooks: Equity Pricing of Essential
Medicines in Developing Countries by Ellen ‘t Hoen of
Médecins Sans Frontieres (Doctors without Borders).
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Figure 4: Price effect of generic competition
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India: The Generics Giant

The Indian pharmaceutical industry has grown im-
pressively during the past thirty years largely due to
fertile grounds provided by the Indian Patent Act of
1970. This act did not extend patent protection to
pharmaceuticals products (or foods, insecticides, and
chemicals) despite doing so for the processes used to
make such products. In this environment, Indian
firms became particularly adept at reverse engineer-
ing foreign drugs developed by multinational phar-
maceutical giants. With minimal R&D costs and an
inexpensive labor pool, Indian firms flourished; dur-
ing the past decade, for example, the Indian phar-
maceutical industry has averaged roughly 15%
growth each year.*” By recent estimates (2002 — 2004),
the Indian drug market is now worth over $7.5 bil-
lion.*® Even with TRIPS compliance, many expect the
Indian market to continue growing. The Economist
Intelligence Unit predicts that India’s pharmaceuti-
cal sales, which were roughly $4.6 billion in 2004,
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will grow to $6.9 billion by the end of 2007 and to
$8.3 billion by the end of 2009.#

As India’s pharmaceutical industry expanded, so
too did its exports. Between the fiscal years 1995/96
and 2002/03, Indian pharmaceutical exports grew
over 20% each year.® By recent estimates, India ex-
ports nearly 1/3 of the drugs it produces, which
amounts to over $3.1 billion worth of pharmaceuti-
cals.’! As pharmaceutical imports were recently val-
ued around $645 million, this resulted in a trade sur-
plus of $2.5 billion.* Although there are over 22,000
registered pharmaceutical manufacturers in India
that are diverse in size and capacity, the lion’s share
of the market (roughly 70%) is controlled by India’s
top twenty companies.® Many of these derive more
than half of their total revenue from international
sales.5 India’s top pharmaceutical firm, Ranbaxy
Laboratories, derived 78% of its $1.18 billion of net
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sales from exports in 2004.5 Similarly, India’s sec-
ond largest firm, Dr. Reddy’s Laboratories, derived
64% of its $444 million of net sales from exports in
the 2003/04 fiscal year.%

One of India’s main exports is generic drugs.”” In
fact, India is now among the world leaders in ge-
neric distribution, and Ranbaxy Laboratories is one
of the world’s largest generic manufacturers.® In

The Indian Mailbox

Although the Indian mailbox was opened at the be-
ginning of 2005 and the majority of the applications
contained therein have been purportedly published
(those claiming priority on or before July 30, 2003), it
remains excessively difficult to look inside the mail-
box. The pending mailbox applications have yet to
be loaded onto a digital database, and so they are
still not electronically searchable. For now, any
search of the Indian mailbox must necessarily be a
physical search. To pursue such a search would re-
quire hiring an Indian patent firm to dispatch an
agent to the Indian patent office that houses the
mailbox applications. That agent would then have to
read through a large group of applications and de-
termine if any claim the subject matter of interest. As
might be imagined, this is time consuming and ex-
pensive. ¢ Fortunately, this situation will change in
the next few years: the Indian patent office is report-
edly in the process of loading information from these
patent applications into an electronic database. Ad-
ditionally, the examination of mailbox applications is
now underway; the large number of pending appli-
cations should slowly dwindle and a smaller num-
ber of patents should emerge. In the interim, how-
ever, some insight may be gained by conducting a
survey of US patents pertaining to currently mar-
keted antiretrovirals in order to determine which, if
any, have underlying applications that were eligible
for deposit in the Indian mailbox.

Opening the Mailbox

Although the Indian mailbox was opened this Janu-
ary, it will be sometime before the true effects of
pharmaceutical transition are known. The vast ma-
jority of the applications are yet to be examined, and
it is unclear which applications will lead to patents
and the breadth of subject matter that each will ulti-
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view of India’s substantial generic output, it is un-
derstandable that many countries and groups have
come to rely on generic Indian ARVs as “a lifeline of
medicines for poor countries.”* For example,
Meédecins Sans Frontieres (Doctors without Borders),
which has treatment facilities in a large variety of
developing areas throughout the world, estimates
that 70% of its 25,000 AIDS patients are currently
taking Indian generics.

mately claim. To gain a better understanding of the

applications that may be pending in the Indian mail-

box and that may lead to patents concerning antiret-

rovirals, a survey was conducted to determine which

US patents claimed for antiretrovirals have underly-

ing applications eligible for deposit in the Indian

mailbox. This survey was performed in the follow-

ing steps:

1. The antiretrovirals and fixed combination pills
currently marketed were identified;

2. A fairly comprehensive list of US patents under-
lying each of these drugs was compiled;

3. The priority date for each of the underlying US
patents was determined via the USPTO; and

4. The priority date of each of these patents was
compared to the mailbox window to determine
eligibility for mailbox deposit.

The results of the survey are summarized in Fig-
ures 5 and 6 and Tables A to E in the Appendix.
Fifty-four (54) of the ninety (90) US patents consid-
ered had priority dates that allowed their underlying
applications to be deposited in the Indian mailbox.
However, the majority of these (44) were for im-
provement patents. The vast majority (85%) of the
US patents that claimed the basic formula of the
marketed antiretrovirals had underlying applica-
tions that excluded them from possible mailbox de-
posit. This includes twelve of the thirteen ARVs la-
beled by the WHO as essential, as well as the three
ARVs that form the popular triple therapy regimen
discussed above (i.e., stavudine, lamivudine, and
nevirapine). Patents cannot be retroactively issued
on these drugs, so generic manufacturers will re-
main free to continue producing their generic ver-
sions of these ARVs. In view of this, the Indian tran-
sition to protecting pharmaceutical products should
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not strongly affect the price of basic antiretrovirals.
Even if a small group of patents does issue claiming
a minority of basic ARV formulae, this should not
substantially increase the ARV price: many suitable
generic alternatives to these newly patented drugs
will remain unpatented and in the public domain,
thus preserving the competitiveness of the basic
ARV market.

Fixed combination pills are, however, another mat-
ter. At least five out of the six combination pills
(FCPs) are subject to patents having underlying ap-
plications with priority dates that permitted mailbox
deposit. For this reason, a large majority of the FCPs
currently produced could potentially come under
Indian patent protection in the near future. This in-
cludes the popular Combivir® and Kaletra,® the
only fixed combination pill labeled as a WHO essen-
tial drug.®* If one or more FCP patents do in fact is-
sue from the mailbox, the non-patent holding manu-
facturers will be legally required to obtain a license
to continue production of generic FCPs within India.
These licenses may be voluntarily granted by the

The TRIPS Agreement and India

As permitted by the TRIPS agreement, India has in-
corporated several precautionary measures into its
patent act to prevent life-saving drugs from becom-
ing prohibitively expensive. These include a generic
grandfather clause, a general compulsory licensing
provision, pre-grant opposition procedures, and a
generic acceleration provision (i.e., a Bolar provi-
sion). These precautionary measures are each dis-
cussed below and briefly review some of the mini-
mum intellectual property standards required by
India’s adoption of TRIPS.

TRIPS Minima & India’s Compliance
Under the authority of the World Trade Organiza-
tion (WTO), the Agreement on Trade-Related As-
pects of Intellectual Property Rights (TRIPS) was
established as the most comprehensive IP treaty to
date. Among other things, TRIPS provided an effec-
tive dispute resolution forum, required members to
enforce protective measures both criminal and civil,
and established a substantive set of minimum stan-
dards regarding the scope and use of intellectual
property.® By establishing these minima (some of
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patent holder to one or more generic producers by
way of negotiations. Alternatively, one or more non-
exclusive licenses may be compelled under § 11A of
the Indian Patent Act, discussed below. In either
case, those generic producers able to obtain licenses
will face royalty payments. These royalty payments
will likely tend to be greater if the licensing agree-
ment is negotiated rather than compelled: an FCP
patent holder will be in a superior bargaining posi-
tion relative to a generic manufacturer who has al-
ready invested in tooling up, developing distribu-
tional channels, and the like. Such a patent holder
may well be able to demand a royalty rate greater
than the “reasonable royalty” rate promised by §
11A of the Indian Patent Act. Regardless of the li-
censing scheme employed, the fundamental result
will be increased production costs for generic manu-
facturers producing FCPs. This could potentially
cause a modest price increase at the consumer level.
However, given the numerous factors and external
pressures that influence drug prices, it is difficult to
predict with much certainty whether FCP prices will
even modestly increase.

which are included in Table 3), TRIPS endeavors to
harmonize the IP laws of its members in order to
promote cooperative relations and facilitate trade.

Through three amendments to the Indian Patent
Act of 1970, including the recent passage of the 2005
Amendment, India has come into full compliance
with TRIPS, at least ostensibly. India now provides
twenty years worth of patent protection to inven-
tions in all fields of technology, including products
in the pharmaceutical field, providing that the tech-
nology is 1) novel, 2) the product of an inventive
step, and 3) capable of industrial application. % The
Indian Patent Act, as amended, further confers pat-
ent rights in accordance with TRIPS Article 28. It
allows for compulsory licenses to be granted in cer-
tain sets of circumstances discussed in more detail
below.

TRIPS Precautionary Measures & Doha
The TRIPS agreement permits the adoption of sev-
eral legal precautionary measures designed to deter
important drugs from becoming excessively costly

29



(some of these safeguards are highlighted in Table
4). To further emphasize that these precautionary
measures are intended to be used freely to protect
public health, WTO members involved in the Doha
Ministerial Conference of November, 2001, issued a
declaration stressing that TRIPS should be inter-
preted “to support public health — by promoting
both access to existing medicines and the creation of
new medicines.” ¥ The following sections briefly
discuss some of the precautionary measures permit-
ted by TRIPS and adopted through Indian legisla-

tion.

India’s Adoption of TRIPS Precautionary
Measures

Grandfather License for Certain Generic Producers
Perhaps the Indian legislation’s most generous con-
cession for generic producers is in the 2005 Amend-
ment to the Indian Patent Act. This Amendment
changed Section 11A to bestow compulsory licenses
upon generic producers that have “made significant
investment and were producing and marketing [a
generic drug for which an India mailbox patent is-

Table 3: Highlighted TRIPS Minima

sues] prior to 1 January 2005,” providing that the
generic producers pay the patent holder a reasonable
royalty.® Exactly how this amendment to Section 11
will play out is unclear. But generic producers that
fall within the scope of this language should be able
to breathe a slight sigh of relief: prior to this
amendment, those producers that had invested in
generic production means and established trade re-
lations would have been in a fairly weak bargaining
position when negotiating licensing agreements to
permit continued production. Still, despite its rela-
tive newness, this amendment has already garnered
criticism that asserts that the phrases “reasonable
royalty” and “significant investment” are unclear
and will therefore lead to excessive litigation (or at
least threats thereof) that smaller firms can ill afford.
These critics press for more definite guidelines and
suggest that, in lieu of determining a reasonable roy-
alty on a case-by-case basis, a fixed royalty rate
should be set (e.g., 4%).% These critics should note,
however, that the phrase “reasonable royalty” was
borrowed directly from the TRIPS compulsory

TRIPS Concerning Brief Summary

Article

27 Patentable Sub- With limited exceptions (e.g., to protect public order), patents shall be available in all fields of

ject Matter technology provided that they are (1) new, (2) involve an inventive step, and (3) are capable of

industrial application.

28 Rights Conferred | For a product, the patent must bestow the holder to prevent unauthorized making, using,
offering for sale, selling, and importing. Note that these are the same rights granted under the
US Patent Act (§ 271).

33 Patent Life Term must be at least 20 years from the filing date.

Table 4: Highlighted TRIPS Precautionary Measures

TRIPS Concerning Brief Summary
Article(s)
30 Generic Accelera- | Generic drug manufacturers may obtain marketing approval for a patented drug without
tion the patent holder’s permission and before the drug is off patent.
(i.e., Bolar Provi-
sion)
6 Exhaustion and A product that is sold with the patent owner’s consent in one country may be imported into
Parallel Imports another country freely.
30 & 31 Compulsory Li- If a number of conditions are met, someone may practice the patent without the holder’s
cense consent in a limited number of events, including a national emergency. The compulsory
license must be non-exclusive and non-assignable, and the licensee must pay the patent
holder adequate remuneration.
8 & 40 Anti-Competitive | Governments may act to prevent patent holders from abusing monopoly rights (e.g., unrea-
Practice sonably restraining trade).
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license provision. Moreover, courts routinely deter-
mine what should constitute a reasonable royalty in
a variety of situations (e.g., when determining dam-
age awards in cases where lost profits cannot be
shown or no competition existed between the patent
holder and the infringer). The concept of “significant
investment,” on the other hand, will likely prove
more difficult to apply. If “significant investment” is
determined independently of firm size (i.e., by sheer
dollar amount), smaller generic producers will be
unfairly disadvantaged; however, if “significant in-
vestment” considers firm size (e.g., by comparing
the amount of investment to total firm assets), larger
generic producers may be unfairly disadvantaged.

Compulsory License

Articles 30 and 31 of TRIPS offer WTO members the
ability to grant compulsory licenses in certain cir-
cumstances (e.g., in the event of a national emer-
gency). Such compulsory licenses are required to be
non-exclusive and non-assignable, and the recipient
of such a license must pay the patent holder ade-
quate remuneration. The Indian version of the com-
pulsory license is set-forth in § 84 of the Indian Pat-
ent Act. This provision allows the government to
grant a compulsory license if “the reasonable re-
quirements of the public” are not being met or if
“the patented invention is not available to the public
at a reasonable price.” However, § 84 also states that
a compulsory license can only be granted three years
after patent issuance unless a national emergency is
declared. Considering that such a declaration has not
been made in the history of the Indian Patent Act, it
is unlikely that a national emergency will be de-
clared if prices increase for basic ARVs or (even
more unlikely) for fixed combination pills. The ab-
sence of such a declaration means that any compul-
sory license granted under § 84 will come, at the
soonest, three years after the patent grant. Thus, § 84
will almost certainly not prove helpful in addressing
price issues related to mailbox patents in the near
future.

A quick note should be made here of the rela-
tively recent developments concerning the compul-
sory license provision of TRIPS. Currently, TRIPS
Article 31(f) states that “products made under a
compulsory licensing scheme must be predomi-
nantly for the supply of the domestic market.” The
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apparent restrictiveness of this language caused con-
cern among WTO members who lack sufficient do-
mestic production facilities to take advantage of the
compulsory license provision. Reacting to these con-
cerns, the WTO General Council issued a decision in
August of 2003 that allowed “the obligations of an
exporting member [under Article 31 to] be waived”
if the importing member is a least developed coun-
try (lack of manufacturing capabilities is presumed)
or confirms that “it has insufficient or no manufac-
turing capacities in the pharmaceutical sector for the
product(s) in question.”” To help allay fears that this
waiver might be abused, the 2003 Decision limits
Article 31 in several ways: by ensuring that the
quantity of drugs produced is equivalent to the
quantity needed and is entirely exported (see §
2(b)(i)), by establishing labeling standards and
online publication requirements (see §§ 2(b)(ii) and
(iii)), and by requiring adequate remuneration in
view of the economic value fo the importing member
(see § 3). Furthermore, the Decision takes steps to
deter the creation of gray markets: Sections 4 and 5
require members to take “reasonable measures” to
discourage the re-exportation of imported drugs
after they have been delivered to an importing
member, unless the re-exported drugs are distrib-
uted to a qualified member country (i.e., a member
that shares the health problem in question and is
party to a regional trade agreement in accordance
with § 6 of the Decision). The waiver will remain in
effect until TRIPS Article 31 is officially amended in
accordance with the 2003 Decision.

To take advantage of the flexibility that the 2003
Decision imparted to TRIPS Article 31, the Indian
Patent Act was recently amended to add the follow-
ing text:

Compulsory licence shall be available for manufacture

and export of patented pharmaceutical products to any

country having insufficient or no manufacturing ca-
pacity in the pharmaceutical sector for the concerned
product to address public health problems, provided
compulsory licence has been granted by such country
or such country has, by notification or otherwise, al-
lowed importation of the patented pharmaceutical
products from India.”

This amendment to the Indian Patent Act will
undoubtedly be welcomed by India’s generic manu-
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facturers and underdeveloped nations alike. Generic
manufacturers will appreciate the amendment’s po-
tential to bolster the ultra-valuable generic export
market during this transitional period, and under-
developed nations will appreciate the amendment’s
attempt to protect the lifeline of relatively inexpen-
sive Indian generics that their citizens living with
HIV/AIDS have come to rely upon.

Pre-Grant Opposition

In a pre-grant opposition, a published application
may be contested by an outside party that brings
prior art to an examiner’s attention in an attempt to
negate one or more patentability requirement (e.g.,
novelty, inventive step, etc.). Until recently, the In-
dian Patent Act allowed pre-grant oppositions only
at the discretion of the Indian Controller. The 2005
Amendment changed Sections 25 and 26, however,
so that pre-grant opposition may be exercised at the
discretion of “any person.” Interest groups or a con-
cerned government agency might use this power to
help deter patent evergreening However, the current
difficulty in searching and viewing the mailbox ren-
ders the pre-grant opposition virtually meaningless
for pending mailbox applications.

Generic Acceleration (i.e., Bolar Provisions)
Provisions based on TRIPS Article 30, commonly
known as Bolar provisions, allow generic drug
manufacturers to practice making a patented drug
before patent expiration in an effort to gain govern-
mental approval. The goal of such provision is to
help speed generic drugs to market after patent ex-
piration. The Indian government has provided for
such generic acceleration; however, the Indian Bolar
Provision will not apply to any patents issuing from
the Indian mailbox for at least ten years (when the
first of the patents issuing from mailbox applications
expire) and thus in this context is of little help.

India’s Attempt to Limit Patentable
Pharmaceutical Inventions and Patent
Evergreening

Though not precautionary measures per se, it is ap-
propriate to discuss here some changes made by the
2005 Amendment to India’s Patent Act that are in-
tended to limit the scope of patentable pharmaceuti-
cal inventions. The 2005 Amendment attempts to
limit the pharmaceuticals patentable under Indian
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law in two ways: 1) by changing the definition of the
term “pharmaceutical substance," and 2) by broad-
ening the scope of Section 3(d), which describes cer-
tain subject matter excluded from patentability. Af-
ter the first of these changes, pharmaceutical sub-
stances are now defined as “any new entity involv-
ing one or more inventive step.” As one might imag-
ine, this definition is receiving an onslaught of criti-
cism for being overly broad. The criticism is well
justified. The only substantive components of the
definition are redundant of two of the requirements
for patentability: the requisites for novelty and an
inventive step. If these two parts are removed, the
definition reads an inconsequential “any... entity.”

Section 3(d) of the Indian Patent Act describes
subject matter that may not be patented. The 2005
Amendment changed the wording of Section 3(d) so
that the following subject matter is not patentable:

The mere discovery of a... known substance which

does not result in the enhancement of the known effi-

cacy of that substance or the mere discovery of any
new property or new use for a known substance or of
the mere use of a known process, machine or appara-
tus unless such known process results in a new prod-
uct or employs at least one new reactant.”

Only time will reveal if the language in Section
3(d) truly narrows the field of patentability —
despite its excessive use of the qualifier “mere.”
However, it is interesting to note that the intent of
the amendment—to distinguish more incidental
advances from true pharmaceutical inventions that
generally would not be developed and disclosed
but for the inducement of a patent—indicates a con-
cern, expressed by many throughout the world, that
pharmaceutical companies may push questionable
improvement patents through overworked gov-
ernmental patent offices in an attempt to unfairly
extend the duration of their drug monopolies.” An
in-depth discussion of whether patent evergreen-
ing, as it is commonly called, is an effective tool
utilized by pharmaceutical conglomerates is a sepa-
rate and extensive topic that cannot be discussed
here. It is, however, appropriate to mention that the
results of the survey described above in Section 6
did implicate patent evergreening in at least two
ways. First, as may be recalled, over two-thirds of
the ARV patents surveyed pertained to improve-
ments on existing ARVs, not on basic ARV formu-

Leach



lae. It appears that, at least in the area of AIDS/HIV
drugs, the bulk of intellectual property relates more
to variations and refinements than to foundational
medicines. Secondly, at least five out of the six cur-
rently marketed fixed combination pills are under
patent protection in the US and all of the US patents
had underlying applications permitting mailbox
submission. Some critics feel that this is a form of
patent evergreening. They argue that combining

Conclusions

In view of the above, it is extremely unlikely that
India’s transition into an era of patented pharmaceu-
tical products will substantially affect the price of
basic antiretrovirals. However, it is quite possible
that several fixed combination pills that are currently
produced and marketed by generic firms in India
will soon come under Indian patent protection. In
this event, non-patent holding manufacturers will be
legally required to obtain licenses to continue pro-
ducing the generic versions of these pills in India,
which could potentially translate into a modest price
increase in fixed combination pill prices. Concerned
parties should stay aware of the issuance of any pat-
ents from mailbox applications claiming fixed com-
bination pills and any subsequent license agree-
ments. The brunt of efforts, however, is probably
better spent addressing other areas (e.g., distribution
systems) that will likely have a greater effect on the
cost and availability of HIV/AIDS treatment in India
and elsewhere.

On a final and broader note, a number of actions
can be taken to help moderate the cost of medicines
patented in India after 2005. For example, interest
groups may be able to use pre-grant opposition to
help minimize the number of questionable patents
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Appendix

For the sources of all tables, please refer to endnote 64.

Table A: Non-Nucleoside Reverse Transcriptase Inhibitors
Generic Name Main Trade A WHO Essential Patents Issued (all | Priority Date Eligible for De-
Name Drug? US utility) posit?
Delavirdine Rescriptor® No 5,563,142 2/22/1994 YES
6,177,101 6/7/1999 YES
Efavirenz Sustiva® and Yes Unknown* 8/7/1992 No
Stocrin® 5,519,021 6/2/1995 YES
5,663,169 6/2/1995 YES
5,811,423 3/12/1997 YES
6,238,695 4/6/1999 YES
6,555,133 4/2/2001 YES
6,639,071 10/19/2001 YES
Nevirapine Viramune® Yes Unknown* 11/17/1989 No
5,366,972 7/13/1993 No
Table B: Fusion Inhibitors
Generic Name Main Trade A WHO Essential Patents Issued (all | Priority Date Eligible for De-
Name Drug? US utility) posit?
Enfurvirtide Fuzeon® No 5,464,933 6/7/1993 No
6,133,418 11/6/1995 YES
6,475,491 6/6/1998 YES
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Table C:

Protease Inhibitors

Generic Name Main Trade A WHO Essential Patents Issued Priority Date Eligible for De-
Name Drug? (all US utility) posit?
Amprenavir Agenerase® No 5,585,397 9/7/1993 No
5,646,180 12/5/1995 YES
5,723,490 4/19/1995 YES
6,730,679 3/20/1997 YES
Atazanavir Reyataz® No 5,849,911 4/22/1996 (CH) YES
6,087,383 12/21/1998 YES
Fosamprenavir Lexiva® No 6,436,989 12/24/1997 YES
6,514,953 7/18/1998 (GB) YES
Indinavir Crixivan® Yes Unknown* 11/8/1991 No
5,413,999 5/7/1993 No
6,645,961 3/4/1998 YES
6,689,761 2/1/1995 YES
Lopinavir N/A Yes N/A N/A N/A
Nelfinavir Viracept® Yes Unknown* 10/7/1993 No
5,484,926 2/2/1994 YES
5,952,343 6/7/1995 YES
6,162,812 4/1/1999 YES
Ritonavir Norvir® Yes Unknown* 12/29/1992 No
5,541,206 4/25/1995 YES
5,484,801 5/12/1995 YES
5,635,523 4/6/1995 YES
5,648,497 3/24/1995 YES
5,674,882 3/29/1995 YES
5,846,987 3/20/1997 YES
5,886,036 3/20/1997 YES
5,948,436 3/13/1995 YES
6,037,157 6/26/1996 YES
6,232,333 11/7/1997 YES
6,703,403 11/20/2001 YES
Saquinavir Fortovase ® and | Yes 5,196,438 12/11/1989 (GB) No
Invirase® 6,008,228 5/7/1996 YES
6,352,717 11/17/1998 (EP) YES
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Table D:

Nucleoside Reverse Transcriptase Inhibitors

Generic Name Main Trade A WHO Essential | Patents Issued Priority Date Eligible for De-
Name Drug? (all US utility) posit?
Abacavir Ziagen® Yes 5,034,394 12/22/1989 No
5,089,500 6/27/1988 (GB) No
6,294,540 5/17/1997 (GB) YES
Adefovir Preveon® and No 4,724,233 4/25/1985 (CS) No
Hepsera® 4,808,716 4/25/1985 (CS) No
5,663,159 10/11/1994 YES
6,451,340 9/10/2001 YES
6,635,278 12/15/1998 YES
Didanosine Videx® Yes Unknown * 5/15/1985 No
4,861,759 8/11/1987 No
5,254,539 2/28/1991 No
5,616,566 4/30/1993 No
5,880,106 10/2/1997 YES
Emtricitabine Emtriva® No 5,210,085 2/22/1991 No
5,814,639 2/16/1993 No
5,914,331 6/7/1995 YES
6,642,245 6/7/1995 YES
6,703,396 3/6/1991 (GB) No
Lamivudine Epivir® Yes 5,047,407 2/8/1989 No
5,532,246 1/3/1991 No
5,905,082 6/3/1991 (GB) No
6,004,968 3/26/1997 (GB) YES
6,180,639 5/2/1990 (GB) No
Stavudine Zerit® Yes 4,978,655 12/17/1986 No
Tenofovir Viread® No 4,808,716 4/25/1985 (CS) No
5,922,695 7/25/1997 YES
5,935,946 7/25/1997 YES
5,977,089 11/6/1998 YES
6,043,230 5/19/1999 YES
6,057,305 8/5/1992 No
Zalcitabine Hivid® No Unknown* 8/26/1985 No
4,879,277 8/11/1987 No
5,028,595 8/21/1989 No
Zidovudine Retrovir® Yes 4,724,232 3/16/1985 (GB) No
4,818,538 3/16/1985 (GB) No
4,828,838 3/16/1985 (GB) No
4,833,130 3/16/1985 (GB) No
4,837,208 3/16/1985 (GB) No
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Table E:

Fixed Combinations

Trade Name Formula A WHO Es- Relating To: Patents Issued | Priority Date Eligible for
sential Drug? (all US utility) Deposit?
Combivir® Lamivudine + No Zidovudine 4,724,232 3/16/1985 (GB) No
Zidovudine 4,818,538 3/16/1985 (GB) No
4,828,838 3/16/1985 (GB) No
4,833,130 3/16/1985 (GB) No
4,837,208 3/16/1985 (GB) No
Lamivudine 5,047,407 2/8/1989 No
5,905,082 6/3/1991 (GB) No
6,180,639 5/2/1990 (GB) No
Combination 5,859,021 5/16/1991 No
6,113,920 10/31/1996 YES
Epzicom® Lamivudine + No Abacavir 5,034,394 6/27/1988 (GB) No
Abacavir 5,089,500 6/27/1988 (GB) No
6,294,540 5/17/1997 (GB) YES
Lamivudine 5,047,407 2/8/1989 No
5,905,082 6/3/1991 (GB) No
6,180,639 5/2/1990 (GB) No
Combination 6,417,191 3/30/1995 (GB) YES
Kaletra® Lopinavir + Yes Ritonavir 5,541,206 4/25/1995 YES
Ritonavir 5,635,523 4/6/1995 YES
5,648,497 3/24/1995 YES
5,674,882 3/29/1995 YES
5,846,987 3/20/1997 YES
5,886,036 3/20/1997 YES
6,037,157 6/26/1996 YES
6,232,333 11/7/1997 YES
6,703,403 11/20/2001 YES
Combination 5,914,332 11/26/1996 YES
6,284,767 12/8/1998 YES
6,458,818 7/2/1999 YES
6,521,651 11/10/1999 YES
Trizivir® Abacavir + No Zidovudine 4,724,232 3/16/1985 (GB) No
Zidovudine + 4,818,538 3/16/1985 (GB) No
Lamivudine 4,828,838 3/16/1985 (GB) No
4,833,130 3/16/1985 (GB) No
4,837,208 3/16/1985 (GB) No
Abacavir 5,034,394 6/27/1988 No
5,089,500 6/27/1988 (GB) No
6,294,540 5/17/1997 (GB) YES
Lamivudine 5,047,407 2/8/1989 No
5,905,082 6/3/1991 (GB) No
6,180,639 5/2/1990 (GB) No
Combination 6,417,191 3/30/1995 YES
Truvada® Emtricitabine + | No Emtricitabine 5,210,085 2/22/1991 No
Tenofovir 5,814,639 2/16/1993 No
Disoproxil 5,914,331 6/7/1995 YES
Fumarate 6,642,245 6/7/1995 YES
6,703,396 3/6/1991 (GB) No
Tenofovir 5,922,695 7/25/1997 YES
5,935,946 7/25/1997 YES
5,977,089 11/6/1998 YES
6,043,230 5/19/1999 YES
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Notes (all web pages have last been accessed on 19 March 2006)

Indeed, considering the generally small prosecution cost in relation to
the large potential profit margin associated with ARV, it is arguably
likely that such applications have been filed in the Indian mailbox.

Other forces, however, may contribute to an increase in the price of
basic ARVs, including the removal of Indian governmental price con-
trol.

AVERT, The History of AIDS.
Id.

800,000 of the infected were children. Pierre Chirac, Increasing the Access
to Antiretroviral Drugs to Moderate the Impact of AIDS: an Exploration of
Alternative Options; Chapter 14 of overall UNICEF study AIDS, Public
Policy and Child Well-Being; June 2002; at 3.

Boulet et al., Patent Situation of HIV/AIDS-Related Drugs in 80 Countries,
UNAIDS, January 2000, at 2.

Pierre Chirac, at 3.

World Health Organization, Regional Office for South-East Asia,
HIV/AIDS Fact and Figures.

Copson, AIDS in Africa, CRS Issue Brief for Congress, May 2003, at 3.
Id.

Raquel Pontes de Campos, Dispute over generic AIDS drugs pits the
world’s haves against have-nots, Seattle Times Article, June 2001, at 2.
AVERT, The History of AIDS.

UNICEF, UNAIDS and WHO, India: Epidemiological Fact Sheet on
HIV/AIDS and other Sexually Transmitted Disease, 2004, at 2.

Id.

Id.

AVERT, The History of AIDS.

Id.

India: Epidemiological Fact Sheet on HIV/AIDS and other Sexually
Transmitted Disease, UNICEF, UNAIDS and WHO, 2004, at 2.

India may become highest HIV infected nation by 2006, The Economic
Times, July 2004, at 1.

AVERT, The History of AIDS.

Id.

Id.

The CDC definition of AIDS encompasses all HIV-infected people who
have fewer than 200 CD4+ T cells per cubic millimeter of blood. As a

comparison, healthy adults usually have CD4+ T-cell counts exceeding
1,000. National Institute of Health, HIV Infection and AIDS: An Overview.

According to the Stanford HIV Drug Resistance Database, “nearly one
viral mutation occurs during each cycle of replication.” Stanford HIV
Drug Resistance Database, The Biology of HIV Drug Resistance.

Id.

Id.

For completeness—The first NNRTI and the first PI was FDA approved
in 1996 and 1995, respectively. The first and only FI to gain FDA ap-
proval to date, tenofovir, did so in 2001.

In fact, AIDS-related mortality in Europe and the US dropped by more
than 70% with the introduction of triple therapy. Pierre Chirac, at 4.
Gossel, AIDS: A Primer for Pharmacists on Therapeutic Control and Patient
Counseling, August 2003.

Pierre Chirac, at 4.

The list’s 13th and most recent version published in 2003 contains 316
individual medicines, including 12 antiretrovirals from three of the four
classes.

World Health Organization, Review of Patent Legislation of India,
Indonesia, Sri Lanka and Thailand, September 2004, at 1

Médecins Sans Frontieres (Doctors without Borders), Will the lifeline of
affordable medicines for poor countries be cut?, February 2005, at 2.
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World Health Organization, The World Medicines Situation, 2004, at 2.
World Health Organization, What are Essential Medicines?

Pierre Chirac, at 5.

World Health Organization, Regional Office for South-East Asia,
HIVIAIDS Fact and Figures.

See Carter, Meta-analysis finds PI-based HAART better than NNRTI
regimens in NRTI experienced, January 2004; see also Yazdanpanah,
Clinical efficacy of antiretroviral combination therapy based on protease inhibi-
tors or non-nucleoside analogue reverse transcriptase inhibitors: indirect
comparison of controlled trials, 2004.

Of course, the proprietary drug producer may create an artificial
market differential by promoting its brand name.

Hoen et al. Pills and pocketbooks: Equity pricing of essential medicines in
developing countries, April 2001, at 2.

World Health Organization, HIV/AIDS Antiretroviral Newsletter, Issue
No. 8, December 2002, at 3.

Pierre Chirac at 3.

Pierre Chirac at 8.

As Graph 4 shows, after the introduction of generic competitors,
starting with a Brazilian generic in July at $2767 and then the Indian
generic Cipla in September at $800, the price of the proprietary drugs
dropped to under $1,000 by mid-October. Similarly, when generic
prices dropped to $350 the next year, proprietary prices tracked the
drop by decreasing to $727.

Martinez-Jones et al., Access to Antiretroviral Therapy in Uganda, June
2002, at 11.

Hoen et al. at 1.

Economist Intelligence Unit, Indian Market Profile, February 2005.

Id.

Id at Industry Forecasts.

Id.

Id.

Id.

Id.

Id.

Id.

Id.

Id.

Pierre Chirac, at 9.

Médecins Sans Frontieres (Doctors without Borders), Will the lifeline of
affordable medicines for poor countries be cut?, February 2005, at 2.

Id at 3.

A representative example: one Indian patent firm estimated that such a
search would take roughly 500 hours. At an hourly rate of $300, a com-
plete search would cost approximately $15,000.

It should be noted, however, that other factors may contribute to a price
increase amongst basic ARVs. One of these factors is potentially the
loosening of governmental price control, which began in India in 1995.
The most recent pharmaceutical policy, passed in 2002, is expected to
cut the number of drugs subject to price regulation by over half.
Economist Intelligence Unit, Indian Market Profile, February 2005.
Kaletra® is also the only currently available source of the ARV
lopinavir.

The information contained in the tables in the Appendix was compiled
mainly from three sources: the www.Thinkpharama.com database, the
United States Patent and Trademark Office website (www.USPTO.gov)
and the following source: Boulet et al., Patent Situation of HIV/AIDS-
Related Drugs in 80 Countries, UNAIDS, January 2000 (“the Boulet refer-
ence”). The list of US patents covering each antiretroviral may not be,
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http://www.thinkpharama.com/
http://www.uspto.gov/

and most likely is not, exhaustive. Some patents are listed as unknown;
these are taken from the Boulet reference, which listed priority dates for
several antiretroviral patents but did not provide corresponding patent
numbers. Despite attempts, the patents marked as “unknown” could
not be verified. It was felt that these references were still reliable
enough to be included with the data because of the reputable organiza-
tions associated with the Boulet reference (i.e., UNAIDS and the WHO).
McManis, Intellectual Property and International Mergers and Acquisitions,
1998.

The Indian Patent Act defines “inventive step” as follows: ““inventive
step” means a feature of an invention that involves technical advance as
compared to the existing knowledge or having economic significance or
both and that makes the invention not obvious to a person skilled in the
art.” The Patents (Amended) Act, 2005, April 2005, at 2.

World Trade Organization, Fact Sheet: TRIPS and Pharmaceutical Patents.
The Patent (Amendment) Act of 2005, April 2005, note 10 at p. 14.

Amin and Gopakumar, A Critical View of the New Indian Patent
(Amended) Act 2005, 2005, at 3.

Interestingly, the 2003 Decision leaves the decision of whether
manufacturing capabilities are sufficiently lacking to qualify for Article
31(f) importation to the discretion of the importing member. See gener-
ally, World Trade Organization, Implementation of paragraph 6 of the Doha
Declaration on the TRIPS Agreement and public health: Decision of the Gen-
eral Council of 30 August 2003.

The Patent (Amendment) Act of 2005, April 2005, at 14.

Of course, after subject matter has passed into the public domain, it
may never be reclaimed by any subsequent patent. Id. at 2.

A related concern, albeit one that concerns mainly developed nations, is
that patents are being granted (and/or FDA approval is being given) for
drugs (often called “me too” drugs) that are chemically similar and
therapeutically equivalent or inferior to existing drugs, which pharma-
ceutical conglomerates then heavily promote thus creating a false im-
pression of therapeutic superiority. For example, Pfizer’s Lipitor®,
which was the number one selling drug in the United States last year, is
widely considered to be chemically and therapeutically equivalent to
multiple other non-proprietary drugs that have been on the market for
years.
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Executive Summary

Innovation systems perspectives on agricultural re-
search and technological change in developing coun-
tries are increasingly popular for the study of how so-
ciety generates, disseminates, and utilizes knowledge.

The innovation systems perspective is a significant
change from the conventional, linear approach to re-
search and development. It provides an analytical
framework that explores complex relationships among
diverse actors, social and economic institutions, and
technological and institutional opportunities. The per-
spective also challenges claims that technological
change drives social and economic development, sug-
gesting instead that development is driven by the insti-
tutional context in which technological change occurs.

Recent empirical work has extended the innovation
systems approach. It is now being used to study not
only national innovation systems in industrialized-
country manufacturing but also developing-country
agriculture, shifting the emphasis from a unidirectional
technology transfer approach to a more complex, proc-
ess-based systems approach. This shift in perspective is
appropriate for the study of developing-country agri-
culture because it can help policymakers, researchers,
research managers, donors, entrepreneurs, and others
identify and analyze new ways to encourage innova-
tion. It offers greater insight into the complex relation-
ships between state and non-state actors, processes of
institutional learning and change, market and non-
market institutions, public policy, poverty reduction,
and socio-economic development.

This framework, however, has yet to be fully ap-
plied to understanding how innovation occurs in de-
veloping countries, and its application to the design of

mechanisms that would strengthen agricultural inno-
vation systems has not even begun. The perspective of
much of the emerging literature is limited to the con-
ventional role of the public research organization. The
few methodologies deployed do not extend beyond
ungeneralizable, context-specific descriptive analysis,
which is of only limited relevance to policy analysis
and poverty reduction.

There is ample scope for empirical studies to em-
ploy more diverse methodologies, both qualitative and
quantitative. Furthermore, empirical studies could
provide more relevant analyses of public policies in
support of not only science, technology, and innovation
but also of poverty reduction and economic growth.

Much can be done with this new framework. More
effort is required to identify measures and accumulate
data on national and sectoral innovation systems. We
must also develop taxonomies to classify agents, insti-
tutions, and systems. And we must focus more on
identifying policy options that can steer the innovative
process toward more welfare-improving outcomes.

With more, better-quality information, innovation
systems researchers will be able to more accurately
understand the strategic behavior of diverse actors in
the context of different social and economic institu-
tions. They will also be able to make meaningful com-
parisons over both time and space, all of which will
allow them to suggest new policy options for strength-
ening innovation systems. These approaches can work
even with the data limitations in developing countries.
More importantly, they can go a long way in fostering
development and reducing poverty in developing-
country agriculture.

Spielman DJ. 2006. A Critique of Innovation Systems Perspectives on Agricultural Research in Developing Countries. Innovation Strat-
egy Today 2(1):41-54. www.biodevelopments.org/innovation/index.htm
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Introduction

Innovation systems perspectives on agricultural
research and technological change are quickly be-
coming popular for studying how society gener-
ates, disseminates, and utilizes knowledge. They
are also being deployed to better understand how
to strengthen such systems to support growth, de-
velopment, and poverty reduction in developing
countries. The more theoretical innovation systems
literature represents a significant change from the
conventional, linear perspectives on agricultural
research and development (R&D). It provides a
framework for the analysis of complex relation-
ships and innovative processes that occur among
multiple agents, social and economic institutions,
and endogenously determined technological and
institutional opportunities. The emerging body of
empirical literature is equally significant because it
provides analysis of different forms of cooperation
(e.g., research consortia, corporate joint ventures,
virtual knowledge networks, and industry clus-
ters) among state and non-state actors (e.g., public
research organizations, private companies, rural
entrepreneurs, and farmers’ organizations) in vari-
ous sectoral, spatial, and temporal contexts. Taken
together, the innovation systems framework dem-
onstrates the importance of studying innovation as
a process: knowledge is accumulated and applied
by heterogeneous agents in complex interactions
that are conditioned by social and economic insti-
tutions.

Such analyses of developing-country agricul-
ture are acutely needed. International and na-
tional agricultural research systems face signifi-
cant institutional and organizational challenges
that have led to insufficient funding, difficulties in
training and maintaining good scientists, obstacles
to accessing new scientific knowledge and tech-
nology, and other significant constraints (Pardey
and Beintema, 2001; Byerlee and Fischer, 2001).
Because innovation systems approaches offer
greater insight into the complex relationships be-
tween diverse actors, processes of institutional

42

learning and change, market and non-market in-

stitutions, public policy, poverty reduction, and

socio-economic development, an innovation sys-
tems approach should be able to help policymak-
ers, researchers, donors, entrepreneurs, and others
identify and analyze new ways to encourage in-
novation.

Yet there is little evidence to suggest that an
innovation systems framework approach to de-
veloping-country agriculture is, in fact, providing
real solutions to today’s challenges. While the
framework is helping to change the mind-set of
researchers and policymakers by encouraging
them to consider new and unconventional actors
and relationships, several methodological and
analytical shortcomings are limiting its relevance
to policy and policymaking processes. Its effect on
social welfare improvement in developing coun-
tries is therefore limited.

This paper attempts to address three questions
in the context of an innovation systems perspec-
tive on developing-country agriculture:
¢ How do we accurately describe research and

innovation activity as part of a system, society,

or economy that changes over time?

e How does policy affect the processes that de-
termine the range and scope of innovations
generated and disseminated within a system,
society, or economy?

¢ How does policy affect the processes that de-
termine the distribution of the social and eco-
nomic gains of innovation?

Section 2 reviews innovation systems literature on
developing-country agriculture. Section 3 pro-
vides an overview of the conventional terminol-
ogy used in innovation systems literature, and
Section 4 presents the strengths and weaknesses
of the innovation systems framework, as well as
recommendations for improving the framework
in its application to developing-country agricul-
ture. Section 5 offers concluding remarks.

Spielman



Innovations Systems Literature and Developing Country Agriculture

While the foundations of the innovation systems
perspective lie in Schumpeter’s (1939; [1934] 1961)
works on technological change, the literature has
expanded considerably with more modern contribu-
tions from the fields of evolutionary economics and
systems theory (Nelson and Winter, 1982; Dosi et al.,
1988; Freeman, 1987; Metcalfe, 1988; Lundvall, 1992;
Edquist 1997). Yet this literature has had little influ-
ence on the study of agricultural research and tech-
nological change in developing countries. Theories
of technological change in agriculture that devel-
oped in the latter half of the 20th century have
tended toward the Hicksian notion of innovation
induced by relative factor scarcities rather than the
Schumpeterian system, in which market structures
and socioeconomic institutions affected (and re-
sponded to) technological innovation. By introduc-
ing relative factor scarcities and prices as the key
determinants of innovation, Hicks ([1939] 1946) mar-
ried the notion of innovation to the larger neoclassi-
cal framework. His work informed the modern theo-
ries of agricultural development and economic de-
velopment posited most notably by Hayami and
Ruttan (1971). Their work, in turn, gave rise to dense
literature on the role of public research systems in
generating technological change in agriculture
(Echeverria, 1990; Huffman and Evenson, 1993;
Anderson, Pardey, and Roseboom, 1994; Alston,
Norton, and Pardey, 1995; and Alston, Pardey, and
Smith, 1999, among others), bolstered by studies on
the successes of the Green Revolution (Lipton, 1989;
Hazell and Ramasamy, 1991; and Hazell and
Haddad, 2001, among others).

The primary focus of this literature has been the
public sector agricultural research organization. In
effect, this research has transformed into the study of
how national agricultural research systems (NARS)
effect technological change through a linear model of
research, development, and extension. The NARS
perspective highlights the public-goods nature of
agricultural research and the absence of market ac-
cess or purchasing power among many agrarian
agents, thus appropriately emphasizing the state’s
role in fostering technological change. Yet the NARS
approach tends toward linearity insofar as the
movement of knowledge is described as originating
from some known source (the scientific researcher)
and flowing to some end user (the farmer), assuming
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that the social and economic institutions in which
this process occurs are largely exogenous and un-
changing.

A slightly more sophisticated approach is found
in the agricultural knowledge and information sys-
tems (AKIS) perspective, which incorporates impor-
tant concepts from the study of information and
knowledge economics. The AKIS perspective high-
lights the links between research, education, and
extension in generating knowledge and fostering
technological change (Nagel, 1979; Roling, 1986,
1988).1 More importantly, by focusing on the dy-
namics of dissemination through extension, the ap-
proach rectifies some of the conceptual gaps that had
impeded analyses of how knowledge moves be-
tween researchers and end users.

Embedded in the study of how knowledge flows
between and among agents, the AKIS perspective is
less linear than the NARS approach. Yet it may be
argued that the perspective is limited in its ability to
conduct analysis beyond the nexus of public sector
research, university research, and extension services,
or to consider heterogeneity among agents, the insti-
tutional and historical context that conditions their
behaviors, and the learning processes that determine
their capacity to change and innovate. The innova-
tion systems approach broadens the NARS and
AKIS perspectives by focusing on the processes by
which diverse agents engage in generating, dissemi-
nating, and utilizing knowledge; the organizational
and individual competencies of such agents; the na-
ture and character of their interactions; and the mar-
ket and non-market institutions that affect the inno-
vation process.

The innovation systems approach is, however,
still nascent in the study of developing-country agri-
culture. Biggs and Clay (1981) and Biggs (1989) offer
an early foray into the field by introducing several
key concepts—institutional learning and change,
and the relationship between innovation and the
institutional milieu in which innovation occurs—that
become central to later innovation systems studies
on developing-country agriculture. For example,
Hall and Clark (1995), Hall et al. (1998), Johnson and
Segura-Bonilla (2001), Clark (2002), Arocena and
Sutz (2002), and Hall et al. (2002, 2003) introduce the
innovation systems approach to the study of devel-
oping-country agriculture and agricultural research
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systems. Regional and national applications of the
innovation systems approach are considered by
Roseboom (2004), Chema et al. (2003), Peterson et al.
(2003), and Hall and Yoganand (2004) in Sub-
Saharan Africa; by Vieira and Hartwich (2002) in
Latin America; and by Hall et al. (1998) in India.
Several studies focus on the institutional arrange-
ments in research and innovation, e.g., Hall et al.
(2002) on public-private interactions in agricultural
research; Porter and Phillips-Howard (1997) on con-
tract farming; Hall et al. (1998), Allegri (2002), and
Kangasniemi (2002) on producers’ associations.
Other studies focus on specific technologies such as
Chataway (2005) and Hall (2005) on agricultural bio-
technology.

These studies distinguish themselves from other
works on agricultural R&D because they embed
analyses of research and technology within the
wider context of institutional change and innova-
tion processes. Furthermore, they offer some an-
swers to research questions that the conventional

Key Terms and Definitions

To better understand the conceptual framework of-
fered by the innovation systems approach, we pro-
vide here a summary of conventional terms and
definitions. First, an innovation is defined here as any
new knowledge introduced into and utilized in an
economic or social process (OECD, 1999). Second,
agents are defined as those individuals and compa-
nies that constitute the principle actors in processes
of innovation. Agents typically enter not as rational
maximizers responding to price signals, but as
strategists, responding to other agents” behaviors
and their institutional context.? Secondary agents
include state and non-state actors also engaged in
processes of innovation whose activities relate di-
rectly and are dependent on individuals and compa-
nies. Third, an innovation system is defined as a set of
interrelated agents, their interactions, and the insti-
tutions that condition their behavior with respect to
the common objective of generating, diffusing, and
utilizing knowledge and/or technology.

In an innovation system, the company often con-
stitutes the focal agent of inquiry and represents the
primary agent. In agriculture, this includes multina-
tional and national agribusiness companies,
small/medium agro-enterprises, individual entre-
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R&D literature is often unable to address. For ex-
ample, Ekboir and Parellada (2002) detail the so-
cial and economic changes that encouraged the
diffusion of zero-tillage cultivation in Argentina, a
process that resulted from a complex series of
events and interactions among farmers, farmers’
organizations, public researchers, and private
firms. Smith (2005) studies the institutional and
organizational learning processes that went into
forming and operating a public-private partner-
ship to develop a livestock vaccine for cattle in
Kenya. Clark et al. (2003) unlock the mysteries of a
successful donor-funded project in post-harvest
packaging for small-scale farmers in India by
studying the institutional learning and change
processes that were incorporated into the project
design. These studies are linked by their emphasis
on the role of diverse actors and interactions
within complex systems of innovation and the
institutional context within which these processes
occurred.

preneurs, farmer/producer associations, rural coop-
eratives, or other community-based groups. These
agents engage in the production, processing, market-
ing, and distribution of agricultural commodities, as
well as in the purchase of agricultural and agro-
industrial inputs. In each of these activities, they also
engage in processes of knowledge creation, dissemi-
nation, and application through both market and
non-market relationships.

An innovation system is also host to individuals
who, in the agricultural sector, include farmers, farm
households, agricultural laborers, and rural commu-
nities. Their functions are often the same as the com-
pany insofar as they produce agricultural commodi-
ties; consume agricultural inputs; and produce, ex-
change, and utilize knowledge in market and non-
market relationships. The individual agrarian pro-
ducer is also the smallest economic unit through
which innovation flows, inextricably tied to the
company within an innovation system.

Secondary to this relationship is the public re-
search system, including national research organiza-
tions, extension systems, state marketing agencies,
institutes of higher learning, international research
centers, and (though sometimes categorized sepa-
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rately) non-governmental organizations. The public
research system traditionally engages in non-market
relationships with farmers and companies to gener-
ate and disseminate knowledge or technology, al-
though some relationships (e.g., contracting research
to companies, or contracting seed multiplication to
farmers) are based on market exchanges.

Next, consider the role of knowledge in an innova-
tion system. Knowledge can be categorized in many
different ways. Knowledge may be classified accord-
ing to form —for example, as scientific/technical
knowledge or organizational/managerial knowl-
edge, as well as codified/explicit and tacit/implicit
knowledge (Hall et al., 2002). Knowledge may also
be embodied in some good, service, or technology;
or it may be distinct, disembodied, and complemen-
tary. Knowledge may be further characterized by its
degree of accessibility and accumulation over time
or among agents, depending on an agent’s capacity
to exchange, learn, and absorb. Since there is no limit
to the taxonomy of knowledge, we assume that these
classifications suffice for the present purposes.

Next, consider the sources of knowledge in an in-
novation system. Knowledge sources may be exter-
nal to a given agent within an innovation system —
for example, a scientific journal article documenting
a laboratory breakthrough, or a neighbor who intro-
duces one to a new way of achieving something.
Alternatively, the knowledge source may be some
internal process—for example, the reorganization of
human and scientific resources within a company to
improve efficiency (Malerba, 2002). Knowledge may
derive from the conventional providers of advanced
research: public research organizations, private labo-
ratories, and universities. Yet it may also emerge
from the practices and behaviors of individuals,
households, and civil society organizations (Clark,
2002). In sum, knowledge sources are not simply
those entities producing cutting-edge science; rather,
they are any entities that introduce knowledge into a
social or economic process.

Next, consider the different interactions or rela-
tionships between and among agents in an innova-
tion system. Interactions are numerous and varied,
and include such relationships as spot market ex-
changes of goods and services that embody new
knowledge or technology; costless exchanges of non-
rival, non-excludable knowledge made available in
the public domain; long-term, durable exchanges
that incorporate complex commitment mechanisms
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and related transaction costs; collusive arrangements
among oligopolistic companies; and hierarchi-
cal/command structures that govern the exchange
process. Equally important are those interactions
among individuals and organizations that are char-
acterized by learning and feedback processes. The
study of how individual agents structure their stra-
tegic interactions is what gives the approach its de-
finitive systems perspective.

It is worth noting here the centrality of coopera-
tion—incompletely-specified, non-market exchange
relationships that allow for opportunistic behavior
by agents involved in the exchange —in the context
of an innovation systems framework (Fritsch, 2004).
Cooperation, though only one of several forms of
interaction, is one of the key behavioral aspects of
agents in an innovation system and is conditioned
by the institutions that promote or impede it. This
concept is particularly relevant when studying learn-
ing processes or relationships that blur the tradi-
tional roles of distinct actors—for example, partner-
ships between public and private research entities
(Pray, 2001; Hall et al., 2002; Spielman and Von
Grebmer, 2004).

Next, an innovation system includes those insti-
tutions that affect the process by which innovations
are developed and delivered: the laws, regulations,
conventions, traditions, routines, and norms of soci-
ety that determine how different agents interact with
and learn from each other, and how they produce,
disseminate, and utilize knowledge. These factors
determine the efficiency and stability of cooperation
and competition, and whether agents in an innova-
tion system are able to interact so as to generate, dif-
fuse, and utilize knowledge. An institution may be
no more explicit than a traditional tendency toward
(or away from) informal entrepreneurial behavior in
agrarian society, such as farmer exchanges of seed
and other planting materials; or it may be more codi-
fied in the laws that govern how private, knowl-
edge-based companies are established, licensed, and
taxed, and the extent to which such companies can
appropriate the rents from innovation.

Finally, an innovation system requires some
unit of study or dimensions of analysis to delineate
its boundaries (Metcalfe, 1997; Carlsson et al.,

2002). Analysis may focus on the spatial (local,
national, and regional economic or geopolitical
units); the sectoral (manufacturing, agriculture, or
any sub-sector thereof); or the technological (for
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example, information and communications tech-
nology, agricultural biotechnology, or other dis-
tinct technology sets). Further, analysis may focus
on the material, such as a particular good or ser-
vice that forms the focal point of a given commod-
ity value chain. Analysis may also focus on a tem-
poral dimension by studying how relationships

among agents change over time as a result of
knowledge transfers, feedback mechanisms, insti-
tutional learning, decision rules, adaptive behav-
ior, and organizational transformation (Nelson
and Winter, 1982). In short, an innovation systems
framework offers a diversity and wealth of ana-
lytical dimensions.

Innovations Systems and Developing Country Agriculture

An innovation system is thus defined as a network
of agents, along with the institutions, organizations,
and policies that condition their behavior and per-
formance with respect to generating, exchanging,
and utilizing knowledge. Returning to the three
questions posed earlier, this section reviews several
areas where an innovation systems approach can
contribute to the improvement of pro-poor agricul-
tural research and innovation in developing coun-
tries. It also considers where this approach and its
applications are still under development. How ap-
plied innovation systems research proceeds in light
of these recommendations may determine its rele-
vance to improving the impact of agricultural inno-
vation on poverty reduction, food security, agricul-
tural development, and economy-wide growth in
developing countries.

The Role of Farmers, Companies, and Institutions
The most apparent value of the innovation systems
framework lies in its ability to widen otherwise nar-
row or conventional analytical perspectives on de-
veloping-country agricultural research and innova-
tion. Emphasizing the study of interactions and
processes among diverse agents and institutions in-
volved in the innovation process, the framework
offers a more comprehensive analytical approach
than either the NARS or AKIS perspectives.

But beyond this contribution, there is limited
evidence to suggest that the full value of the frame-
work is being applied to understand how innovation
occurs or to design mechanisms that strengthen ag-
ricultural innovation systems in developing coun-
tries. Some of the emerging literature on agricultural
innovation systems remains tied to a conventional
focus on the structure and reform of brick-and-
mortar public sector “institutions” rather than on the
“rules of the games” that describe the wider charac-
teristics of an innovation system (see, for example,
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Chema, Gilbert, and Roseboom, 2003). And while
several agricultural research initiatives use the lan-
guage of the innovation systems approach to suggest
a new analytical perspective, they still appear closely
wedded to the conventional priority of strengthen-
ing national, public sector partners without fully
recognizing the complexity of the processes and sys-
tems within which these partners operate (see, for
example, FARA, 2004; Roseboom, 2004; Sumberg,
2005).

Indeed, Sumberg (2005) applies and extends this
criticism to agricultural research and innovation
systems in Sub-Saharan Africa. He reasons that be-
cause an innovation system comprises a complex,
diverse, and diffuse set of processes, it is well
adapted to address the agro-ecological and socio-
economic needs of a region as vast and heterogene-
ous as Sub-Saharan Africa. He argues, however,
that efforts to create a formal system based on coor-
dinated hierarchies among national and supra-
national organizations—highlighted by public re-
search organizations such as the Consultative
Group for International Agricultural Research
(CGIAR), the Forum for Agricultural Research in
Africa (FARA), and the New Partnership for Af-
rica’s Development (NEPAD), and other interna-
tional bodies—is an unresponsive, supply-driven
system that overlooks the region’s demands for
innovation. In other words, the use of an innovation
systems framework to create a system that is argua-
bly antithetical to the diffuse nature of innovation
will do little to encourage technological change in
Sub-Saharan Africa.

In short, early applications to developing-country
agriculture suggest a far narrower—and, arguably,
less informative —approach that revolves around the
trials and tribulations of a single, typically public
sector, agent. This overlooks the analytical strength
of the innovation systems framework and its unique
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approach to understanding complex and diverse
agents, institutions, and interactions.

Admittedly, this narrow approach reflects certain
realities in developing-country agriculture. Agricul-
tural research and innovation in many developing
countries are focused on attaining food security and
alleviating poverty by enhancing crop yields for
farmers and improving food availability for con-
sumers with limited market access or purchasing
power. This strategy has traditionally required that
research outputs be generated as non-excludable,
non-rival (public) goods that require public sector
investment in research and innovation. This is most
acute in Sub-Saharan Africa, where more than 97%
of agricultural research is undertaken by the public
sector (Beintema and Stads, 2004). But it is no less
relevant in Asia and Latin America.

These narrow approaches, however, overlook the
importance of understanding the wider system and
process of social and technological change in agricul-
ture. They also neglect the institutional factors that
underlie these processes. More importantly, these
narrow approaches do little to change the nature of
how innovation occurs in developing-country agri-
culture, leaving many urgent puzzles unanswered.

More study of the dynamics of innovation is
clearly needed. This includes the study of non-state
actors in relation to, separate from, or even in spite
of public-sector research organizations. Several stud-
ies (e.g., Hall et al., 2002, 2004) attempt to do this, but
more analysis is required on the heterogeneity
among non-state actors, changes in the institutional
contexts in which heterogeneous actors operate, and
alternative forms of interaction among such actors.

Tools and Methods of Analysis

Applied to the study of innovation policy in OECD
countries, the innovation systems approach relies on
diverse and rigorous qualitative and quantitative
methods. The choice of method has been driven by
two separate strains in the literature (Balzat and Ha-
nusch, 2004). The first strain derives from academic
efforts to improve the understanding of how innova-
tion occurs. It relies on tools such as country case
studies and descriptive models of national innova-
tion systems, which, until recently, have lacked a
formal method of analysis. The second strain derives
from more policy-driven efforts to improve the per-
formance of national innovation systems. It relies on
tools for conducting cross-country comparisons,
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such as innovation benchmarking and ranking and
comparative case studies of best practices.

The literature is increasingly characterized by the
use of a wide variety of systematic, replicable, and
consistent tools of analysis, including in-depth social
and economic histories; policy benchmarking, cross-
country comparisons, and best practices; statistical
and econometric analysis; systems and network
analysis; and empirical applications of game theory,
to name but a few (Balzat and Hanusch, 2004). This
methodological diversity and rigor bring credibility
and strength to the study of innovation systems.

However, in its current application to develop-
ing-country agriculture, the innovation systems ap-
proach is making limited use of these powerful tools
and methods. Currently, the favored methodology in
the study of agricultural research in developing
countries is the descriptive case study, often drawn
from an action research or stakeholder analysis exer-
cise (Hall et al., 2004). Several recent studies have
become more diagnostic in their approach by identi-
fying institutional constraints and recommending
alternative policies, incentive structures, or organiza-
tional reforms that might remove such constraints
(Kangasniemi, 2002; Hall et al., 2002; Hall et al.,
2004). But more often than not, studies are simply ex
post descriptions of the dynamics and complexities
of some technological or institutional innovation.
And there the analysis ends.

This is not to say that action research lacks rigor;
rather, action research has been a fundamental tool
in identifying agricultural innovation systems in
developing countries and establishing “proof of con-
cept” for further study. However, reliance on action
research should not preclude the use of other equally
rigorous qualitative and quantitative methods. In
fact, greater diversity in the choice of methods can
only strengthen the literature by improving the ro-
bustness of hypotheses testing based on the innova-
tion systems framework.

There are several possible methodological ap-
proaches that could strengthen the study of innova-
tion systems in developing-country agriculture. One
might be to analyze the costs and benefits of knowl-
edge production or dissemination given the com-
plexity of interactions among diverse agents. Such
an approach could include standard measurements
of costs and benefits combined with measures of the
transaction and risk management costs that are so
fundamental to many different types of non-market
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interactions. An alternative approach might be to
employ well-developed methodologies used to
study social learning processes among agrarian
agents (Foster and Rosenzweig, 1995; Conley and
Udry, 2001).

Yet another approach might be to consider the
dynamic effects of market structure on the innova-
tion process by using empirical applications of coop-
erative game theory and other tools of industrial
economics. This is illustrated by Naseem and Oeh-
mke (2004), who model R&D races under various
oligopoly scenarios in which both public and private
researchers conduct work on advanced genomics
research. They suggest that under a certain set of
market conditions, public organizations can play a
role in increasing the level of genomics research de-
spite the nature of the R&D race.

Another useful method, already employed by the
OECD in its studies of innovation systems in indus-
trialized countries, is benchmarking, or best practice
(OECD, 2002, 2001). Through comparative studies of
innovation systems, this method allows researchers
and policymakers to compare the dynamics of inno-
vation—the policies, institutions, organizations, and
processes that influence innovation outcomes—in
one country or region against another. This ap-
proach requires identifying appropriate indicators of
innovation, including not only R&D investment sta-
tistics but also indicators of absorptive capacity
among companies; the quality and quantity of in-
vestments in human capital; labor, input, and com-
modity market conditions; infrastructure; and so
on.’

Another useful tool is the empirical application
of non-cooperative game theoretic models to break
down interactions into key decision points and pay-
offs. Methodologies in this vein include descriptive
modeling of the relations and networks through
which information moves between and among
agents. This is a particularly powerful set of tools for
analyzing knowledge-intensive sectors such as agri-
cultural research. For example, Binenbaum, Pardey,
and Wright (2001) dissect the relations between or-
ganizations, the incentives that motivate their behav-
ior, and the problems associated with those incen-
tives. By reconstructing the relations and incentives
under alternative scenarios, the analytical output,
typically embedded in game theory, develops an
enhanced perspective on the process by which in-
formation flows between organizations. Key ele-
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ments include analysis of players and their objec-
tives, incentives, and relations; the structure and
flow of information and the mechanisms that make
information flows possible; the choice variables and
sequence of moves among players; and the relation
and incentive problems that impede players’ moves
and the flow of information. Similarly, De Bruijn and
Van der Voort (2002) study interactions (e.g., public-
private partnerships) by identifying the dilemmas
and tensions that characterize their interaction
through a combined product and process analysis
(i.e., input-throughput-output) approach.

The novelty and context-specificity of a given in-
novation, however, often necessitate less intricate
methods that rely on the descriptive or comparative
analysis of agents and their mechanisms of interac-
tion. However, if the action research approach falls
short in this context, another method developed by
Elliott et al. (1985) and Elliott (1990) might prove
useful. This approach, referred to as agricultural tech-
nology management system (ATMS) analysis, attempts
to analyze relationships not only within and among
organizations but also between organizations and
their external environments. Designed to improve
organizational design and managerial functions, the
approach emphasizes separate analyses for systems,
organizations, and technologies. It offers a variety of
analytical tools, such as responsibility charting,
events analysis, priority setting, and so on.

The ATMS approach alludes to the possible use
of other, more conventional tools common to the
study of business management and organizational
behavior—tools that could improve our understand-
ing of the inner workings of public research organi-
zations, private research companies, and nongov-
ernmental organizations. These might include such
exercises as the analysis of innovation processes
within value chains (Kaplinsky and Morris, 2000;
Humphrey and Schmitz, 2001). The value chain ap-
proach examines how producers, buyers, and sellers
separated by time and space progressively add and
accumulate value as commodities are transformed
and passed from one member of the chain to the
next. It focuses on how product and process innova-
tions can improve the efficiency of the value chain.

In sum, when the innovation systems framework
is applied to developing-country agricultural re-
search it makes limited use of the diverse analytical
tools available in the existing literature on innova-
tion systems and in other areas of empirical inquiry.
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More effort is required to identify measures, accu-
mulate data on national and sectoral innovation sys-
tems, and develop taxonomies with which to classify
agents, institutions, and systems. With more, better
quality information, innovation systems researchers
will be able to more accurately model the calculus of
agents’ behavior with respect to the strategic behav-
ior of others and the context of social and economic
institutions. They will also be able to make meaning-
ful comparisons over both time and space and to
suggest alternative policy options to strengthen in-
novation systems. Even with data limitations in de-
veloping countries, these approaches can work.

Relevance to Policy Analysis

Methodological issues aside, the value of the innova-
tion systems approach is its use in informing poli-
cymakers about options that may enhance the poten-
tial for innovation and improve the distribution of
gains from innovation. Recommendations in this
vein come from studies such as Kangasniemi (2002)
on policies to strengthen the research role of agricul-
tural producer associations in East and southern
Africa; Hall et al. (2002) on enhancing opportunities
for public-private partnerships in Indian agriculture;
and in several studies presented in Hall et al. (2004)
on partnerships, institutions, and learning in South
Asia and Sub-Saharan Africa.

Yet beyond these (and several other) examples,
the link between empirical analysis and policy rec-
ommendation remains either nascent or weak when
in an innovation systems framework is applied to
developing-country agriculture. With so many case
studies conducted and so many lessons learned, re-
searchers should be well positioned to advise gov-
ernments on policy options and incentive structures
that generate greater levels of innovation and im-
prove the distribution of these gains.

It may be argued that advising governments with
research-based policy recommendations is an old-
fashioned, top-down approach to promoting change,
and that institutional learning through action re-
search and capacity-strengthening efforts is more
effective. Indeed, there is a growing consensus be-
hind the need for strategies that combine policy re-
search with effective capacity-strengthening and
communication approaches (Young, 2005; Court and
Maxwell, 2005; Von Grebmer, 2005; Court and
Young, 2004; Pannell, 2004). What remains to be
seen, however, is whether institutional learning ap-
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proaches offer better and more cost-effective access
to the leverage points needed to change institutional
design and public policy than, say, conventional
policy recommendations and advising. At present,
the esoteric nature of the innovation systems litera-
ture as applied to developing-country agriculture
provides insufficient evidence to conclude that this
is the case.

The general absence of policy analysis in the
emerging literature may result from the complexity
of a “systems” approach and the weakness of its as-
sociated methodologies, a point not lost on Clark
(2002). Case studies and action research may help
illustrate complex relationships and assemble seem-
ingly unrelated bits of knowledge, but they are in-
sufficient tools with which to persuade policymakers
and effect policy change. The absence of policy
analysis may also result from the depth, breadth,
and complexity of innovation policy —a topic cover-
ing policies in industry, agriculture, trade, finance
and investment, education, science and technology,
labor, and so on. To effect real change, however,
analyses of innovation policy should extend from
case studies to more comprehensive analyses of na-
tional and sectoral policies at a level that is relevant
for crafting and coordinating policy options or for
making constructive cross-country benchmarks and
recommendations for best practice. By combining
well-grounded empirical analysis with a solid un-
derstanding of the institutional context in which in-
novation occurs, the innovation systems approach
can be a powerful tool in designing public policy
and incentive structuring.

This concept ties closely to Omamo (2003), who
argues that policy analysts must pay closer attention
to processes of institutional innovation and their
historical, socioeconomic contexts, and rely less on
formula-based prescriptions for agriculture in Af-
rica. Here, the innovation systems framework offers
the right focus on institutional innovation, institu-
tional context, and historic path-dependency, but it
needs to extend itself into the realm of policy analy-
sis by asking the right questions. It must ask how
alternative policy options can be designed, imple-
mented, and operationalized, rather than why inno-
vation systems look the way they do in developing
countries.
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Relevance to Poverty Reduction

Finally, the innovation systems framework offers a
new perspective on innovation processes that are
fundamental to reducing poverty and improving
food security. This is highly relevant for the study of
agriculture in developing countries, where 75% of
the world’s poor reside (IFAD, 2001).

Yet few studies in the emerging literature on in-
novation systems in developing-country agriculture
ask the fundamental economic question: whether a
given innovation increases welfare. This means ask-
ing whether i) an innovation increases efficiency in
the production or utilization of knowledge directly
relevant to those goods and services used by the
poor in consumption or production, or ii) whether
an innovation improves the distribution of social
surplus in a manner beneficial to the poor. Few stud-
ies make that leap from descriptive ex post analysis
of an innovation system to an ex ante analysis of how
an innovation system promotes institutional and
technological changes that are explicitly pro-poor.
Although some authors (e.g., Kangasniemi, 2002)
reference smallholder African farmers as a key target
group for innovation-relevant policy improvement,
there are few other examples of distributional or
poverty analysis in the innovation systems frame-
work.

Ultimately, by putting innovation (rather than
poverty) at the center of their study of developing-
country agriculture, most studies limit the relevance
and value of an innovation systems framework to
developing-country agriculture. This means that
more work needs to be done within the innovation
systems framework on the relationship between

Conclusions

The organizing principles of the innovation systems
approach —studying interactions and institutions that
affect heterogeneous agents’ strategic efforts to inno-
vate, adapt, and complement—are an important
break from the neoclassical principles of optimizing
agents and equilibrium outcomes. In agriculture,
these perspectives are critical to shifting socioeco-
nomic research beyond technological change “in-
duced” by the relative prices of land, labor, or other
production factors in agriculture. It should also move
research beyond the concept of linear technology
transfers —such as from industrialized to developing
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innovation—both technological and institutional —
and poverty. This implies studying both (a) the
economic growth prospects associated with innova-
tion and (b) the distributional consequences of in-
novation.

The former opens up a whole new field of mac-
roeconomic inquiry that combines innovation sys-
tems perspectives with endogenous growth theory
(e.g., Romer, 1990; Barro and Sala-i-Martin, 1995).
This type of marriage enhances the study of eco-
nomic growth by providing new perspectives and
indicators that better capture and measure innova-
tive capacities (Balzat and Hanusch, 2004).

The latter offers possibilities for analyzing key tech-
nological changes in agriculture. This includes
analyses of how innovations affect wages for land-
less laborers, incomes for smallholders, or bargain-
ing power for vulnerable social groups, which im-
plies more analysis of distributional and political
economy issues (e.g., the distribution of income,
knowledge, and power and their relationships to
innovation processes). This also includes the analysis
and valuation of tacit, non-traditional, and non-
industrial knowledge sources often held by those
with the least ability to realize the benefits of innova-
tion: small-scale farmers, food-insecure households,
landless agricultural laborers, women and children,
and other marginalized or vulnerable groups. And
finally, making use of the tools and methods sug-
gested above could lead to less focus on ex post de-
scriptions of innovation systems and more focus on
ex ante analyses of how innovation policy affects
poverty reduction.

countries or from advanced, international research
centers to national systems—as an engine of change.
The innovation systems perspective argues
against the perception that technological change
drives social and economic development, suggesting
instead that development is driven by the institu-
tional context in which technological change occurs.
With an improved understanding of the institutional
context, we can better understand the impacts of
technological change on vulnerable groups in rural
society. The innovation systems perspective usefully
widens otherwise narrow horizons in the agricultural
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research community. The framework can be used to
fill knowledge gaps and frame socioeconomic re-
search within a wider context of diverse actors,
knowledge sources, institutions, and interactions.

To be relevant in the context of developing-
country agriculture, however, the literature requires
further development and application. Much of the
emerging literature in this area is limited by a lack of
perspective beyond the conventional role of the pub-
lic research organization; few methodologies beyond
ungeneralizable, context-specific descriptive analy-
sis; limited relevance to policy analysis and policy-
makers; and limited relevance to poverty reduction
and food security.
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Executive Summary

The literature on innovation systems offers a broad
analytical framework for examining processes of tech-
nological and institutional change. From its earliest
roots in the literature on technological change and
economy, to its adoption of modern concepts from evo-
lutionary economics and systems theory, the innova-
tion systems framework is highly relevant for studying
the complex interactions among diverse agents en-
gaged in the generation, exchange, and use of knowl-
edge.

The innovation systems approach focuses on com-
plex relationships among diverse actors, social and
economic institutions, and technological and institu-
tional opportunities. It represents an important break
from the neoclassical principles of optimizing agents
and equilibrium outcomes, providing us with new
tools to better understand some of the more elusive
elements of economic development.

Of particular analytical usefulness are game theo-
retic and population game models. These describe how
heterogeneous actors interact and evolve over time
through strategic patterns of behavior. The models il-
lustrate the importance of institutional design: given a
set of agents in a particular game, any change in the
payoff structures may change the outcomes of the
game. Whether the result of spontaneous emergence or
of choices made by system actors, institutions influence
the nature and character of the system.

The models suggest the importance of change over
time. For instance, an innovation system operating in a
society that prioritizes the welfare of small farmers

may, in the early years of agricultural modernization,
choose to limit the payoffs of being a private-sector
innovator. In the long run, however, society may
choose to change its priorities. Changes in institutional
design over the long-term necessarily influence the
nature and character of the system.

The models also imply that optimality is not a nec-
essary outcome of evolutionary processes. Rather, such
processes tend towards a trajectory that may or may
not be stable over the long-term. Thus, where policies
can be designed to affect the evolutionary process of
innovation, the trajectory of a system can potentially be
guided toward greater innovative output and more
favorable distributions of innovative rents and social
welfare. Public policy should enable an innovation sys-
tem to remain flexible, generate incentives for innova-
tive activity, and create institutions that respond to and
learn from the innovative process.

In the study of agricultural and economic develop-
ment, the innovation systems perspective is an impor-
tant move. It goes beyond the study of technological
change “induced” by the relative prices of land, labor,
or other production factors in agriculture. It also moves
us beyond the concept of linear technology transfers—
from industrialized to developing countries, from ad-
vanced and international research centers to national
systems—as an engine of change. The perspective thus
applies not only to the study of innovation in industri-
alized country manufacturing but also to other areas of
economic inquiry, including innovation in developing
economies.

Spielman DJ. 2006. Systems of Innovation: Models, Methods and Future Directions. Innovation Strategy Today 2(1):55-66.
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Introduction

Innovation systems perspectives offer a broad ana-
lytical framework to examine processes of techno-
logical change. By shifting the emphasis of study
from linear models of technology production and
transfer to complex interactions among diverse
agents engaged in generating, exchanging, and using
knowledge, innovation systems perspectives have
opened up a whole new field of social and economic
inquiry. There are enormous opportunities to extend
the application of these perspectives from manufac-
turing and industry in industrialized countries to
various sectors in developing countries.

This paper begins by tracing the literature on in-
novation systems from its roots in early work on tech-
nological change to more modern studies of evolu-
tionary economics and systems theory. Section 3 pre-
sents a series of game theoretic and population game
models to describe how heterogeneous actors within
an innovation system interact and evolve over time
through strategic patterns of behavior. Section 4 dis-
cusses new opportunities to expand innovation sys-
tems analyses from the study of innovation in indus-
trialized-country manufacturing to other areas of eco-
nomic inquiry, including developing economies.

The Innovations Systems Framework: A Literature Review

Adam Smith ([1776] 1993) first noted the influence
of innovation—new production techniques and
new divisions of labor—on output and society. But
it is the work of Ricardo (1821) that provides a use-
ful starting point for discussions of both orthodox
(neoclassical) and heterodox economic perspec-
tives on innovation and technological change. Ri-
cardo’s analysis captured the fundamental chal-
lenges of economic—specifically agricultural —
production: the diminishing marginal returns from
land and the importance of technology in shifting
production possibilities. More importantly, his
analysis introduced factor bias as a determinant of
the impact of technological change on productiv-
ity, income, and welfare. Ricardo did this by dis-
tinguishing between two types of technology: that
which “increases the productivity powers of the
land” and that which “obtains its produce with less
labor” (p. 54). The former described the land-
saving techniques of production undertaken in
early 19th-century England —crop rotation, water
management, and intensive use of livestock ma-
nure to preserve soil fertility —that combined sev-
eral inputs to increase output per unit of land. The
latter described the use of improved agricultural
tools and machines that substituted capital for la-
bor, but, in the Ricardian schema, had no effect on
land productivity. Here, Ricardo provided an early
analytical framework for studying the form and
nature of innovation and its impact on social and
economic well-being.

56

Ricardo’s analysis gave rise to further interest in
the social and economic effects of technological
change by such classical political economists as List
(1841), Mill ([1848] 1965), and Marx ([1894] 1990). In
fact, it is List who is credited with the earliest descrip-
tion of a “national system of political economy” —a
precursor to the innovation system concept—in
which production results not only from the activities
of the firm but also from those social and economic
institutions (e.g., education, infrastructure) that make
production possible (Lundvall et al., 2002; Freeman,
1995). Leontieff (1941) took this further with his cele-
brated input/output analysis that established an in-
dustry-level “system” approach to production, used
later by scholars to explain innovative processes.

But it was Schumpeter ([1934] 1961; 1939) who
laid the cornerstone of the modern innovation sys-
tems approach. Distinguishing between invention,
innovation, and diffusion, Schumpeter provided the
first nuanced definition of technological change. De-
fining innovation as any addition to the existing body
of technical knowledge or know-how that results in
an outward shift of the production function and a
downward shift of the associated cost curves, he
added further nuance to the concept by distinguish-
ing between product, process, and organizational
innovation (1939, p. 87; [1934] 1961, p. 66; Blaugh,
1996, pp. 454-455).

In the context of the present study, Schumpeter’s
most relevant insights are his analysis of the market
and institutional conditions that generate innova-
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tion. In the Schumpeterian system, technological
change results from the innovative activities of large
firms that are afforded market power at the expense
of short-term social welfare (Nelson and Winter,
1982). Innovation is thus endogenously determined
by the behavior of the entrepreneur and his or her
financiers, and by the institutions of private prop-
erty, business traditions, and capitalist competition
(Clemence and Doody, 1966, p. 47). Over the long
run, technological change results from the continu-
ous market entry of entrepreneurial agents and in-
novation processes that force older firms and pro-
duction methods into obsolescence, thereby reallo-
cating resources into new products and processes
and reorganizing key aspects of the economy —
prices, goods, credit, and so on—to support a new
production regime (the “creative destruction,” or
Schumpeter Mark I model).! Movement from one
state (characterized by a set of innovations and re-
lated institutions employed by society) to the next
ultimately results in greater output for unchanged
money incomes, interest rates, profits, and indebted-
ness. This implies an increase in society’s control
over real consumption, that is, lower prices and
higher real incomes that represent economic growth.
In sum, Schumpeter suggested that innovation re-
sults from the character of social and economic insti-
tutions, and that institutions change in response to
innovation, thereby implying an endogenously-
determined relationship between society and inno-
vation.

The innovation systems framework emerged in
the mid-1980s as a neo-Schumpeterian perspective
that drew significantly from literature on evolu-
tionary economics and systems theory. Evolution-
ary economists such as Nelson and Winter (1982)2,
Dosi et al. (1988), Metcalfe (1988), and Andersen
(1994) inform the innovation systems framework by
emphasizing continuous and nonlinear processes of
endogenously determined technological and insti-
tutional change, in contrast to the more conven-
tional or neoclassical study of relative factor prices,
exogenous technological shocks, and static equilib-
ria. The innovation systems approach takes from
systems theory an emphasis on the study of i) the
attributes and interactions among diverse elements
of a set, ii) how the properties and behaviors of each
element influence other elements and the set as a
whole, and iii) how interdependence among the
elements renders the set indivisible, thereby making
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analysis of a single element irrelevant (Carlsson et
al., 2002).

A comprehensive description of the innovation
systems approach was first set forth by Lundvall
(1985) and applied to national comparisons of inno-
vation systems by Freeman (1987). The concept was
further elucidated in Dosi et al. (1988), Lundvall
(1988, 1992), Freeman (1988, 1995), Nelson (1988,
1993), and Edquist (1997), with empirical applica-
tions focusing primarily on national industrial policy
in Europe, Japan, and several East Asian countries
that experienced rapid industrialization during the
1980s. Recent work on innovation systems has
added new analytical dimensions, including the
study of systems at different spatial (i.e., geographi-
cally determined) levels (Saxenian, 1994; Braczyk,
Cooke, and Heidenreich, 1998; Fritsch, 2004), differ-
ent sectoral levels (Breschi and Malerba, 1997;
Malerba, 2002), different time periods (Anderson
and Teubal, 1999; Andersen, 2000, 2004), and in rela-
tion to a given technology set (Carlsson and
Jacobsson, 1993; Carlsson, 1995, 1997). Application of
the innovation systems approach has since been ex-
plored by the Organization for Economic Coopera-
tion and Development (OECD, 1997) and its mem-
bers (Arnold and Bell, 2001), the United Nations
Commission on Trade and Development, the Euro-
pean Commission, and, more recently, the World
Bank and International Monetary Fund (Lundvall et
al., 2002).

Studies that use an innovation systems framework
are able to analyze processes that are typically over-
looked in the linear approach to research and devel-
opment (R&D). Innovation systems studies often
open the “black box” of innovation to analyze actors’
motives and behaviors; the institutions that shape
these motives and behaviors; interactive, joint, and
complementary processes of innovation; and the dy-
namics of institutional learning and change. They
also provide analyses that extend beyond single in-
dustries or markets, capturing a wider range of
agents (public and private), interactions (competition,
cooperation, and learning), institutions (social prac-
tices and norms), and policies (science, technology,
trade, education, and investment) that condition
agents’ interactions and responses to innovation op-
portunities. Further, they often provide analyses of
policy design from the perspective of policy as a con-
tinuous process that adapts to institutional and tech-
nological opportunities presented by socioeconomic
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change and development (Metcalfe, 1995, 2000). This
differs significantly from the neoclassical assumption
that policy is the domain of fully-informed social
planners who reconcile social and private welfare
within a system of rational maximizers.

Today, there is an extensive body of applied litera-
ture on innovation systems in industrialized (OECD)
and newly-industrialized Asian countries, where the
emphasis is typically placed on industry and manufac-
turing. This does not, however, preclude the need for,
or potential value in, applying the innovation systems
framework to the study of developing countries.
Lundvall et al. (2002) are clear in their call for greater
study of national innovation systems in developing
countries. But other authors suggest that the frame-
work —in part or in whole—is not necessarily appro-
priate to the study of technological change in develop-
ing countries. For example, Metcalf (2000) argues that
innovative capacity is significantly preconditioned by
the existence of a strongly capitalist system supported

An Innovation System Model

Game theoretic modeling based on emerging work
in evolutionary economics offers some insight into
the value of the innovation systems framework. The
models described below illustrate the spontaneous
processes of social self-organization and how public
policy and organizational structures can affect these
processes. This perspective differs significantly from
the neoclassical approaches to constitutional design
and benevolent social planning. In an evolutionary
approach, aggregate social outcomes are not the
summation of individual maximizing behavior;
rather, they are the result of individual behavior
conditioned by the behavior of others and by the
institutional landscape that conditions these behav-
ior patterns.

The evolutionary model employed below de-
rives from the biological population models de-
scribed by Maynard Smith (1982). But it substitutes
for the intergenerational selection of biologically
inheritable traits the selection of socioeconomic be-
haviors, both idiosyncratic and intentional, over
time. The approach is described in detail by Nelson
and Winter (1982) and pursued further by Ander-
sen (1994, 2000, 2004), who models an innovation
system with Schumpeterian characteristics to de-
scribe the strategic decision-making processes of
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by functional market institutions and processes, im-
plying that developing countries may not meet the
basic criteria for possessing what might be described
as an innovation system. Similarly, Balzat and Ha-
nusch (2004) describe innovation systems in develop-
ing countries as “fragmented,” a characteristic that
might hamper the application of an innovation sys-
tems approach. Viotti (2002), in a study comparing
innovation systems in Brazil and South Korea, argues
that national “learning” (rather than “innovation”)
systems are more appropriate to the study of techno-
logical laggard countries. Relatedly, Arnold and Bell
(2001) argue that innovation in developing countries
might be better framed by studying a country’s capac-
ity to imitate, adapt, and catch up with innovation
processes in industrialized countries. But, as will be
discussed later, these arguments should not entirely
rule out the application of an innovation systems
framework to the study of technological change in
developing countries.

diverse agents who cooperate, compete, or other-
wise interact over time.

A Schumpeterian game theoretic model similar
to that described by Andersen (2000) is configured as
follows.* First, the model is set up with the standard
attributes of a noncooperative game: several agents
(“players”) pursue different behaviors (“strategies”)
that obtain different outcomes (“payoffs”). Second,
the model is initially configured as the classic
hawk/dove game. Intuitively, when a hawk and
dove meet, the dove is severely injured by the
hawk’s aggressive nature; when two hawks meet,
they are both severely injured because of their
equally aggressive natures; and when two doves
meet, they both fare well because of their peace-
loving nature.

The hawk and dove strategies are respectively
renamed Innovator (I) and Adaptionist (A) to cap-
ture the Schumpeterian nature of the game described
here. In this game, an Innovator might be an actor
who possesses and transforms knowledge into a
functional technology. For instance, an Innovator
might be a research-based firm or a highly entrepre-
neurial individual. An Adaptionist might be an actor
who applies such knowledge to the production of
some good or service. Thus, an Adaptionist might be
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a small-scale farmer or a rural entrepreneur—an ex-
ample used here because of its relevance to innova-
tion in developing countries, where agriculture often
is a central component of the economy.

These descriptions provide an appropriate start-
ing point for modeling a simple innovation system
because they represent a set of agents that engage in
interactions (exchanges) that are subject to coordina-
tion failures caused by, say, contracts for appropriat-
ing rents from innovation that are difficult to enforce
or otherwise incomplete.

We begin with a one-off, static version of the
game and describe the payoffs as follows. When a
player choosing an Innovator strategy meets another
player choosing the same Innovator strategy, the
duplication of innovative effort implies that they
must equally divide the value of the appropriable
benefits (v / 2) of their innovative activity and
equally divide the transaction costs associated with
the meeting (c / 2). These transactions costs—say,
expenses incurred in the process of protecting, secur-
ing, or obtaining rights to appropriable innovation
rents—are prohibitively high (c > v), implying that
the payoffs are detrimental to each party. However,
when an Innovator meets an Adaptionist, the Inno-
vator appropriates the full value of its innovative
activity without cost.

Conversely, when an Adaptionist meets an Inno-
vator, the Adaptionist realizes no benefit since the
Innovator appropriates the full value of its innova-
tive activity, as mentioned above. When an Adap-
tionist meets another Adaptionist, however, both
share the benefits of the innovation equally, less any
transactions costs incurred in the meeting (z). We
assume that an Adaptionist’s costs are neither pro-
hibitive nor greater than an Innovator’s costs (z <c).

These strategies can be presented in a strategic
(or normal) form model as shown in Table 1. Player
1 is represented by the row strategies and payoffs.
Player 2 is represented by the column strategies and
payoffs. Note that the payoffs shown in Table 1 are
those of Player 1 (the “row” player), while Player 2’s
payoffs are found symmetrically across the diagonal.

Table 1: Payoff Matrix, Innovator/Adaptionist Game

Numerically, by assigning values such that v =3,
c¢=5, and z = 1, consistent with the inequalities de-
scribed above, the payoff matrix is as in Table 2.

Table 2:
Numerical Payoff Matrix, Innovator/Adaptionist
Game
Innovator Adaptionist
Innovator -1 3
Adaptionist 0 1

Innovator Adaptionist
Innovator (v—c)/2 v
Adaptionist 0 (v—-2)/2
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The outcomes of a one-off interaction suggest
that there is no dominant strategy to this game: we
cannot simply predict a single strategy that each
player will (or will not) choose. The outcomes shown
here are two Nash equilibria, indicating two self-
evident outcomes in which neither player can gain
without making the other worse off, or in which all
players’ strategies are best responses to the other
available strategies. This implies that neither player
has an incentive to alter his or her strategy given the
strategies adopted by others: it is always better to be
an Innovator when facing an Adaptionist, and al-
ways better to be an Adaptionist when facing an
Innovator. Both equilibria are Pareto optimal in the
sense that the strategic responses leave each player
better off than had he or she pursued some other
strategy. These outcomes are consistent with the
solutions that obtain from the standard payoff (1)
structure of a hawk/dove game, namely

2(1,A) > (A A) > 7(A 1) > z(1,1) 1)

Next, consider this game within the context of an
entire population comprised of Innovators and
Adaptionists. Here, Innovators and Adaptionists
interact randomly on a frequency-dependent basis
within a system; that is, they meet up with one an-
other based on the proportion of Innovators (a 0/[0,
1]) and Adaptionists (1 — @) present in the system.
Payoffs to the Innovator are the sum of the payoffs
of interacting with another Innovator and another
Adaptionist, subject to the probability of each inter-
action occurring within the system, or

ﬂ(l,a):a[%]+(l—a)v @)
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Similarly, the payoffs of the Adaptionist strategy
are

(A @) =a(0) + (1-a) (%] 3)

Equating the payoffs of the two strategies and
solving for « yields
« V+1Z
a =—:" )
c+z

where o represents the equilibrium distribution of
Innovators and Adaptionists in the system, repre-
sented graphically in Figure 1. Using the numerical
payoffs given in Table 3, a* = 2/3.

Intuitively, the institutional context (the payoff
structure) within which this population evolves ob-
tains a stable equilibrium in which the two types of
behaviors (Innovator and Adaptionist) are able to
coexist. Using the numerical payoff structure, the
system is characterized by a population consisting of
two-thirds Innovators and one-third Adaptionists.

Next, consider a dynamic model of this game in
which the proportions of Innovators and Adaption-
ists change over time as agents update their behavior
based on learning and positive feedback processes
between time periods t and t +1. Assume that some
small proportion of the agents (w) choose to deviate
from their strategy and experiment with new strate-
gies based on what they learn in interactions with

other agents. If the payoffs of such a deviation are
greater than the payoffs of their existing strategy,
then they will change their strategy —Innovators will
become Adaptationists and Adaptationists will be-
come Innovators.

More formally, a change in the proportion of In-
novators between t and t +1 will result when the
payoffs to members of a deviating group are greater
than the mean payoffs in the system. By expressing
the mean payoff as

T=arx(l,a)+1-a)7(Aa,) (5)

then the change in the proportion of Innovators be-
tween t and t+1 is equal to

Aa=wa[z(l,a)-T] ©6)

This equation is commonly referred to as the re-
plicator dynamic, or the process through which the
frequency distribution of those strategies with
higher payoffs increases to an asymptotically stable
distribution. In intuitive terms, the replicator dy-
namic describes the process by which individual
behaviors and practices are copied and disseminated
(or rejected and rendered extinct) throughout a
population via a process of repeated interaction be-
tween agents and conditioning by institutional con-
text.

Figure 1: Innovator/Adaptionist Game
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The asymptotically stable distribution obtained
from this process is referred to as an evolutionarily
stable equilibrium —analogous to a Nash equilibrium
in the one-off game described above—and is ob-
tained where there is no change in the proportions of
Innovators and Adaptionists in the system, that is,
where

da_ 0 @)
dt

In this model, three such equilibria are possible:
two are found where the system is comprised exclu-
sively of Innovators or Adaptionists (a =1 or 0). But
these solutions are inherently unstable: any devia-
tion within the system (w > 0) will cause movement
away from these equilibria. Moreover, these solu-
tions are uninteresting in so far as a homogeneous
population tells us little about innovation and evolu-
tion. However, the third possible equilibrium is of
interest: this is the point at which the payoffs of each
strategy are equal, that is

z(l,)—-7(A ) =0 (8)

Given the payoffs set forth in the model, this
equilibrium solution is evolutionarily stable because

any agents choosing to deviate will find that the
payoffs of a change in strategy are unfavorable, thus
causing them to return to the equilibrium distribu-
tion, or

d[ﬂ(l,ao—n(A,at)]__(2v+0—2j<o 5
de, - 2 ¥

Thus, the point at which this condition is met (for
a #1,0) is an evolutionarily stable system profile. A
graphic representation of the trajectory of the sys-
tem’s replicator dynamic shows an asymptotically
stable outcome (Figure 2). Using our numerical ex-
ample again, a stable population is made up of two-
thirds Innovators and one-third Adaptionists.

Next, consider a model of an innovation system
comprised of Innovators (I), Adaptionists (A), Com-
plementors (C), and Imitators (M). A Complemen-
tor might be described as a small-scale innovator
whose marketable product depends on that of the
primary Innovator. An Imitator might be more like
a pirate, realizing the full value of appropriable
benefits with only negligible costs. Through this
model, we begin to capture some of the complexi-
ties inherent in a more realistic system, and present
the possibility of multiple evolutionarily stable
equilibria.

Figure 2: Replicator Dynamic of an Innovator/Adaptionist Game

a
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The model’s payoff structure between Innovators
and Adaptionists is as described above. But the addi-
tional interactions posed by this game warrant fur-
ther explanation. First, when an Innovator meets a
Complementor, the Innovator appropriates the full
value of its innovative activity without cost, while
the Complementor generates its own additional,
appropriable value from the meeting (v) less its own
costs (r) that are assumed to be greater than those of
an Adaptionist but less than those of an Innovator (c
>r>z). When a Complementor meets either an
Adaptionist or another Complementor, the two
equally divide whatever value is generated in their
meeting. Necessarily, since neither agent creates
much value independently, the benefits they divide
are relatively small and, depending on the cost struc-
ture, possibly negative. Finally, when an Imitator

meets any other agent, the Imitator appropriates the
full value of the Innovator’s innovative activity with
only nominal cost (s). We assume that the Imitator
faces the lowest cost structure, such that c>r>z>s.
Table 3 describes this payoff structure.

The outcomes of this game again suggest multi-
ple equilibria (Figure 3). When mapped against time,
several stable asymptotic solutions (and several un-
stable solutions) emerge, ranging between 0 and 1.

The relevance of these models becomes apparent
when we consider how societies organize them-
selves over time, how institutional design contrib-
utes to determining these evolutionary processes,
and how the outcomes of these processes may or
may not be optimal.

Numerically, assuming r = 2 and s = ¥, the pay-
offs are as shown in Table 4.

Table 3: Payoff Matrix, Innovator/Adaptionist/Complementor/Imitator Game

Innovator Adaptionist Complementor Imitator
Innovator (v—c)/2 v 0
Adaptionist 0 (v-z2)/2 (v-2)/2 0
Complementor v—r (v-r1)/2 (v-r)/2 0
Imitator v-s v-r-s 0 0

Table 4: Numerical Payoff Matrix, Innovator/Adaptionist/Complementor/Imitator Game

Innovator Adaptionist Complementor Imitator
Innovator -1 3 3 0
Adaptionist 0 1 1 0
Complementor 1 Ya Ya 0
Imitator 2% Ya 0 0

Figure 3: Innovator/Adaptionist/Complementor/Imitator Game

62

Spielman



First, the models suggest that institutional design
is important. Given a set of n agents in a particular
game, any change in the payoff structures may
change the outcomes of the game. So, for instance, a
sufficiently enforced law against piracy might re-
duce the payoffs to Imitators regardless of whom
they interact with. Likewise, a sufficiently enforced
intellectual property rights regime might increase
the payoffs to Innovators with or without conse-
quence to Adaptionists’ payoffs, depending on the
nature of the regime. Institutional design, whether
the result of spontaneous emergence or of choices
made by system actors, necessarily influences the
nature and character of the system.

Second, the models suggest the importance of
change over time. Institutional design may sponta-
neously or consciously change as the system evolves
in a given direction. For instance, an innovation sys-
tem operating in a society that prioritizes the welfare
of Adaptionists such as small farmers may, in the
early years of agricultural modernization, choose to
limit the payoffs of being a private sector Innovator.
In the long run, however, the society may choose to
replace such policies with interventions that favor
the private Innovator by, say, reducing the crowd-
ing-out effects of public sector investment in agricul-
tural research, or by reallocating public research to a
basic/strategic function only. Changes in institu-
tional design over the long term necessarily influ-
ence the nature and character of the system.

Third, the models suggest that optimality is not a
necessary outcome of evolutionary processes. It
should be obvious that optimality does not necessar-
ily obtain from these models; rather, stability ob-
tains, and only under certain circumstances. Indeed,
it is difficult to identify conditions for optimality or
paths thereto in a dynamic innovation system that
evolves from market inefficiencies, endogeneity,

Discussion

Returning to the issues raised by Metcalf (2000), Ar-
nold and Bell (2001), Balzat and Hanusch (2004), and
Viotti (2002), it is worth discussing whether an inno-
vation systems approach can be constructively ap-
plied to the study of developing countries. If models
such as the one set forth above suggest that societies
and economies are organized differently, character-
ized by different sets of institutions, and evolve dif-
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serendipity, and non-market institutions, or from a
system that generates multiple equilibria and Pareto-
inferior outcomes. But where policies can be de-
signed to affect the evolutionary process of innova-
tion, then the trajectory of a system can potentially
be guided toward greater innovative output and
more favorable distributions of innovative rents and
social welfare.

Thus, the evolutionary models described above
suggest that public policy can play a role in trans-
forming an innovation system by changing the rules
of the game and by changing the sequence in which
the rules are applied. In effect, this implies that there
is a role for public policy beyond the correction of
imperfect markets as identified by neoclassical eco-
nomics (e.g., market power) and beyond the correc-
tion of imperfect institutions as identified by new
institutionalist economics (e.g., coordination fail-
ures). Rather, the role of public policy should be to
(a) enable an innovation system to remain flexible
and diverse enough to avoid becoming locked into a
single trajectory, (b) create incentives for innovative
activity, and (c) create institutions that respond to
and learn from the innovative process.

Finally, note that this model illustrates only one
possible set of agents, interactions, and outcomes in
an innovation system. Other models can be devel-
oped to describe any other set of relationships
formed around any other set of technologies and
institutions. This flexibility is what makes game
theoretic and population game models so useful in
analyzing complex systems. Still, the point here is
not to describe all possible agents, interactions, and
outcomes but to provide a model that helps illustrate
the complexities encountered when heterogeneous
actors behave strategically, and how their behavior
generates certain evolutionary outcomes within a
broad system.

ferently over time, then the argument against appli-
cation of the approach holds only if there is some
common characteristic across developing countries
that precludes the existence of either innovation
processes or a coherent system.

As noted earlier, one argument suggests that de-
veloping countries are not characterized by a unified
capitalist economy, which is considered a necessary
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condition for a functioning innovation system (and
the study thereof). But if this were true, then the in-
novation systems in OECD countries would have
long ago been hampered by the continued existence
of strongly socialist structures in many of these
countries. Moreover, there is sufficient evidence to
suggest that both capitalism and innovation are
flourishing in many developing countries.

Further, there is limited insight in the argument
that the study of developing countries should focus
on imitation and learning because they are techno-
logical laggards rather than creators of new knowl-
edge. As Arnold and Bell (2001) and Balzat and Ha-
nusch (2004) are quick to point out, innovation itself
is often a process of individual, organizational, and
societal learning, highlighted by activities such as
imitation, emulation, and replication. Thus, the in-
novation systems approach is just as relevant to the
study of technological laggards and how they adopt
existing knowledge as it is to the study of techno-
logical pioneers.

Finally, it can be argued that because innovation
takes many forms and derives from many sources,
its study can neither be limited to industry or manu-
facturing nor to industrialized, capitalist economies.

Conclusion

Implicit in all of these arguments is the fact that, by
its very definition, the innovation systems frame-
work has the capacity to analyze both the diversity
of socioeconomic institutions and the complexity of
relationships and interactions among heterogeneous
agents under different institutional scenarios. This
should open the door for greater study of innovation
systems in developing countries in all levels, sectors,
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Notes

1. A secondary Schumpeterian model, typical to more mature
firms and industries, obtains from the accumulation of innova-
tion and within-firm changes in the allocation of resources into
new products and processes (the “creative accumulation,” or
Schumpeter Mark II model).

2. Worth noting is the relative distance between the innovation
systems approach and new institutional economics (NIE). The
NIE approach provides insights into how agents engage in the
production, diffusion, and utilization of knowledge and technol-
ogy where markets fail or are otherwise incomplete. The innova-
tion systems approach, in contrast, emphasizes the study of
complex non-market characteristics (organizational characteris-
tics and capabilities, for example) as well as non-market interac-
tions (interactive learning processes and feedback loops, for in-
stance) and how they are embedded in systems and processes of
innovation (Lundvall et al., 2002). Despite different areas of em-

66

Schumpeter, J. A. [1934] 1961. The Theory of Economic
Development. An Inquiry into Profits, Capital, Credit,
Interest, and the Business Cycle. Reprint, Cambridge,
MA: Harvard University Press.

— — —. 1939. Business Cycles. A Theoretical, Historical, and
Statistical Analysis of the Capitalist Process. New York:
McGraw-Hill

Smith, A. [1776] 1993. An Inquiry into the Nature and
Causes of the Wealth of Nations. Reprint, New York:
Oxford University Press.

Viotti, E.B. 2002. National learning systems: a new ap-
proach on technological change in late industrializ-
ing economies and evidence from the cases of Brazil
and South Korea. Technological Forecasting and Social
Change 69(7): 653-680.

phasis, some leading authors in the innovation systems literature
contextualize their work using modes of analysis that are plainly
drawn from NIE perspectives. For instance, Metcalfe (1997) ex-
amines innovation systems in the context of nonclearing markets
for innovative activity; the influence of information asymme-
tries, property rights, appropriation externalities, indivisible
capital investments, and nonrival/nonexcludable (public) goods
in innovation markets; the effects of noneconomic forces such as
culture, history, and path dependency; and the necessity of tech-
nology policy in preserving certain market inefficiencies so as to
ensure greater innovative output.

3. The succession of models presented here is loosely based on
Andersen (2000). Several changes have been made to the defini-
tions of (and intuition behind) the agents’ characteristics, their
payoff structures and behavior, and their implications within an
evolutionary system.

Spielman
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