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The International Federation of Pharmaceutical Manufacturers and Associations (IFPMA) asked Charles River Associates (CRA) to investigate the conditions necessary
to encourage innovation in middle-income countries. Ultimately, the purpose of this
project is to evaluate the policies of host governments that encourage investment in
innovative activities and the implications for future innovation policy.1
The report focuses on eight case study countries (Brazil, China, Colombia, India, Malaysia, Russia, South Africa and South Korea). The case studies were chosen using a number
of criteria. Firstly, we selected countries from different geographic regions, focusing on
those that had been most successful in developing innovative activities to date in their
region. Secondly, we chose countries that illustrate a range of different policy approaches. Thirdly, we chose a mix of countries with a long-standing objective of developing an
innovative industry as well as countries that had only relatively recently embarked on
this. Finally, we included South Korea as a basis of comparison, which was a middleincome country when it instigated its programme to encourage pharmaceutical innovation and provides a longer term perspective on what is achievable.
In addition, to reviewing the existing academic literature and government sources, we
undertook 25 interviews with government officials, academics, industry trade associations and individual companies.
Innovation in middle-income countries: Success to date and the
global context

We use a broad definition of innovation: A multiphased process, beginning with labbased research leading to patentable inventions, moving into the stages of clinical
research, which are then translated into safe, effective and commercially viable products from which society gains a benefit in terms of improved health.
We can measure innovation in terms of the inputs (for example, investment or number
of people employed in different activities) or in terms of outputs (patents, products in
development or products ultimately commercialised). Although there is a wide range
of circumstances of the countries under consideration, there has clearly been considerable progress in all of the case study countries in developing some elements of
innovative activity in the biopharmaceutical industry over the last decade. However,
the extent of progress varies significantly:
•

In China, South Korea, Brazil and Russia, overall spending on R&D for medicines has increased dramatically over the last decade while in others it is growing more slowly.

•

There has been a significant increase in the number of clinical trials occurring
in China (undertaken to a significant extent through the development of contract research organisations) and South Korea. In other markets in our set of

1

This is complementary to existing IFPMA research investigating the environment that is necessary to encourage
investment in innovation for developing countries. Perez, M., Chu, R., Torstensson, D., Consilium, P., “Assembling
the pharmaceutical R&D puzzle for needs in the developing world: An assessment of new and proposed delinking
initiatives aimed at encouraging R&D into neglected and tropical diseases and specific Type II diseases” A report
for IFPMA, May 2012.
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case studies, the number of clinical trials is significant but appears to be declining or steady—for example. South Africa and Russia. In terms of the types of trial,
only China, South Korea and India have a significant proportion (over 10%) of
Phase I trials.
•

Over the last 10 years we have seen increased investment in early stage research,
but this is focused on a few more advanced middle-income markets, particularly
China. This is also supported by the clear increase in publications by researchers in this market and in terms of patents. This again shows the dramatic performance of China but also more gradual progress in a number of other markets such
as South Korea, India and Brazil.

Overall, as illustrated in Figure 1, there has been some progress in the level of innovative activity in all of the case study countries. There has been significant progress
made in China and, to a lesser extent, in Brazil and India.

Figure 1: Relative performance of the case study countries
Innovation
indicators
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Source: CRA analysis.

Ultimately, of course, the success of middle-income government strategies to incentivise local innovative activities should be judged on the outputs. It is difficult to allocate medicines developed by the international industry to particular markets. So any
analysis tends to focus on those developed by domestic industry. Incremental innovation, tailoring medicines for the local markets in middle-income countries, is clearly
common, with a significant number of products developed in India and China, and
there are a significant number of innovative products in Phases II and III. However,
although there have been a few commercialised novel medicines developed indigenously in some case study countries (South Korea, China and India), there are no
international blockbuster drugs from the case study countries.
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Nevertheless, in addition to the medicines, by participating in the range of innovative activities described above there are likely to be a range of additional benefits in the long term:
•

Clinical research contracts can provide valuable extra funds for leading hospitals
and help to sustain a nucleus of experienced researchers in such centres;

•

The infrastructure to participate in clinical research brings benefits directly to
patients and should bring medicines to market more quickly;

•

Undertaking later phases of development can provide the platform from which
domestic or international companies establish networks to undertake the full
range of R&D activities within the middle-income country; and

•

For large middle-income countries this might open up the possibility of developing
new treatments for diseases that are a high priority in that country, or on a regional
basis in Asia or Latin America, which may be economically viable without being
dependent on the US and European markets for commercialisation revenues.

Therefore, although it is common to discuss the progress that middle-income markets
are making in terms of pharmaceutical innovation, in reality, the pattern differs considerably from country to country.
Lessons from the application of innovation policy in the case
studies 2

From the experience of the eight case studies we can draw a number of lessons regarding the key factors that can successfully encourage domestic innovative activity.
To develop innovative activity (particularly early stage research), governments must
have a consistent long-term policy that is implemented effectively

2

A complete version of the case studies can be accessed through CRA’s website. www.crai.com
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The innovative process is long and difficult to predict. It takes about 10 to 12 years
from proof of concept to global commercialisation. Investment in early stage research
is not a linear process, and so it is difficult to assign clear time frames or costs to the
patented inventions which come out of it. Given the unpredictable timings and the
significant costs associated with establishing new research centres, it is unsurprising
that decisions regarding the location of research facilities are not taken very often and
are important strategic decisions. Indeed, decisions on new investments are likely to
be even more difficult, given the ongoing trend to consolidate research and development sites. Examining the location of R&D hubs, the great majority of international
R&D sites continue to be in the US and Europe, but the importance of China has increased dramatically as illustrated in Figure 2.

Figure 2: Location of R&D hubs by international pharmaceutical companies
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Source: CRA analysis based on public information of IFPMA members. Out of the 27 members, we collected data on the location of
R&D centres for 20 companies as of August 2012.

Turning to clinical trials activity, these are often made up of a series of trials being
undertaken in many locations globally, so we might expect greater flexibility on the location of clinical trials activity. Middle-income countries host 15% of the clinical trials
(Figure 3). Of the middle-income case study countries, China and Brazil have had the
highest number of clinical trials to date. However, clinical trials constitute the most
expensive part of the drug development process and can themselves take six to eight
years. Therefore, it is unsurprising that we only see gradual changes in the location of
clinical trials over time.
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Figure 3: Total number of clinical trials conducted in middle and high-income
countries to date
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Source: CRA analysis and www.clinicaltrials.gov. NB: South Korea is excluded due to its status as a high-income country.

This is also consistent with all the case study countries having a long-term policy on
developing innovation in the pharmaceutical industry (as illustrated in Figure 4). This
is seen as an important signal regarding the future environment for innovation.

Figure 4: National innovation strategies
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**Amendments to the programme were proposed due to budget concerns.
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These policies also need to be long term due to changes in capabilities and the time it
takes to build them. For example, there is clearly a long-term trend placing more value
on graduates in biological sciences and relatively less on those in chemistry, which
needs to be reflected in the education system.
It is difficult at this stage to draw strong conclusions about which of these plans have
worked most successfully. Given how recent some of these plans are, it should be no
surprise that there are few tangible outputs from these programmes as yet. For example, the Russian programme was only approved in 2009, while India will have its
first innovation policy in 2013. In contrast, the much more established programmes in
South Korea have resulted in at least 16 new medicines, although even here they have
not been successful on the international market.
It is also clear that the most pressing priority in terms of a biopharma industrial strategy of some countries is their trade balance on pharmaceuticals and their desire for
self-sufficiency in particular therapy areas. This is leading to policies favouring domestic manufacturing (Russia seems to be the most extreme example of this). This has
resulted in a transfer of manufacturing in some cases and considerable investment in
facilities to synthesise and manufacture medicines in others. However, we found little
evidence that this has any direct benefits in developing an innovative industry.
The capabilities to undertake different parts of the pharmaceutical industry value chain
are different and hence so are the policy priorities
Early stage research and preclinical research needs the best academic and research capabilities. In every interview with companies considering investment, ‘talent’ was the central justification. Although talent can be recruited to a location, a world-class institution or
research group was seen as the essential building block in developing this capability. To
be effective academia needs a culture of collaborating with private companies that would
inevitably be involved in the development of the medicine. This culture takes time to develop and is lacking in the majority of the countries included in the analysis.
Clinical development relies on considerable expertise and experience to manage and
supervise trials to international standards. The motivation for undertaking these trials
is greatly increased if the product is intended to be marketed in the same country and
local evidence and clinical support is important in its appraisal. Undertaking large international trials efficiently is clearly a prerequisite for late-stage clinical development;
therefore large populations with a relevant demographic mix is clearly advantageous.
Although not part of the definition of innovation above, the term ‘innovation’ in some of the
case study countries includes ‘process innovation’. Process innovation focuses on optimising the manufacturing output of the industry. Historically, this has focused on engineering and chemistry-based skills required to re-engineer and design the production process.
There are clearly benefits from this being located close to manufacturing processes. The capabilities to undertake process innovation or manufacturing differ significantly from those
required to encourage basic research and preclinical research or for clinical trials.
Manufacturing capabilities are not necessary to develop successful innovative activity. Process innovation, drug development and early stage research may share some
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common factors related to reliable infrastructure, and many counties historically undertook all of these activities; however, based on our case studies, developing an innovative industry does not require the country to undertake all of these activities, and
they should not be seen as necessary steps to developing an innovative industry.
The policy priorities should therefore depend on the types of innovative activity that
the country is trying to encourage:
•

Early stage research requires world-class institutions for research, clusters of innovative companies providing support on core technologies (high throughput
screening, gene sequencing, etc.), highly trained workforce (retained or attracted
back to the country) and an environment that encourages partnership;

•

Clinical trials require efficient regulatory system for appraising clinical trials design, a supportive and well-regulated system for enrolment and strong medical
schools and clinicians for designing, managing and reporting trials design.

There needs to be coordination between industrial and health policy
When discussing innovation with policymakers and companies, there is much discussion of whether they should focus on innovation for the global market or innovation
for the domestic market. Case study countries differ considerably in terms of whether
they are focusing on global diseases (diabetes, cancer, cardiovascular) or diseases
that are more prevalent in their markets. For example, South Africa focuses on TB and
hepatitis and Brazil focuses on some neglected diseases, whilst India and China focus
primarily on global diseases and opportunities. Clearly, if there is a focus on ‘domestic’ diseases, the importance of confidence regarding the ultimate purchase of these
medicines in the country is vitally important.
For some activities, the location of activities (particularly clinical trials) is clearly important in the assessment of the medicine. All countries would prefer evidence from
clinical trials based on patients with the same characteristics of the local population and to involve local clinical experts. Therefore it is inevitable that the purchase
of medicines indirectly affects the location of clinical trials. The larger the domestic
market opportunity, the more attractive it is to undertake clinical trials activity in
such markets. This is particularly the case for late-stage clinical trials.
For early stage research it is often argued that the ultimate purchase by the domestic
market is less important; however, even for early stage research, the certainty regarding the environment is likely to be higher if the country values the innovative output,
and this will benefit their citizens. This is particularly important if public funding is
involved in supporting the research. Therefore, a coordinated policy encompassing
industrial and health policy is needed to support domestic innovation.
Intellectual property is a necessary but not sufficient condition for developing indigenous research and to develop a domestic innovative industry
The present innovation model is critically dependent upon patents as a basis for obtaining a reward for all of those who invest in different ways at different stages of the
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innovation process. The location of basic research and preclinical research depends
on the intellectual property regime in the country. Both international and domestic
companies will only invest in the risky research process if it is possible to protect the
intellectual property of these investments. Based on the interviews, policymakers reported that confidence in their IP regime was crucial and robust IP rules could represent a key competitive advantage to encourage domestic innovative activity.
International companies would only invest in research in locations with sufficiently
strong IP. This is one of the reasons that China has been relatively more successful at
attracting inward investment in research (relative to India—where product patents
were only recognised in 2005 and whose IP regime is perceived as less strong by international companies). For domestic innovators more heavily reliant on rewards from
their domestic marketplace, the importance of IP is even greater.
To a lesser extent the decision regarding the location of clinical trials depends on the
protection during the trial process. The overall IP protection plays a role in prioritizing clinical trial sites, since all else equal companies would rather conduct trials in
countries that would honour their patents.
Therefore, based on our interviews, if the objective is to develop an innovative biopharmaceutical industry (either by domestic companies or investment by international companies), intellectual property is a necessary building block.
Sustainable innovation requires coordination between public, private and academic sectors
The case studies illustrate that once the basic infrastructure is developed, public investment in R&D is not enough to ensure a sustainable innovative industry. Partnership is vital for encouraging early stage research. For clinical research, partnerships
appear to develop with less government involvement. In particular, market forces
seem to be primarily responsible for the development of domestic Clinical Research
Organizations (CROs) and their success in attracting clinical trials. The reasons why
the presence of the private sector in the process of innovation is vital are twofold:
•

First, innovative activities require a large amount of capital. Even with the large
increases in public investment in the case study countries, partnership with private enterprises is vital for the product to be successfully commercialised. Indeed,
we found that innovative activity in South Korea only developed when private investment was encouraged.

•

Second, the skills required to undertake world-class drug discovery and development
are different. This is most efficient and successful when both public and private institutions work together. This needs appropriate rules for academia: both allowing them
to work with private companies and providing an incentive to do so and freedom for
international and domestic companies to work together (particularly as the business
model is increasingly fragmented). China seems to be successfully encouraging inward investment and partnerships between domestic and international businesses.
This is commonly based around world-leading research institutes (supported by government). Based on interviews, this is clearly an area that needs additional policy development in some markets (for example, in South Africa and Brazil).
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The global industry has played a significant role over the last 10 years, perhaps partly
in response to the slower growth in its core business in Western markets. It has adopted a very strong and positive approach to engaging with middle-income markets
(particularly China) and investing not only in local marketing affiliates, but also in
partnering with the emerging university and government research institute fraternity and, in quite a few cases, with establishing their own self-standing corporate
research centres.
The changing global business model is bringing new opportunities for middle-income
markets
The transition in the innovative pharmaceutical business models brings with it both
challenges and greater opportunities for middle-income countries:
•

Developing product portfolios to penetrate growing markets: The stagnation of the
pharmaceutical market in the West has created a need to look toward middleincome markets for additional revenue, which is translating to a greater need to
conduct clinical trial activities in those markets for marketing approval.

•

The biologic and biosimilars opportunity: New research is increasingly focused
on biologic medicines, which require different skills and capabilities. This is
likely to be beneficial for some middle-income markets that have the skills
and appropriate experience; in others, this is likely to represent some additional hurdles.

•

Offshoring and outsourcing the value chain: It has become standard practice for
companies to relocate their manufacturing facilities to markets where the cost of
production is lower. The industry is increasingly experienced in managing complex interactions between different suppliers conducting early stage research and
clinical trials. As middle-income countries develop the capability to undertake
these activities, this can only increase their opportunity to participate in innovative activities.

Rankings the factors that determines the location of innovative activity
Finally, to test the factors that were most important from an industry perspective, we
asked the companies involved in the interview programme to rank the factors they
would consider when choosing the location of research facilities. Figure 5 shows our
findings. Indeed, all the companies interviewed pointed out that scientific capabilities
(whether managing clinical trials programmes or undertaking early stage research in
combination with leading research institutes) were the most important determinant
of innovative investments. However, other important factors included intellectual
property protection as well as the consistency of industrial and health policies. Low
labour costs were not as big a factor in developing innovative activities (whether locally or from attracting international investment).

Charles River Associates
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Figure 5: Relative importance of factors affecting innovative activities
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•
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•
•
•

A sound basic educational system
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Market structures which facilitate effective and efficient diffusion of innovative
medicines
Investment by domestic government

•
•

Access to international markets
Low labour costs

Source: CRA interviews with nine international pharmaceutical companies

Conclusions

Our conclusions can be grouped together under three headings:
•

Participation: All middle-income countries covered in our case studies are investing in bioscience strategies, but inevitably the scale of investment reflects national resources. The continuing globalisation and disaggregation of the innovation
process should make it much easier for middle-income countries to increase their
share of both public and private investment in both basic and clinical research on
a piecemeal basis.

•

Innovation policy: There is a very different opportunity depending on whether we are
considering China, Brazil and India, or smaller markets such as Colombia and Malaysia. The policies need to be tailored to the countries situation. Not all countries have
the market size or even the population that will encourage large-scale clinical trials. It
takes considerable time and investment to build up international standards research
centres that are necessary for early stage research. Therefore a staged and targeted
programme should be developed that builds capabilities over time in activities where
the country can compete internationally. For middle-income countries to advance
their participation in key facets of the innovation process, there are further improvements that will be needed in these countries’ national regulatory frameworks to conform with generally accepted standards across developed markets.

•

Rewards: The combination of public and private inward investments over the
past decade in South Korea and China, and to a lesser degree in India and Brazil,
has greatly upgraded their domestic capabilities in basic and clinical research.
There is every reason to believe, subject to further improvements in the regulatory
frameworks, that this partnership will continue to flourish. From a national perspective, therefore, the first obvious payoff for past investments are these assets,
which with appropriate support from sound government policies going forward
can be leveraged for decades to come to underpin competitive positions in the
broader context of the globalisation of innovation.
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To develop the range of innovative activities from basic research to clinical development a jigsaw of policies are needed (as illustrated in Table 1). This will take considerable time, and key components are to have a consistent policy framework, a coordinated industrial and health policy, strong intellectual property and an environment
that encourages partnership between the different stakeholders.

Table 1: Summary of the main lessons and select examples from case studies
Main lessons

Illustrative examples from the case studies

Governments must have
South Korea demonstrates the value of consistently placing priority
a consistent long-term
on developing a biotechnology industry, initially by investing in basic
policy that is implemented research and then through policies to encourage commercialisation.
effectively to develop early Other countries that have long-term policies but inconsistent
stage innovative activity
implementation have not been as successful.
The capabilities to
undertake different parts
of the pharmaceutical
industry value chain are
different, and hence so are
the policy priorities

The medical infrastructure, population and requirements to serve local
markets are driving clinical trial activity in India, Brazil and Russia.
The strength of the academic research centres and developing
clusters in China and South Korea are seen as key to encouraging
early stage research.

The link between the growing market opportunity and the
government’s objective of developing an innovative sector is working
There needs to be
coordination between
to make China a key location for innovation.
industrial and health policy South Africa is increasingly recognising within the government agencies
that purchasing strategy needs to be aligned to industrial strategy.
Intellectual property
is a necessary but not
sufficient condition for
developing indigenous
research and to develop
a domestic innovative
industry

Most policymakers reported that the IP system was an asset to
encouraging domestic innovative activity. Changes in the IP system in
Brazil was seen as significant in setting the foundation for innovative
activity.

Sustainable innovation
requires coordination
between public, private
and academic sectors

Innovative activity in South Korea only developed when private
investment was encouraged. South Africa and Brazil have
recognised the need to encourage partnership between academia,
public research institutes and innovating private companies. In China
there are successful examples of public and academic capabilities
(e.g., the Beijing Genomics Institute) supporting private innovation.

The changing global
The advantages of outsourcing in India, refocusing on growth in
business model is bringing
China and the opportunities to develop biosimilar competitors in
new opportunities for
Brazil demonstrate the increased opportunities.
middle-income markets
Source: CRA analysis
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The International Federation of Pharmaceutical Manufacturers and Associations (IFPMA) asked Charles River Associates (CRA) to develop evidence on the conditions
necessary to encourage investment in innovation in middle-income countries.3 The
objectives are to:
•

Build on existing research, including IFPMA’s research investigating the environment that is necessary to encourage investment in innovation for developing
countries4 and the importance of particular drivers, such as technology transfer,
by analysing the policies that encourage innovation in middle-income countries;5

•

Review the lessons from case study countries regarding the policies adopted in
middle-income to encourage investment in innovation;

•

Investigate if there is a correlation between innovation and different policy approaches; and

•

Set out the implications for innovation policy in middle-income countries.

1.1. What is innovation and what do we mean by innovation
policy?
The word innovation offers considerable scope for alternative interpretations.6 We define innovation as follows:
•

Innovation is a multiphased process, beginning with lab-based research and leading
to patentable inventions before moving into the different stages of clinical research.

•

This is then translated in to safe, effective and commercially viable products from
which society gains a benefit in terms of improved health.

Innovation can therefore be measured by looking at innovative activities or the output
of innovation.
Innovative activity

Innovative activity is typically divided into basic research (sometimes described as
drug discovery), preclinical research, clinical trials (which themselves are divided

3

As defined by the World Bank, middle-income countries have gross national income per capita in 2011 greater than
$1,026 and below $12,475. They differentiate between upper ($4,036–$12,475) and lower middle-incomes countries
($1,026–$4,035).

4

M. Perez, R. Chu, D. Torstensson, P. Consilium, ‘Assembling the Pharmaceutical R&D Puzzle for Needs in the Developing World: An Assessment of New and Proposed Delinking Initiatives Aimed at Encouraging R&D into Neglected and Tropical Diseases and Specific Type II Diseases’, a report for IFPMA, May 2012.

5

IFPMA, ‘Technology Transfer: A Collaborative Approach to Improve Global Health. The Research-Based Pharmaceutical Industry Experience’, 2011.

6

To illustrate, consider the following three definitions: Innovation is the process of discovering something that is
both new and potentially useful; innovation is the process of discovering something new and developing it into a
saleable product or service; and innovation is a cyclical economic process, whereby innovators discover, develop
and commercialise new products or services and gain sufficient returns on their investments to reinvest in continued R&D. All three definitions are commonly used, although the first definition above, strictly speaking, refers
to ‘invention’. According to Schumpeter, ‘the making of the invention and the carrying out of the corresponding
innovation are, economically and sociologically, two entirely different things’.
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into three phases, I to III), registration and Phase IV or post-registration trials (as illustrated in Figure 6). We refer to basic research and preclinical trials collectively as
early stage research throughout the report.

Figure 6: Type of innovative activity and the key participants

Stage 1:
Basic research

Main
Activities

Basic exploratory
research to identify
targets, initial
research on new
compounds carried
in the laboratory

Stage 2:
Preclinical
Focused on testing
safety of medicines
pharmacodynamics, pharmacokinetics and toxicity
testing prior to
testing on humans

Stage 3:
Clinical Trials
Includes undertaking
clinical trials and other
experiments to demonstrate the safety and
efficacy of a product.
Clinical development and
human trials cover a range
of trials of increasing
scope and size

Stage 4:
Registration

Stage 5:
Phase IV

If results of Stage 3
are satisfactory, a
regulatory dossier is
presented to the
regulatory
authorities for
approval

Post-marketing
studies involving a
large number of
patients are
initiated after
launch to identify
any unforeseen
side effects

Early stage research encompasses basic
research and pre-clinical research. This
includes drug discovery to compound
screening, identification and development of
robust production processes.

Stakeholder
involved

Duration

Universities, SMEs
and pharmaceutical
company

4-6 years

SMEs
and pharmaceutical company

CROs and
pharmaceutical
company

Pharmaceutical company

Pharmaceutical
company

1 year

4-6.5 years

1-2 years

Several years

Source: Adapted from IFPMA, ‘The Pharmaceutical Innovation Platform: Meeting Essential Global Health Needs’, 2007. SMEs: Small
Medium Enterprises; CROs: Clinical Research Organisations

The different activities and the stakeholders involved are illustrated in Figure 6. It is
important to note that for innovation to be successful, these need to be effectively and
efficiently coordinated to bring all of the R&D results together to produce a standard
dossier to apply for product licences, and for the products to be successfully commercialised across world markets.
Finally, the focus is on the types of activity rather than who is undertaking them. In
other words, we are looking at innovative activity that occurs in particular markets independent of whether this is undertaken by international pharmaceutical companies,
domestic pharmaceutical companies or within publicly owned facilities.
Innovative outputs

Considering the outputs of the innovative process, it is also important to recognise
that there are different types of innovation. Innovation is often classified as revolutionary, radical or incremental.7 Figure 7 shows the types of biopharmaceutical innovation. The term ‘revolutionary’ innovations’ can be used to describe major conceptual advances, such as the identification of microbes and classes of anti-infection
agents. A new understanding of a disease mechanism and a new mode of action that
7

18

This was first proposed by C. Freeman, The Economics of Industrial Innovation (London: Frances Pinter, 1982).
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interferes with the disease process at a molecular level can be described by the term
‘radical’ innovation.’ However, closely related molecules with different attributes that
may offer significant value in treating particular disease variants or patient segments
can be referred to as ‘incremental’ innovation. This project is intended to cover the
spectrum from incremental to revolutionary.

Figure 7: Types of pharmaceutical innovations

Radical

Incremental

Revolutionary

Observed types of biopharmaceutical innovations
New
products
in a class or
formulations

New
chemical or
biological
entities

Process
innovation

New disease
mechanisms and
families of closely
related chemical or
biological products

Major therapeutic
models e.g.
anti-infective based
on biotechnology

New or significantly improved production or
delivery method

Source: CRA based on C. Freeman, The Economics of Industrial Innovation (London: Frances Pinter, 1982)

This report focuses on product innovation. Innovation can also occur in manufacturing or production process. Re-engineering the production process can improve efficiency and reduce costs (or raise quality). This is often referred to as process innovation.
We can observe a range of outputs: intermediate outputs such as the number of publications, patents that have been filed, the products going through different phases of
development, or the number of products registered and ultimately commercialised.8
Innovation policy

The objective of this project is to understand the policies that encourage innovative activity in middle-income markets. There is a broad consensus on the positive contribution that investment in innovation to create better modern medicines can make to the
treatment of both infectious and non-communicable diseases (NCD’s) and thereby to
global social and economic progress. It is widely recognised that social returns to innovation exceed the private returns through:
•

Direct benefits to patients and society: Innovation creates new medicines and treatments that are valuable for patients, extending lives, improving quality of life and
meeting unmet needs. It is therefore often of equal concern regarding health policy.

8

For innovation to be valuable, it is important that is diffused and available within society. As set out in the World
Bank report on innovation policy, ‘Innovation means technologies or practices that are new to a given society. They
are not necessarily new in absolute terms. These technologies or practices are being diffused in that economy or
society. This point is important: what is not disseminated and used is not an innovation. Dissemination is very
significant and requires particular attention in low- and medium-income countries’, ‘Innovation Policy: A Guide
for Developing Countries’, World Bank, 2010.
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•

Playing an important role in the economic and social development of countries: It
is closely associated with economic growth as it helps improve productivity and
competiveness creating jobs as a vehicle for developing exports. It is therefore often associated to industrial policy.

Innovation policy therefore is multifaceted and complex, involving many different
government departments and agencies. These include departments responsible
for the economy, sciences and technology and industry as well as departments
of health. Often agencies are used to allocate and monitor government spending, and the state may even participate through public laboratories and public research institutes.
Innovation policy encompasses a wide range of types of policy.9 It is widely accepted
that policies to encourage innovation need to reflect ‘technology push’ (advances in
knowledge and their applications) or ‘market pull’ (social or economic market opportunities incentivising innovation).10 Innovation policy has recently been reviewed in a
report commissioned by the Battelle Technology Partnership Practice.11,12 The report
finds that innovation policies in middle-income markets are largely aimed at building
the type of scientific infrastructure found in the US and are focused on developing or
improving the following areas:
•

Building R&D excellence and accelerating commercialisation of research: This is
usually done through developing regional industry clusters, encouraging and
raising the quality of R&D through public investment and encouraging private
investment and enhancing private and public collaboration.

•

Attracting, retaining and developing scientific talent: This includes programmes
that encourage students to study math, science and engineering as well as incentives to attract and retain world-class researchers and scientists.

•

Ensuring access to financial capital for companies: This includes private investment in investment funds and companies, especially in innovative, technologybased companies.

While Battelle provides a comprehensive overview of the policies used by these 18
countries to encourage innovation in the biopharmaceutical sector, it does not draw
conclusions as to which factors are important.

9

We used a wide definition of innovation policy, including polices by which the government supports the innovators by providing appropriate financial and other measures, removes regulatory, institutional, or competitive
obstacles to innovation and by strengthening the knowledge base through investment in education and research.
This is consistent with World Bank, ‘Innovation Policy: A Guide for Developing Countries’, The World Bank, 2010.

10

Success is highly dependent on effectively coupling these two forces. J. Tidd, J. Bessant, and K. Pavitt, Managing
Innovation: Integrating Technological, Market and Organizational Change, 3rdedition (Wiley, 2005).

11

Battelle examines the policies and programs of 18 countries (developed and developing) to encourage growth of
and innovation in the biopharmaceutical sector. Battelle Technology Partnership Practice, ‘The Biopharmaceutical Research and Development Enterprise: Growth Platform for Economies around the World’, PhRMA, May 2012.

12

The countries included in the report are: Australia, Brazil, Canada, Chile, China, France, Germany, Ireland, Israel,
Italy, Japan, Russia, Saudi Arabia, Singapore, South Africa, South Korea, Sweden and United Kingdom.
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1.2. Existing studies examining the globalisation of R&D
The globalisation of the pharmaceutical industry is not a new phenomenon.13 Since
the 1990’s, leading US, Swiss, German, UK and Japanese companies recognised that
as the costs and timescales of product development continued to escalate and market life cycles were shortened by generic competition, it was only possible to sustain
a viable business model through globalisation. Leading EU companies established
research centres in the US, and leading US companies established them in Europe.
Similarly, manufacturing of active ingredients was increasingly located in countries
that offered the best combination of skilled labour, low operating costs and fiscal incentives, notably Puerto Rico, Ireland and Singapore.
As competition between national governments to attract and retain the location
of high technology industry investment in their country has sharpened in recent
years, and industries, like the pharmaceutical sector, are under pressure to extend their global reach for revenues and seek further cost efficiencies, it is not
surprising that both parties are continually interacting to explore new investment opportunities. In this context the rapid economic growth and improved accessibility of many middle-income countries has brought them within the scope
of this process. The increasing role of middle-income countries has been widely
reported:
•

This is particularly focused on more routine activities involved in product development, such as compound synthesis, preclinical toxicity tests and data processing.14

•

There has also been a notable shift in the location of clinical research activities on
a global basis.15 Some companies are currently conducting over 50% of their ongoing clinical studies in lower-cost and emerging markets, and this proportion may
well rise further.16

•

Over the last five years, we have observed a number of significant investments in
early stage R&D facilities in middle-income markets.17

It should not be surprising, therefore, that there is a vast academic literature on the
location and the implications for government policy, and this has increasingly focused on the factors explaining the location of innovative activities in middle-income markets.18

13

Oliver Gassmann, Gerrit Reepmeyer and Maximilian von Zedtwitz, Leading Pharmaceutical Innovation: Trends
and Drivers for Growth in the Pharmaceutical Industry, 2nd ed. (Springer, 2008), chapters 2, 4, and 5.

14	Y. Friedman, ‘Location of Pharmaceutical Innovation: 2000–2009’, Nature Reviews Drug Discovery 9 (December
2010): 835–836.
15

Berndt et al., ‘The Globalisation of Clinical Trials for New Medicines into Emerging Markets: Where Are They Going
and Why?’ Paper presented at the UNU-MERIT Conference, Maastricht, June 2007. Berndt et al., ‘Trends in the Globalisation of Clinical Trials,’ Nature Reviews Drug Discovery (November 2007), accessed at doi:10.1038/nrd2441.

16

Kenneth I. Kaitin, ‘The Landscape for Pharmaceutical Innovation: Drivers of Cost-Effective Clinical Research’,
Pharm Outsourcing (May-June 2010): 3605.

17

N. Kiriyama, ‘Trade and Innovation: Pharmaceuticals’, OECD Trade Policy Working Papers, No. 113, OECD Publishing, 2011.

18

We focus on the literature that is concerned specifically with the biopharmaceutical industry. There is a large literature on innovation policy in general. See, for example, J.E. Aubert, ‘Promoting Innovation in Developing Countries: A Conceptual Framework’, World Bank Institute, July 2004; or World Bank, ‘Innovation Policy: A Guide for
Developing Countries’, The World Bank, 2010.
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One of the most relevant studies was undertaken by Cockburn (2008).19 Cockburn
identified the trends in the location of innovative activity and the increasing importance of middle-income markets, finding that “the available evidence suggests that
emerging countries are playing a rapidly growing role in the global research effort,
albeit currently very small compared to the scale of activity in the United States and
Europe. Cockburn identified a number of factors that influence biopharmaceutical
companies’ R&D location decisions:
•

Structural change in the industry, creating opportunities for collaboration and
markets for specialised skills and services;

•

Trends in the world economy that are driving globalisation of many industries,
including factors such as improvements in communication technologies, greater
international mobility of labour and capital, accumulation of human capital and
business infrastructure in low-cost emerging economies, and

•

Harmonisation of IP rules following the TRIPS agreement.

However, Cockburn concludes that the trend is only relatively gradually likely to
continue. He identified limits to the types of activity that are likely to be relocated
outside the industry’s traditional locations. Substantial offshoring of R&D activities
is most likely to occur where the research activity is relatively routine, uses large
amounts of relatively low-skilled labour and does not need to be tightly integrated
or co-located with other R&D activities. In particular, large-scale, late-stage clinical
trials are the area where he expected the most activity in middle-income markets.
Other aspects of the innovation process, he concluded, are much less likely to relocate to low-cost locations. For example, decisions about where to locate scienceintensive drug discovery appear to be much less sensitive to labour costs and may
be driven primarily by factors such as proximity to leading-edge academic research
and ‘cluster’ externalities. Substantial geographic redistribution of core R&D effort
in this industry therefore seems likely to occur only if and when these offshore locations develop their own critical mass of academic biomedical science and supporting complementary infrastructure.
A more recent study by Sampath agrees with Cockburn that there are a number
of barriers to innovative activity being undertaken in middle-income markets.
Sampath identifies areas specific to biopharmaceutical innovation that are lacking in low- and middle-income countries. 20 Such countries generally lack the
human capital, institutional frameworks, infrastructure and capacity for R&D
that is necessary for biopharmaceutical innovation. There is also an inadequate
private sector and inadequate public-private linkages necessary for the commercialisation of ideas. Lastly, there is a lack of coherence between health and
innovation policy.

19

I. Cockburn, ‘Pharmaceuticals,’ in Innovation in Global Industries: US Firms Competing in a New World (Collected
Studies), Jeffrey T. Macher and David C. Mowery, eds. (National Academies Press, 2008).

20

P.G. Sampath, ‘Creating Environments That Support Research and Innovation’, 2012, available at http://www.
forum2012.org/wp-content/uploads/2011/05/%E2%80%9CCreating-Environments-that-Support-Research-andInnovation.%E2%80%9D-Padmashree-Gehl-Sampath.pdf.
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However, other studies (Wadhwa et al.) are more much confident regarding the speed
at which innovative activities will be undertaken in middle-income markets.21 They
identify cost pressures and the need to tap global talent as well as growth opportunities in middle-income market as the main drivers encouraging international pharmaceutical companies to shift clinical-trial work to India and China. They identify both
countries as becoming major partners in preclinical and clinical testing. Although,
recognising that it is too early to judge the success of domestic industry, they note that
the early progress is promising. Several companies, such as domestic companies have
achieved significant development milestones with new chemical entities.
Indeed, the high level of growth in publications and in the number of highly trained
graduates is taken as evidence that it is inevitable that middle-income markets will
progressively command a larger share of global R&D.22 The significant increase in the
number of patents per head of population is seen as strong evidence. Speculating over
the next five years, they see progress being made by India and China, gradually in the
case of India but a step-change in the case of China’s performance. They conclude,
‘Short of some unforeseen world cataclysm, the trends [regarding globalisation] look
unstoppable. The new reality of global innovation presents companies with unprecedented opportunities to tap into the comparative advantages of nations, regions, companies and scientific institutions around the world’.
The aim of our report is to build on this literature, looking at recent evidence on the
performance of middle-income countries to encourage innovative activity, and to
attempt to determine which factors are most important and the policy implications
that follow from this.

1.3. Methodology
The report is based upon a combination of an assessment of the most recent literature, in the form of government reports and academic studies, an examination of individual country case studies and interviews with stakeholders. Specifically, we have
undertaken:
•

A literature review: Here we focused on the recent academic literature and government reports.

•

Eight case studies of how innovation policy is encouraging innovation: This includes
upper middle-income and lower middle-income countries. We focus on whether
they have succeeded in attracting innovative activity and the degree to which this
has been encouraged by existing policy initiatives.23

•

A statistical analysis: This includes a broader set of countries and tests whether measures reflecting innovation are related to different policy instruments (or their proxies).

21	Vivek Wadhwa et al., ‘The Globalisation of Innovation: Pharmaceuticals: Can India and China Cure the Global
Pharmaceutical Market?’
22

Tomasz Mroczkowski, New Players in Life Sciences Innovation: The Best Practices in R&D from around the World,
(London: FT Press, 2011).

23

A complete version of the case studies can be accessed through CRA’s website. www.crai.com
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The objective of each of these analyses was to illustrate how different combinations of
factors have contributed to encouraging innovation and their relative importance in
these markets, while also highlighting the factors that have constrained innovation.
Drawing on this, we set out our conclusions regarding the policy implications.
1.3.1.

Choice of case studies

The objective of this report is to focus on middle-income countries. Although
some low-income countries have the potential and a strong incentive to participate in scientific and collaborative clinical ventures for developing and testing
new drug interventions (particularly for those infectious diseases that are particularly damaging to their national economic and social progress), they are not
included in this analysis.
We selected eight countries to examine in greater detail (Brazil, Colombia, China,
India, Malaysia, Russia, South Africa and South Korea). Although accepting that
eight case studies can only provide a very partial and selective view of the diverse
situation in different countries, these were chosen in order to understand the different drivers for encouraging innovation, illustrate more successful and less successful approaches and inform the statistical approach. The criterion for choosing the
case studies was as follows:
•

Different geographical regions: In particular, we wanted to learn lessons from markets in Asia (China, Malaysia, Russia and South Korea), Africa (South Africa) and
Latin America (Brazil, Colombia).

•

Different stages in the development of an innovative industry: We chose countries
with a long-standing objective of developing an innovative industry (for example,
China) as well as countries that had only relatively recently embarked on this (for
example, Colombia).

•

Adopting different policy approaches: The markets differ in terms of the policies
they are using to encourage innovation—for example, the use of public funding
versus private investment, their focus on particular therapeutic areas affecting
their own population and their policy on rewarding (for example, the intellectual
property environment).

Finally we included, as a basis of comparison, South Korea (which is a high-income
country today), which has made impressive progress in other areas in innovation and
is currently further intensifying its efforts to invest and compete in the biosciences.
South Korea started its programme to develop an innovative pharmaceutical industry
as a middle-income country.
To understand the performance of the innovative pharmaceutical industry (both by
domestic and international companies) we have undertaken a series of interviews
with different stakeholders including industry associations, individual companies
that have made significant investment in middle-income markets, policymakers and
academics. These are summarised in Table 2.
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Table 2: Interviews undertaken to develop the case studies
Industry association

Company
perspective

External
perspective

Brazil

Interpharma

Sanofi, Novartis

Brazil Development Bank
(BNDES), academic experts

Colombia

Asociación de Laboratorios
Farmacéuticos de Investigación
y Desarrollo (AFIDRO)

N/A

N/A

China

SINO-Phidra,
Research and Developmentbased Pharmaceutical
Association Committee
(RDPAC)

Merck

Academic experts

India

Organisation of Pharmaceutical
Producers of India (OPPI)

AstraZeneca India
Pvt.

Council of Scientific and
Industrial Research (CSIR),
academics

Malaysia

N/A

N/A

N/A

Russia

Association of International
Pharmaceutical Association
of International Manufacturers
(AIPM)

Novartis

Academic experts on
innovation policy

South
Korea

Korean Research-Based
Pharmaceutical Industry
Association (KRPIA)

Pfizer

Korea Health Industry
Development Institute

South Africa

Pharmaceutical Industry
Association of South Africa
(PIASA)

AstraZeneca

Department of Science and
Technology; Technology
Innovation Agency (TIA)

Global
perspective

N/A

GlaxoSmithKline;
Eli Lilly

N/A

Source: Charles River Associates

1.4. Structure of the report
The rest of the report is structured as follows:
•

In Chapter 2, we look at existing data on the extent of innovation in middle-income countries today and how this is changing.

•

In Chapter 3, we review changes in the capacity (push factors) to undertake innovative activity in middle-income markets, drawing on the existing literature and
the experience from the eight case studies.

•

In Chapter 4, we review changes in the incentives (pull factors) to undertake innovative activity in middle-income markets, drawing on the existing literature and
the experience from the eight case studies.

•

In Chapter 5, we look at the implications for middle-income countries from
changes in the global pharmaceutical business model.

We then attach a number of appendices. These include (1) details on how we chose the
case studies, (2) a summary of national innovation plans and (3) a statistical appendix
looking at the correlation between innovation and different policy instruments.
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2
Innovation in
middle-income
countries
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In this chapter we set out the extent to which innovative activities are currently taking
place in middle-income countries, the ongoing trends and the results of investment in
innovation. It is immediately apparent that the intensity of innovative activities varies
considerably from country to country as does the type of activity being undertaken. It
is also clear that there have been significant changes in the extent of innovative activities over the last 10 years in some markets.
It should be noted that data on innovative activities is often recorded using different
definitions in different countries and is not always available for all markets, so comparisons across markets need to be made with considerable care.

2.1. Pharmaceutical R&D spending
Pharmaceutical R&D is still highly concentrated in the high-income countries, and
the US alone accounted for 76% of R&D spend by PhRMA members. However, comparing the investment in 2009 to those reported in 2005, we can see the significant
changes in the investment in Asia and Latin America by international biopharmaceutical firms (who are predominantly the members of PhRMA).24

Figure 8: Ex-US and Europe R&D spending by PhRMA members 2010 and % change
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and Eastern European nations included Cyprus, Czech Republic, Estonia, Hungary, Poland, Slovenia, Bulgaria, Lithuania, Latvia,
Romania, Slovakia, Malta, Russia and the newly independent states. India is compared to R&D spend in India and Pakistan in 2005,
as they were listed in the same line item.
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While PhRMA R&D spending provides a good idea of R&D levels by country, it does
not capture the level of R&D expenditure for the domestic pharmaceutical sector in a
given country. Such data is not available in international data sources. However, using local data, it is possible to find data that relates more closely to the pharmaceutical
industry (although this is typically less up to date).25 The problem arises when trying
to compare across countries, as each source uses a slightly different definition of R&D
expenditure, and the data is available for different periods of time.
However, it is useful to compare trends. This shows that R&D expenditure in absolute
terms for the pharmaceutical sector has a positive trend in all countries except for
Colombia. The size of the increase varies from country to country. As Figure 9 shows,
pharmaceutical R&D spend in China, South Korea, Brazil 26 and Russia has increased
dramatically over the last decade, while in South Africa the increase has been more
moderate. This is consistent with Mroczkowski noting that global innovation offshoring, which includes product development, design and R&D, is growing at double-digit
rates in some countries.27

25

In particular, data exists for six of the case studies: Brazil, China, Colombia, Russia, South Africa and South Korea.

26

It should be noted that research activities in Brazil are mainly driven by public entities, however, data on their
actual expenditure is not publicly available. The R&D investment from Brazilian private laboratories has traditionally been very low. While it still remains low by international standards, R&D investments from Brazilian private
laboratories has exhibited significant growth and reached $255 million in 2008. This now represents about 50% of
investment in Brazil, according to the Brazilian Ministry of Science and Technology.

27

T. Mroczkowski, ‘Power Shifts in Global R&D and Innovation: What They Mean for Firms in Life Science Businesses’, http://www.ftpress.com/articles/article.aspx?p=1736044&seqNum=5 (last accessed September 30, 2012).
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Figure 9: Measures of investment in pharmaceutical R&D
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These represent different definitions of pharmaceutical R&D and represent different time frames, so comparison
should be done with caution. South Korea: KRIBB, ‘Biotechnology in Korea,’ accessed via http://www.kribb.re.kr/
eng/file/btik/btik_008.html on June 1, 2012; China: Ministry of Science and Technology of the People’s Republic of China, ‘China High-Tech Industry Data Book’, 2011; Russia: UNESCO data; South Africa: National Survey
of Research and Experimental Development, 2011; South Africa: National Survey of Research and Experimental
Development, 2011; Brazil: Osec, ‘Brazil’s Pharmaceutical Industry: Opportunities for Swiss Suppliers’, Osec market report, 2010; Colombia: DANE - Encuesta de Desarrollo e Innovación Tecnológica - EDIT IV, 2005–2006 and
2007–2008; Encuesta Anual Manufacturera, from 2005 to 2008.
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2.2. Stages in the R&D process
To understand what types of activity are occurring due to this expenditure, it is useful
to distinguish between early and basic research and clinical research. We find that
the types of activities taking place in different locations vary significantly.29
2.2.1.

Early stage research

While there has been outsourcing of drug development in middle-income countries,
innovative pharmaceutical companies have generally continued to have drug discovery headquarters in high-income countries. There is evidence that preclinical research is becoming more clustered in areas with research strengths in the life sciences
as well as with academic-industry linkages, such as in Boston and San Francisco in
the US, London-Cambridge in the UK.30
However, as can be seen from Figure 10, based on a review of international companies
operations, there are a large number of R&D centres already in China and a small
number of R&D hubs already established in other middle-income countries like India,
Brazil, Russia and Indonesia.

Figure 10: Location of R&D hubs by international pharmaceutical companies
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This is consistent with recent reviews such as I. Rafols, M. Hopkins, J. Hoekman, J. Siepel, A. O’Hare, A. PerianesRodríguez, and P. Nightingale, ‘Big Pharma, Little Science? A Bibliometric Perspective on Big Pharma’s R&D Decline’, Technological Forecasting and Social Change, in press, 2012, available at: www.interdisciplinaryscience.net/
pharma.

30

I. Cockburn, F. Thiers, and E. Berndt, “The Globalisation of Clinical Trials for New Medicines into Emerging Economies: Where Are They Going and Why?’ Massachusetts Institute of Technology and NBER, 2007.

30
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International companies investing in early stage research capabilities in middle-income countries often do so in collaboration with domestic research centres. Below are
some examples of collaboration in the case study countries:
•

AstraZeneca launched the Asia Oncology Strategic Alliance, which is aimed at evaluating novel treatments for stomach and liver cancers. The alliance is focused on
China, Japan, Korea and Singapore because the governments there have prioritized
cancer therapy. Guangdong General Hospital in China is one such institute with
which AstraZeneca has collaborations. The institute was identified as a strong partner for developing compounds for lung, liver, stomach and oesophageal cancers.31

•

Johnson & Johnson Pharmaceutical R&D recently started a collaboration with
Tianjin Medical University Cancer Institute and Hospital in China to improve
their knowledge of oncology in the region.32

•

Lilly Singapore Centre for Drug Discovery’s (LSCDD) integrative computational sciences expertise will play a key role in the recently formed Asian Cancer Research
Group (ACRG)—an independent, not-for-profit organisation established by Lilly,
Merck and Pfizer in February 2010 to accelerate research and to ultimately improve
treatment for patients affected with the most commonly diagnosed cancers in Asia.

•

GSK, together with Jiangsu Walvax, will produce vaccines for measles, mumps and
rubella (MMR) (Priorix™) and potentially other paediatric vaccines. Under this project, announced in 2009, GSK is to transfer the technology to manufacture vaccines
locally over time, and a new manufacturing facility will be built for GSK’s paediatric
vaccine Priorix to supply the vaccines to China’s public vaccine market.33

•

Pfizer formed a research partnership with Samsung Medical Center to analyse
tumours from South Korean patients in order to generate gene expression profiles.
These profiles are expected to enhance treatment efficacy of liver cancer. Pfizer
also has a research partnership with the Korea Research Institute of Bioscience
and Biotechnology (KRIBB).34

Aside from activities associated to the international industry, most preclinical research taking place in the case studies analysed is developed by academic or government institutions. However, there are also domestic firms undertaking early stage research in the case study countries. There are clearly both Korean firms and Chinese
companies focusing on drug discovery. There are also some Indian drug companies,
such as Glenmark and Piramal Healthcare, that conduct preclinical research.
2.2.2.

Clinical research

Clinical research is conducted in many locations, and there has been a significant

31

B. Hughes, ‘Evolving R&D for Emerging Markets’, Nature Reviews Drug Discovery 9 (June 2010).

32

Ibid.

33

http://silico.wordpress.com/partnering-profiles/glaxosmithkline/.

34

The Pharma Letter, ‘Pfizer and South Korea’s Samsung Medical Center Collaborate on Liver Cancer Research’, July
15, 2010, available at http://www.thepharmaletter.com/file/96694/pfizer-and-south-koreas-samsung-medicalcenter-collaborate-on-liver-cancer-research.html.
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expansion in the number of clinical trials performed in some of the more advanced
middle-income countries over the last years.35
It is interesting to examine the types of trials attracted by each region. Data from
clinicaltrials.gov36 shows that Phase I trials are mostly located in North America and
European countries, while countries in the Middle East or Latin America are mostly
attracting Phase III and IV clinical trials. Figure 11 shows these results. However, although there has been significant growth, clinical trials in middle-income markets
still represent a small proportion of the global market.

Figure 11: Distribution of global clinical trials by region and phase as of May 2012
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Looking more closely at the case studies, we find some significant differences in recent performance. The number of clinical trials in China and South Korea has grown
within the last five years; Brazil, India, Russia and Malaysia have stayed broadly constant, while in South Africa, the number of clinical trials has actually declined. It is
also clear that the distribution of clinical research varies between middle-income
countries, with meaningful number of Phase I trials only occurring in China, India
and South Korea. (See Figure 12.)

35

F. Santiago-Rodriguez, ‘Facing the Trial of Internationalizing Clinical Trials to Developing Countries: With Some Evidence
from Mexico*’, UNU-MERIT, Maastricht, April, 2008; I. Cockburn, F. Thiers, and E. Berndt, “The Globalisation of Clinical
Trials for New Medicines into Emerging Economies: Where are They Going and Why?’ NBER Working Paper, 2007.

36

Clinicaltrials.gov is a clinical trials registry and includes recruiting, active, completed, and inactive clinical trials.
Trials are registered by pharmaceutical firms as well as national institutes. This means that trials not registered
will not be shown in the analysis. Additionally, trials which are on multiple phases are counted more than once.
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Figure 12: Distribution of clinical trials in case study countries, 2006–2011
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An important part of the clinical trials story is the development of clinical research
organisations (CROs) in middle-income markets. In many cases, undertaking clinical
research in a market means working with a local CRO. There are estimations pointing
that in 2010 the clinical development sector in India will be worth $1.5 billion. The CRO
industry will account for $500 million of this, and the rest represents the activities
conducted by international pharmaceutical companies themselves.37 The use of CROs
for clinical trial research in markets such as China and Russia are also common.38

2.3. Employment in R&D
Another way to look at the amount of innovative activity occurring in a market is to
look at the number of people employed in R&D. Focusing on the case studies and considering the number of R&D researchers employed across industries, South Korea has
the highest ratio of R&D researchers per million people. However, in absolute terms,
China has the largest number of researchers. Figure 13 displays these results.

Figure 13: R&D researchers, total and per million, 2009 or most recent year
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Data on researchers employed in the pharmaceutical industry is also scarce and difficult
to compare across countries. However, the trends are likely to be informative and show
some growth across all the case study markets. Using the data available we found that the
number of researchers in the pharmaceutical industry have increased during the last few
years, especially in Brazil, China and South Korea. Figure 14 shows these results.
37

N. Varawalla, ‘Poised for Growth: The Indian CRO Industry’, Contract Services Europe, April 2005.

38

CRA interviews.

34

October 2012

Figure 14: Employment in pharmaceutical and biotechnology industry or medical
and health sciences R&D
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2.4. The output of the innovative process
In this section, we look at innovative output developed in middle-income countries.
We analyse the number of scientific breakthroughs, proxied by publications, the number of patents that originate from research taking place in particular markets and the
number products that are registered and commercialised.

39

South Korea: KRIBB, ‘Biotechnology in Korea’, accessed via http://www.kribb.re.kr/eng/file/btik/btik_010.html
on June 1, 2012; Brazil: The Industrial Survey of Technological Innovation, PINTEC, 2006, 2008 and 2010; ’Innovation Rate: The Proportion of Firms Engaging in Innovative Activities’ (author, url, or date available?); Russia:
UNESCO data; China: Z. Li, W. Ke, and C. Guang, ‘Developing Innovative Capacity in China to Meet Health Needs’,
MIHR report to CIPIH, April 2005.
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2.4.1.

Publications

The number of articles published in scientific journals across sectors has increased in
most of the middle-income countries. Looking more closely at our case studies, China,
South Korea and India have experienced substantial growth in the number of articles
published, while Russia has remained stable. The number of publications in China rose
substantially, even though the number of articles published in 2004 was already relatively high. South Korea and India have similar rates of growth in the number of articles
published in scientific and technical journals. These results are shown in Figure 15.

Figure 15: Number of articles published in a scientific or technical journal, 2004–2009
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There is less data available in terms of scientific publishing in the pharmaceutical sector
in our case study countries. From the data available, China exhibits the highest growth
in medical science publishing between 2000 and 2010 as well as the highest number
of publications in 2010 (see Figure 16). South Africa comes in second place in terms of
number of medical science publications among our case study countries. However, another source cited much higher publishing numbers for South Korea in the field of microbiology, molecular biology and genetics in the 1996 to 2000 time period.40 This again
shows the difficulty of comparing innovation levels in the pharmaceutical sector.

40

South Africa published 681 articles in the field of microbiology, molecular biology and genetics between 1996 and
2000, which is small when compared to South Korea, which published 1,698 articles in the same time period (M.
Gastrow, ‘Great Expectations: The State of Biotechnology Research and Development in South Africa’, African Journal of Biotechnology 7 (4) (2008). Additionally, in 2009, there were a total of 6,151 publications in biotechnology in
Korea (http://www.kribb.re.kr/eng/file/btik/btik_013.html).
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Figure 16: Number of medical science publications in 2010 and % change from 2000

7000

400%

373%

350%

7429

300%

6000

250%

5000

200%
4000

4227

3000

167%

150%

3131

100%

2000

50%
27%

1000
0

7%
546

China

South
Africa

Brazil

Number of medical science publications in 2010

South
Korea

-25%
153%

% change between 2000 and 2010

Number of medical science publications

8000

0%
-50%

Russia

% change 2000-2010

Source: Battelle Technology Partnership Practice, ‘The Biopharmaceutical Research and Development Enterprise: Growth Platform for
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2.4.2.

Patents

A common measure of the output of innovation used in the literature is the number
of registered patents in the country. In particular, it is common to see analysis based
on the number of international patents (defined as the number of patents granted to
inventors from a particular country).
There are a range of data sources for the number of patents (as illustrated in Table 3).
Given the data availability for the case studies analysed, we have used Patent Cooperation Treaty (PCT)41 data for pharmaceuticals as it had the most complete data for
pharmaceutical patents for our case study countries.

Table 3: Patent database comparison
Patent database

Description

Limitations

European Patent
Office (EPO)

Patent applications or granted applications to
the EPO. Available for biotechnology patents.

European-centric. Limited data available for
biotechnology patents.

Patent Cooperation
Treaty (PCT)

Patent applications or granted applications
Although more international in scope, still
that cite the PCT and applied through the EPO. European-centric.

United States Patent
and Trademark
Patent applications or grants to the USPTO.
Office (USPTO)

US-centric. Limited data available for
pharmaceutical and medicine patents.

World Intellectual
Patent data gathered from IP offices of
Property
member states.
Organisation (WIPO)

The same patent may be counted more
than once. Limited data available for
pharmaceutical patents.

Source: CRA analysis

41

The Patent Cooperation Treaty (PCT) is an international treaty administered by the World Intellectual Property
Organization (WIPO). The PCT allows for the filing of an ‘international’ patent application in order to seek patent
protection in a number of countries simultaneously. The patent must be filed at a national or regional patent office
in what is called the ‘national phase’.

Charles River Associates

Policies that encourage innovation in middle-income countries

37

Looking at data on the number of pharmaceutical patents filed under the PCT at the
international EPO, we found that China, India and South Korea are more active in
filing patents. When looking at the annual growth rate, it is worth noting that countries like Brazil, Colombia and Malaysia had a smaller number of applications in 1999,
which explains the larger annual increase that is shown in Figure 17.
If we compare data across the different sources, the trends shown by the pharmaceutical PCT filings in the EPO are corroborated by patent filing trends in the other sources.
For instance, South Korea and China also had higher levels of filings to the European
Patent Office (EPO) for biotechnology patents. The number of medical and science patents to the USPTO highlighted India as the country with higher number of patents out
of our case study countries, although data for China and South Korea is absent. Finally,
a report commissioned by PhRMA that used WIPO data also pointed out the increase
in patent filings from South Korea, China and Brazil.42
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From the patent information we can conclude that the case study countries are at different stages of advancement in terms of patent activity. Specifically, South Korea and
China are actively filing patents, while Brazil is moving in this direction. Russia and
South Africa, meanwhile, are still in the early stages of innovation as measured by
patenting levels.

42

Battelle Technology Partnership Practice, ‘The Biopharmaceutical Research and Development Enterprise: Growth
Platform for Economies around the World’, prepared for PhRMA, May 2012. Note: Colombia, India, and Malaysia
were not covered by the report.
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2.4.3.

New chemical entities, new formulations and new doses

Perhaps the most important measure of innovation is whether it produces new medicines. However, given that new medicines can be developed through the actions taking place in a variety of countries, it is difficult to determine if a medicine has been
developed by a particular country, hence, allocating the output of international companies to middle-income countries is not an easy task. Therefore, although an imperfect measure, we focus our analysis on the outputs of domestic companies.
Given the relatively recent increase in the activities undertaken in middle-income
markets, it should be unsurprising that the number of new chemical entities (NCEs)
that have been developed in middle-income markets remains relative small. Indeed,
from the cases analysed, only South Korea, China and India have developed medicines that could be described as novel.
South Korea stands out as the country that has developed the most products. It is reported that 16 new commercialised products have been developed indigenously. As
Table 4 shows, a number of drugs developed by South Korean firms have been granted
approval. Additionally, as of 2007, there were around 130 new drugs in either Phase 1
or Phase 2 clinical trials.43

Table 4: New drug development by domestic companies in South Korea
Year

Innovator

Details

1995

CJ Cheiljedang

Pseudovaccin, indicated for pseudomonas infection

1997

Daewoong Pharm

EGF topical solution, indicated for diabetic foot ulcer

1999

SK Chemical

Sunpla injection, indicated for stomach cancer

2001

Dong-wha

Milican injection, indicated for liver cancer

2001

Choongwae Pharm

Q-roxin tablet, indicated for urinary tract infection

2002 (KFDA),
2003 (FDA)

LG Life Sciences

Factive tablet, indicated for respiratory tract infection

2003

Guju Pharm

Apitoxin, indicated for arthritis

2003

CKD Pharm

Camtobell injection, indicated for ovarian and lung
cancer

2005

Yuhan

Revanex tablet, indicated for peptic ulcer

2005

Donga Pharm

Zydena tablet, indicated for erectile dysfunction

2006

Bukwang Pharm

Levovir capsule, indicated for hepatitis B

2007

Daewon Pharm

Pelubi tablet, indicated for osteoarthritis

2007

SK Chemical

Mivix tablet, indicated for erectile dysfunction

2008

Ilyang Pharm

Noltec tablet, indicated for peptic ulcers

2010

Boryung Pharm

Kanarb tablet, indicated for hypertension

Source: KRIBB, ‘Biotechnology in Korea’, accessed via http://www.kribb.re.kr/eng/file/btik/btik_021.html on June 1, 2012

43

D. Cho, E. Hyun, and S.H. Lee, ‘Can Newly Industrializing Economies Catch Up in the Science-Based Industries? A
Study of the Korean Biotechnology Sector,’ Journal of Interdisciplinary Economics 18, 2007.
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China has already experienced a degree of success in pharmaceutical innovation. A number
of Class 1 drugs being approved in China since 1985, there are also numerous drugs
with compound patents issued in the US or EU that as of 2011 were undergoing clinical trials.44 Looking at the number of Class 1 drugs that have been approved in China45
from 1985 through 2000, there were 40 Class 1 NCEs approved: 26 developed by Chinese companies, 12 developed by foreign firms and 2 developed by foreign start-up
research companies. Of the 26 NCEs developed by Chinese firms, 17 were developed
independently.46 Figure 18 shows the number of Class 1 drug approvals between 2003
and 2010, the definition of which is narrower than NCEs used by the USFDA and all of
which are from domestic Chinese pharmaceutical companies. The significant reduction in drug approvals after 2005 has been attributed to the introduction of more stringent drug approval regulations by the SFDA in 2007.47 Table 5 provides some examples
of locally developed therapies.

Figure 18: Class 1 drug approvals in China developed by Chinese firms, 2003–2010
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Source: J. Qi, Q. Wang, Z. Yu, X. Chen and F. Wang, ‘Innovative Drug R&D in China,’ Nature Reviews 10 (May 2011)
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J. Qi, Q. Wang, Z. Yu, X. Chen, and F. Wang, ‘Innovative Drug R&D in China’, Nature Reviews 10 (May 2011).

45

Class 1 drugs are described as NCEs that have not yet been marketed anywhere else in the world and require preclinical and clinical studies for marketing approval. R. Deng and K. Kaitin, ‘The Regulation and Approval of New
Drugs in China’, Drug Information Journal 37 (2004): pp. 29–39.
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Ibid.
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J. Qi, Q. Wang, Z. Yu, X. Chen, and F. Wang, ‘Innovative Drug R&D in China,’ Nature Reviews 10 (May 2011).
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Table 5: Examples of China’s locally developed therapies
Year

Innovator

Details

2003

SiBono GenTech
(Shenzhen)

First firm to obtain a license for a recombinant gene therapy,
Gendicine, indicated for the treatment of head-and-neck cancer

2007

Benda
Pharmaceuticals
(Hubei)

Introduced first gene therapy

2008

Chong Qing Kang
Wei Biotechnology

Locally developed vaccine against Helicobacter pylori will be
commercialised

2009

Sinovac Biotech/
Beijing Kexing
Bioproducts

The first pandemic-preventing swine flu vaccine received regulatory
approval for production and reached an agreement with Boryung
Pharmaceutical Company (South Korea) to supply the product to
South Korea

Source: CRA analysis

A similar picture is seen in India; there have only been a few innovative therapies developed by Indian pharmaceutical companies. Examples of new products are shown
in Table 6. Thus far there have been around 70 molecules discovered by 10 domestic firms in various therapeutic categories and clinical stages. Some drugs are in the
Phase III clinical trials, such as a drug developed by Piramal Healthcare, and there
are other drugs that are developed to early phases and then outlicensed, as done by
Glenmark, Ranbaxy, Dr. Reddy’s and Elder Pharma.48

48

CRA interviews.
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Table 6: Examples of India’s locally developed therapies
Year

Innovator

Details

1998

Dr. Reddy’s

Mitotax, a cancer therapy, was launched. The product was
developed in Hyderabad.

2009

Cadila/Indian
Institute of
Integrative
Medicine (IIIM)

Risorine was launched. It is the world’s first boosted Rifampicin
containing a fixed-dose combination for the treatment of
tuberculosis. This drug is an outcome of a partnership with IIIM,
which is part of CSIR.

2010

Biocon

Insugen, the new generation bio-insulin, was launched. It is the
world’s first Pichia-based recombinant human insulin.

2010

Piramal

Tinefcon, a psoriasis treatment, was launched. The efficacy was
discovered as part of Piramal’s NCE development programme.

2012

Ranbaxy

Synriam is a novel drug delivery system for the treatment of malaria
and was developed through a public-private partnership. The
Ministry of Science financed a third of the development costs.49

2012

Cipla

Meflian Plus is a novel drug delivery system for the treatment of
malaria. It was launched as a JV with Drugs for Neglected Disease
Initiative (DNDi).

Dr. Reddy’s

Balaglitazone is an anti-diabetes molecule that went through multicountry Phase III trials, but development may be discontinued
due to the side-effect profiles.50 Balaglitazone, as well as another
compound Ragaglitazar, was initially outlicensed to Novo Nordisk.51

N/A

Source: S. S. Singh, ‘Patenting in Pharmaceuticals: India and Japan’, sponsored by WIPO, 2010; CRA analysis.

The development of new chemical entities, new formulations or new doses is still limited among the remaining countries analysed. However, evidence from the interviews
suggests there is the potential for NCEs developed by these countries to reach the market in the future:
•

There is little evidence on the development of NCEs in Brazil; however, there are
Brazilian companies involved in the development of new vaccines.

•

Russian manufacturers have developed some novel medicines (according to the
interviews), although these are only locally commercialised.

•

South African companies have several molecules focused on AIDs, TB and Malaria that are under development and are expected to be launched in the near future.

49

‘Ranbaxy, Cipla Launch India’s First Indigenous Anti-Malarial Drugs’, July 13, 2012, available at http://www.
themedguru.com/node/46391 (accessed August 17, 2012).

50

K.V. Ramana, ‘Dr. Reddy’s Gives Up on Balaglitazone’, July 21, 2011, available at http://www.dnaindia.com/money/
report_dr-reddys-gives-up-on-balaglitazone_1567778 (accessed August 17, 2012); ‘DRL Announces Balaglitazone
Phase-III Results’, January 5, 2010, available at http://www.financialexpress.com/news/drl-announces-balaglitazone-phaseiii-results/563358/ (accessed August 17, 2012).

51

‘Novo Nordisk Drops Dr. Reddy’s Insulin Drug’, February 7, 2003.
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2.5. Summary
In this chapter, we have set out the changing pattern of innovation that can be observed across middle-income markets. Figure 19 summarises the findings for each of
the innovation indicators used through this section. Overall, it is clear that:
•

There has been a significant increase in the number of clinical trials occurring
in different middle-income markets. This has to a significant extent been undertaken through the development of CROs in these markets.

•

There is an increase in employment related to R&D activities in all markets.

•

Over the last 10 years we have seen the increased investment in early stage research, but this is focused on a small number of middle-income markets—particularly China.

•

There has been a clear increase in innovation in terms of patents. Leaving aside
South Korea, this again shows the dramatic performance of China, but also gradual progress in a number of other markets.

•

It is too early to observe the outputs of this innovation in terms of commercialised
new products, although outputs have been observed in the more advanced pharmaceutical markets in middle-income countries. However, these have typically
been incremental improvements on existing treatments.

Figure 19: Relative performance of the case study countries
Innovation
indicators

Brazil Colombia

China

India

Malaysia Russia

South
Africa

South
Korea

Total R&D
spending
Biopharmaceutical
R&D spending
Clinical trials
Employment in
total R&D
Publications
Patents
Novel medicines
Excellent
performance

Good
performance

Medium
performance

Poor
performance

No
information
available

Source: CRA analysis
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In the last chapter, we set out the performance of middle-income countries in terms
of the innovative activity. In this chapter we examine the degree to which this can be
attributed to government policies targeted on building up the innovative capacity of
the country.
We start by analysing the importance of national innovation strategies and how these
have been applied in each of the case study countries. Then we look in more detail at
the role of government policy in developing scientific capabilities, encouraging clusters of innovative activity, investing itself in innovation and regulating clinical trials.

3.1. National innovation strategies
Given the relationship between innovation, employment and growth it should be no
surprise that most countries have national plans or strategies to encourage innovative
industries—this is as true for middle-income countries as it is for high-income countries. The development of a coherent national innovation strategy (NIS) is often seen as
53
a necessary element to build a sustainable pharmaceutical industry.52, Indeed, international organisations have specific groups providing guides and helping emerging
economies to develop their own strategies.
However, there is relatively little literature evaluating the impact of NIS in middleincome countries, and more specifically analysing particular policies applied to the
biopharmaceutical sector.54 Most of the analysis available consists of either descriptions of the programmes55 or evaluations of specific measures. These will be presented
in the following sections.
Evidence from the case studies

All of the case study countries analysed have developed national strategic plans for
encouraging the innovative sector. These are summarised in Appendix 1. Comparing
across case study countries, we found that there are some similarities between the
schemes, suggesting that policymakers are learning from one another.
However, there are also some significant differences. For example, the timetable for
these plans differs considerably. While in Brazil, South Africa or Malaysia, these were
first set out at the beginning of the century, in Russia the plan only started in 2009.
Also, it is notable that although India developed a national innovation plan in 2008,
this was not effectively implemented. As illustrated in Table 7, the focus of the current
plans also differs quite considerably:

52

S. Feinson, ‘National Innovation Systems Overview and Country Cases’, Centre for Science, Policy and Outcomes,
2003.

53

B. Killic, ‘Boosting Pharmaceutical Innovation in the Post-Trips Era: The Real Life Lessons for the Developing
World’, PhD thesis for the degree of Doctor of Philosophy, Queen Mary University of London, 2011.

54

See RedeSist-Economics Institute, ‘Comparative and Summary Report on BRICS National Innovation Systems’,
Federal University of Rio de Janeiro, 2008, for a review on the NIS from an overall perspective.

55

For a very good recent description of how innovation policy varies across countries, see Battelle Technology Partnership Practice, ‘The Biopharmaceutical Research and Development Enterprise: Growth Platform for Economies
around the World’, PhRMA, May 2012.
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•

The degree to which they are cross-industry (China, India) versus focused specifically on the biopharmaceutical industry (Brazil, Russia, South Africa, South
Korea);

•

Whether the initial focus is on developing a manufacturing industry (Brazil, Russia) or focusing mainly on developing innovative activities by raising the level of
R&D (China, South Korea); and

•

Whether the focus is on developing innovation through public organisations (Brazil, South Africa) or encouraging private sector innovation (India).

The objective of the innovation plans also differ. Some of the plans focus predominantly on inputs and infrastructure, such as R&D spend or investment in infrastructure. South Africa is a good example of this. In other cases they are very specific regarding the objectives in terms of innovative output. China aims to reach a certain
amount of patents or new formulations by 2020, South Korea intends to become one
of the top 10 world leaders in science and technology and Russia’s goal is to develop 20
new drugs by 2020.

Table 7: Dimensions of the national innovation strategies

Brazil

China

Strategy

Year

Stated
objective

Industry
focus

Type of
firms
focus

Profarma

2004

Develop
pharmaceutical
innovation

Pharmaceutical

Public and
domestic
industry

2007–2010

Develop and
strengthen
science,
technology and
innovation

Mixed with
biotechnology

Public and
private

Medium and
Long-Term
Plan for
Science and
Technology
Development

2006–2020

To become an
innovationoriented society
by 2020

Technology with
biotechnology

Public and
private

National Key
New Drug
Creation
Programme

2008

Create new
drugs

Pharmaceutical

Public and
domestic
industry

2011–2015

Increase
contribution
of key priority
industries from
2% to 8% of
GDP (among
others)

Mixed with
pharmaceutical

Public and
private

2010

Transform the
Colombian
industry into
a productive
model based on
research able
to generate
innovation

Mixed including
biopharmaceutical
sector

N/A

Action Plan
on Science,
Technology
and Innovation
for National
Development

12th Five-Year
Plan

Colombia
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India

National
2008
Innovation Act*

Encourage
innovation

Mixed

Public and
private

National
Biotechnology
Policy

2005–2020

Develop
biotechnology
industry to be a
global player

Biotechnology

Public and
private

2006–2020

Develop biologic
industry and
Pharmaceutical
high-end
industry
generics

Public and
private

Pharma 2020** 2009–2020

Turn Russia’s
pharmaceutical
industry into
an innovative,
global industry
and develop 20
new drugs by
2020

Pharmaceutical
industry

Locally based
manufacturers

National
Biotechnology
Strategy/
Bioteconomy
Strategy

Develop a
national
biotechnology
industry

Public and
Biotechnology and
domestic
domestic diseases
industry

Malaysia
Malaysia’s
Third Industrial
Master Plan

Russia

South
Africa

South
Korea

2002–2009

Innovation
Toward a
KnowledgeBased
Economy

2008–2018

Develop an
innovative
industry

Mixed with
pharmaceutical
programme. Focus Public and
on domestic
domestic
diseases but
industry
global diseases
also considered

Bio-Vision
2016

2007–2016

To become
a leader in
biotechnology

Biotechnology

Public and
domestic
industry

2008

To become
one of the
seven leaders
in certain areas
of science and
technology

Science and
technology

Public and
domestic
industry

577 Initiative:
Basic
Science and
Technology
Strategy Plan

Source: Charles River Associates. Note: *The Indian National Innovation Plan was drafted in 2008, but it was not implemented. There
is a new innovation plan being drafted, the Science and Technology Innovation Policy, which is expected to be announced in 2013.
**Amendments to the programme were proposed due to budget concerns.

The programmes also differ in terms of the policy instruments applied to achieve the
different goals. They differ in terms of policy initiatives aimed at public stakeholders,
but also in terms of promoting private sector innovation (Table 8).
•

To encourage pharmaceutical innovation among the public sector, the majority of
countries analysed have focused on building their R&D capacity through publicly
funding R&D activities (China, Colombia, South Africa or South Korea), encouraging greater public/private collaborations (Brazil, China or India) or developing
regional clusters (Brazil, Colombia, India or Malaysia).

•

In order to engage private entities on developing innovative activities, governments have ensured access to financial capital for companies, particularly startups and emerging companies (India), by using tax incentives to encourage private
investment in venture capital funds (India) and/or technology based companies
and investing public funds directly in private venture capital funds and/or companies (Brazil, China, India, Malaysia or South Africa).
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•

Affecting both public and private sectors, most governments have applied policies to attract, retain and develop talent through programmes that encourage and
enable students to study math, science and engineering, and that provide incentives to draw world‐class researchers and scientists to national universities and
research institutes. (See Section 3.2 for a more detailed explanation of the policies
aimed at developing scientific capabilities.)

Building R&D
excellence

Public/
private

Public/
private

Public/
private

Funding R&D

Private

Public/
private

Public/
private

Building human
capital

Public

Encouraging
collaboration
Public
between academia
and industry
Developing
regional clusters

Public

Public

Public

Fostering R&D
through incentives
Accelerating the
commercialisation
of academic
research

Private

Accelerating the
commercialisation
of academic
research

Private

State venture
capital
Increasing access
to investment
capital

Private

Public

Public

Public

Public/
private
Public

Public

Public

South
Korea

South
Africa

Russia

Malaysia

India*

Colombia

China

Brazil

Table 8: National innovation strategies in the public and private sector

Public
Public/
private

Public

Public

Public

Public

Public

Public

Public

Public

Public

Public/
private

Public

Private

Public

Private

Private

Private

Public/
private

Source: CRA analysis
*The Indian National Innovation Plan was drafted in 2008, but it was not implemented. There is a new innovation plan being drafted,
the Science and Technology Innovation Policy, which is expected to be announced in 2013. The column shows what would have
occurred had the National Innovation Plan been implemented.

As all countries have a NIS, the development of the policy itself does not help us understand the relative success of our case studies. However, based on the interviews, the effectiveness of the national innovation policy varies significantly from country to country:
•

48

Policy needs coordination between relevant government agencies. Innovation policy involves departments for innovation, health policy, education and treasury. In
order to guarantee a successful policy, it is important that government health, industrial and trade policies are well aligned. The national innovation policy is an
opportunity to bring this together. There is a perception that different government
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departments in middle-income countries currently do not satisfy this condition.
For instance, while the department of industry is working on the development of
an innovative industry, there is little coordination with the departments responsible for purchasing medicines (discussed in the next chapter).
•

The plan should have clear objectives. It is also clear that, although innovation is discussed in all of these plans, in reality the priority of some countries is focused on their
trade balance on pharmaceuticals and their desire for self-sufficiency in particular therapy areas. This is leading to policies favouring investment in domestic manufacturing, or the plants that will only serve the domestic market and maybe limited exports.
Although this may create employment and self-sufficiency (despite a concern about
whether they will have the economies of scope and scale to compete with major global manufacturing centres), the benefits in terms of innovation policy are very unclear.

•

The policy needs to focus on both public and private initiatives. Ultimately, innovation is
a partnership between stakeholders, so schemes focusing predominantly on one or the
other sector are less likely to be successful. It is reported this was a particular barrier for
the development of innovative industry in Brazil, due to the focus on state-owned laboratories without considering the potential of promoting private firms simultaneously.

•

Implementing innovation policies takes time. Looking at China or South Korea, it is
clear that they have been in place for many years. There is a need for consistency over
time if they are to change the behaviour of the different stakeholders involved. These
policies need to be long term due to changes in capabilities and the time it takes to
build them. For example, there is clearly a long-term trend placing more value on biological sciences and relatively less on chemistry. This needs to be reflected in the education system to adapt to the needs of the innovative business model. Clearly changes
of this kind can only take place slowly and require significant planning.

•

The policies need to be implemented. A consistent national innovation plan will
have only limited impact if it is not implemented and the resources are not made
available. This would be the case of Colombia or India, where the implementation
of their national plan has been delayed, or in Russia where funding from the first
phase of Pharma 2020 did not reach a large number of companies.

3.2. Government policies for developing scientific capabilities

There is general agreement across stakeholders that the bedrock of a country’s innovation regime is its scientific capabilities. Education standards have been identified as a significant constraint in the development and diffusion of innovation.56 A number of studies
have identified education, and the resulting availability of skilled workforce, as one of the
principal factors contributing to the development of the life science sector in countries like

56

J. Aubert, ‘Promoting Innovation in Developing Countries: A Conceptual Framework‘, World Bank Institute, 2004.
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China, India or Bangladesh.57,58 For these reasons, a range of policies aimed at strengthening the level of education and skills have been strongly advocated, including:
•

Internally building up skills of researchers;

•

Increasing the education levels of the population through scholarships; and

•

Encouraging overseas researchers to return to their country of origin

Raising the general levels of education (literacy, for example) does not necessarily
guarantee the presence of specific skills required to develop pharmaceutical innovation. A recent consultancy report reported that one of the factors limiting R&D in
emerging markets was the lack of research skills within the labour force.59 However,
the progress made in the last decade should not be understated; for example, in 2001,
the US graduated 45.3% of PhDs; India and China contributed just 12.8% and 14.3%,
respectively. In just five years, the US share has shrunk to 36.8%, China’s has increased
to 29.2% and India’s has increased to 14.4%.60

Evidence from the case studies

Looking at the case study countries, China and South Korea stand out in terms of education standards. Indeed, the PISA results for these countries had similar levels than
the average OECD markets.61 Additionally, South Korea has the highest ratio of tertiary enrolment, suggesting that those that are over tertiary education enrolment age
are going back to continue their studies. However, South Korea is not the country with
the largest expenditure on education, as expenditure on education as a percentage of
GDP was higher in Malaysia and South Africa. Figure 20 shows these results.

57

P. Gehl, ‘Innovation and Competitive Capacity in Bangladesh’s Pharmaceutical Sector’, UNU-MERIT Working Paper 2007-31, Maastricht: United Nations University-MERIT, 2007.

58

IFPW, ‘Innovation in Emerging Markets Are Key to Growth’, International Federation of Pharmaceutical Wholesalers
19 (2012).

59

IBM, ‘Pharma’s New Worldview: Transforming R&D through Emerging Markets’, IBM Institute for Business Value,
2006.

60

Tomasz Mroczkowski, New Players in Life Sciences Innovation: The Best Practices in R&D from around the World,
(London: FT Press, 2011)
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PISA is an international study that was launched by the OECD. It aims to evaluate education systems worldwide
every three years by assessing 15-year-olds’ competencies in the key subjects: reading, mathematics and science.
The results were particularly good for China as it was ranked first for both maths and sciences in 2009.
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Figure 20: Comparing education standards and policy effort among the case studies
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These results are consistent with the qualitative information gathered from the interviews, although India was also identified as a country with a large, highly educated
workforce. However, it is clear that it is the not the general standards of education that
are most important for encouraging innovative activity, but those in particular disciplines or even in particular regions of the country:
•

China, for example, has over 90,000 people working in the life sciences in metropolitan Shanghai. This represents more than in a quintessential biotech hub, like
the San Francisco Bay Area with 72,000 employees.62

62

Ibid.
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•

In 2005, India had over 115,000 scientists with master’s degrees in chemistry and
12,000 more with chemistry doctorate degrees.63 It was noted that although this is
beneficial for process innovation, this could be limiting the capabilities of developing biologic innovations, as the research skills needed are different from those
required to engage in developing new chemical entities.

In terms of policy implications, all the interviewees agreed on the importance of attracting the local labour force trained abroad to build the required capabilities to develop innovation. China has official programmes in place to attract overseas Chinese
scientists back, such as the Thousand Talents Programme, which has been shown to
have a positive effect on innovation. India, on the other hand, does not have a national
programme to attract overseas Indian scientists back, although the switch by some
companies to a US dollar pay structure is attracting some to return.64 Russia is also
considering a similar policy programme. Table 9 shows the different policies applied.
Countries are also providing education and training opportunities for students in order to grow their indigenous workforce. These efforts include programmes that send
students abroad to broaden their research experience and subsequently attract them
back with opportunities at universities and research institutions at home.

Table 9: Policies applied to encourage the development of skills
Policies applied

•

Brazil

•
•

China

•
•

The Thousand Talent Programme attracts overseas Chinese scientists back to China.
Since 1995, 100 Chinese universities were being upgraded to become internationally
competitive through the 211 Programme. These efforts are budgeted at 10 billion
RMB (US$1.5 million) for the period 2006–2010.

•

The draft of the National Innovation Act of 2008 included a National Annual
Integrated Science and Technology Plan, which could present policy initiatives
to enlarge the pool of scientific manpower and identify and nurture bright young
students who can take up basic and applied research in the sciences, technology,
engineering or mathematics as a career. However, since the plan was not
implemented, it is not clear to what extent these measures were applied.
The Department of Science and Technology also provides a million scholarships
through the INSPIRE programme.

India
•
•
Russia

The Action Plan is committed to significantly ramping up the number of graduate
degree holders across all fields. The plan had a goal of issuing 16,000 PhD’s and
45,000 master’s degrees by 2010. Through the provision of scholarships from the
Ministry of Science and Technology and the Ministry of Education
Under the 2004 Innovation Law, university researchers may take leaves of absence
of up to three years to create a start-up company while maintaining their benefits and
career rights.
The Positive Law allows governments to subsidise the wages of doctoral degree
holders hired into industry for the first three years of their employment.

Pharma 2020 considers importing R&D experienced foreign specialists to Russia
(primarily those of Russian origin); additionally, scholarships are also given. In 2010,
the Russian state introduced a “mega grants” programme to attract top researchers
from around the world to spend at least a third of the year in laboratories set up in
Russia. The programme has a budget of US$430 million over three years and plans
to support 80 such recruits.

63

IBM, ‘Pharma’s New Worldview: Transforming R&D through Emerging Markets’, IBM Institute for Business Value,
2006.’

64

E. Lundh, ‘Assessing the Impact of China’s Thousand Talents Program on Life Sciences Innovation’, Nature Biotechnology 29 (2011).
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•

There are policies aimed at encouraging the development of human capital as well
as from subsidising locals’ study overseas. The Technology and Human Resource
for Industry Programme (THRIP) is aimed at developing skills in the higher education
system.

•

The 577 initiative includes the cultivation of ‘creative human resources’ as part of its
policy. The number of science schools for the gifted is to be increased and special
education is to be provided to the top 1% of each grade.

South
Africa

South
Korea

Source: Charles River Associates

Looking at the initiatives applied to build or attract human capital, it is worth mentioning that all countries are currently offering scholarships (see Table 10).

Table 10: Initiatives to build up a skilled workforce or attract back from abroad
Building academic
excellence

Brazil
China

Scholarships

X
X

X

India

X

Russia

X

South Africa

X

South Korea

Attracting talent
from abroad

X

X

X

X

Source: CRA analysis

However, although developing human capital is shared across all the case study countries, only China and South Korea appear to be focusing on building academic excellence as part of their innovation plan. While building academic excellence, governments aim at boosting the level of tertiary education to reach international standards.
Overall, all countries have this integrated within their innovation plans; however,
they vary in terms of:
•

The specialisation of the education system: Innovation in the biopharmaceutical
industry is increasingly focused on biological sciences. A focus on engineering
and chemistry is important for process innovation (India) but it is not a sufficient
condition to develop product innovation.

•

Innovation requires academic excellence: A high level of general education is an
important part of the innovation infrastructure, but in order to develop early
stage research, world-class research institutes and academic facilities are required. South Korea is a clear example of a country that has focused on developing a strong academic excellence and has developed an innovative pharmaceutical industry. China is also following the South Korean case. On the other hand,
Brazil, even though it has high levels of education, the industry believes that there
are some areas in which R&D employees are lacking academic expertise.

•

Innovation involves understanding of industry: Innovation often arises through
collaboration between academia and industry. This involves a science base that
is able, willing and encouraged to work with industry. This is seen as a particular
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barrier in Russia and Brazil, where academics do not have the necessary skills to
commercialise a new invention; it takes time to develop this culture (this is further discussed below).

3.3. The development of regional hubs and scientific clusters

Clusters are geographic concentrations of interconnected companies, specialised
suppliers, service providers and associated institutions in a particular field. Clusters
allow for the creation of efficiencies and synergies that help the development of innovative activities.65 Evidence for developed markets suggests that firms located in a
cluster are significantly more inventive than companies located elsewhere.66
However, the direct link between the creation of a cluster and the development of an
innovative industry is not clear. Some authors questioned the effect that clusters have
on innovation and concluded that there are other conditions beyond than the creation
of a hub that were determinant for encouraging innovation.67 Indeed, rather than clusters themselves, the behaviour of firms is seen as important. For example, whether
firms choose to cooperate with different stakeholders is found to be a key element to
guarantee a cluster success.68
Evidence from the case studies

The development of clusters to promote cooperation on the growth of innovative activity is one of the identified policy priorities in most of the case study countries. Governments can encourage the location of companies and research centres through a range
of tools:
•

Improving infrastructure such as transport or communication;

•

Funding regional governments to support cluster development through investing
in infrastructure to develop science parks and incubators;

•

Creating zones where various tax and other financial incentives are available to attract particular types of companies. These are commonly found in economic zones
where manufacturing and clinical trial activities often have regulations that make
it easier to export and import goods, such as lower duties or customs times.

The policies are described in Table 11.
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Table 11: Policies undertaken to promote the development of clusters
Policies undertaken to encourage the development of clusters

Brazil

Under the Innovation Law, universities and research centres can work together, creating
Technological Innovation Nuclei (TIN) at universities, and the research equipment can be
shared between science and technology institutions (STI) and companies.

China

China actively encourages high and new technological development zones (HNTDZs) in
every province. Special Economic Zones (SEZs) were also created.

India

The National Innovation Act of 2008 proposed incentives for firms in the Special
Innovation Zones and Innovation Park. However, since the plan was not implemented, it
is not clear to what extent these measures were applied. The Special Economic Zone Act
was launched in 2005. Bioclusters were also created by the government.

Russia

The creation of cluster-based centres were officially announced in the Volgograd, Kaluga,
Moscow, Rostov, Novosibirsk, Samara, Sverdlovsk, Tomsk and Yaroslavl regions, as well
as in the Stavropol region, St. Petersburg, and in the Ural and Altai Territory, Republic of
Tatarstan.

South
Africa

The National Biotechnology Strategy created Regional Innovation Centres (BRIC), which
is now part of the Technology Innovation Agency (TIA). This provides funding and links to
innovative companies. Normally they develop early stages of research.

South
Korea

The 577 initiative includes biotechnology as an area for accelerated investment in
basic R&D and cluster development. Seoul National University’s Bio-MAX Institute is
collaborating with the Korean Advanced Institute of Science and Technology on BIT Port,
a biotechnology commercialisation complex at the Incheon Free Economic Zone. BioMAX also serves as a gateway to regional cluster-development initiatives, though only a
few are focused on medical biotechnology.

Source: Charles River Associates

Most countries are currently promoting the use of clusters. However, evidence from
our case studies as well as the literature available, suggests that the impact of the development of clusters on pharmaceutical innovation is mixed.69 From the evidence
collected, we found that:
•

Where possible, the location of clusters should be driven by market forces. The more
successful cases have built on ‘informal’ clusters that have developed organically.
A good example of this is in India, where clusters are developing relatively quickly
and are mostly driven by market needs.70 In contrast, although some clusters in
South Korea have been successful (with some new products being developed), information collected from the interviews suggested that clusters have not been as
productive as expected.71

•

Clusters should focus on encouraging collaboration between public and private entities. Brazil’s structure of the Technological Innovation Nuclei (TIN) is interesting,
as the equipment is shared by institutes and companies located in the TIN. However, no outputs have been produced as they are still in the early stage of development, requiring more investment from pharmaceutical firms.72 This can involve

69

However, it is worth taking into account that it is relatively early to assess this in some cases, such as Brazil, Russia
and South Africa.

70

India has a diversity of clusters, each of them with a different focus. While Andhra Pradesh has research and manufacturing facilities and is home to the Genome Valley, Bangalore is composed of small biotechnology companies
and CROs, and Hyderabad only hosts manufacturing facilities. Although some government policies were encouraged, these were mainly developed though market forces.

71

South Korea’s Daeduk Science Town is one of the more successful bioclusters and is home to South Korean innovative pharmaceutical firms such as LG Life Science that have brought new products to market.
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collaboration between industries using a similar science base. The Korean policy
designates certain bioregions as centres of multiple interrelated industries.73
•

Financial incentives and regulatory benefits can be used to attract multinational
firms to locate in specific regions. Indeed, clusters have been successful at encouraging international companies to locate, but this has commonly been for financial
purposes. International companies interviewed suggested financial incentives
and favourable import and export regulations as positive factors in selecting drug
development and manufacturing sites.

•

The capabilities required to encourage different innovative activities vary. Process
innovation needs to be close to manufacturing facilities, clinical research needs
to be near the best clinical centres and basic and early stage research needs to be
near the best academic centres. It is important that the clusters reflect the type of
innovative activity (1) where there is a pre-existing capability and (2) are consistent with the aims of the innovation policy.

3.4. Direct public support for investment in R&D

Given the economic and social benefits of innovative activities, some governments
have encouraged research directly. There are several tools that governments can use
to offer support for research activities, including direct government funding, cooperation arrangements between firms, research institutes and universities and loan
guarantees.
The literature analysing the effect on direct public support on innovation concludes
that public research acts as a complement to private innovative activities in both developed and transition economies.74,75 This suggests that public innovation should not
be a standalone activity as the greatest benefits are when public and private investment work together. However, evidence in middle-income countries is still too scarce
to draw direct conclusions on the effect of direct public support for investment in research in these countries.
Evidence from the case studies

The importance of public funding on innovative activities varies within countries.
In Brazil or South Africa, government-funded research makes up the majority of research activity, but in others like India and South Korea, privately funded research is
the main driver of innovative activities. Table 12 summarises the major policies applied to provide funding for investment in research.
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Table 12: Direct funding support for investments in research
Policies applied to provide direct funding for investment in research

•

Brazil’s research budget was increased by the Science Ministry from $600 million
to $4 billion during the past decade and now accounts for more than 60% of all
research spending in South America. In the first stage of Profarma, $1 billion was
invested into building up manufacturing facilities. The second stage budgeted $1.5
billion for innovative activities, which includes financing new firms and plants. The
budget was later raised to $1.7 billion.

•

BNDES offers a pre-seed grant programme called Criatec, which, in the latest
reporting year, had made 13 investments totalling $10.5 million across all advancedtechnology sectors. This is aimed to prepare start-up companies for formal venture
capital.

•

China has increased its R&D investment by 10% each year for the past 10 years.

Brazil

China currently is investing about 1.75% of GDP in R&D. China’s leaders have set a
goal of 2.5%.76 Between 2000 and 2005, the central Chinese government invested
a total of US$1.8 billion in biotechnology R&D, compared to a private sector
investment of US$60 million in the same time frame.5

China

India

•

China’s Innovation Fund for Small Technology‐Based Firms offers more than
$600 million in start-up capital in the form of grants, subsidised loans and equity
investments up to 20% of a company’s capital base to companies engaged in
technology commercialisation and innovation.77

•

The Indian government does not provide much direct investment in R&D. For
example, approximately Rs.0.2 billion of public funds was spent on pharmaceutical
R&D in 2003–2004, while industry spent Rs.0.9 billion in the same time period.

•

The Ministry of Commerce created a US$20 million venture capital fund for R&D
in pharmaceuticals geared toward domestic firms. The government also provides
soft-loan schemes for R&D, which many Indian companies use. Seed money to start
research is also available, but it only covers a small fraction of total costs.

•

Pharma 2020 has a budget of US$6 billion to be spent during the programme, of
which 60% is to be spent on R&D.

•

Since 2006, the Russian state has supported the development of an indigenous
venture capital industry through the Russian Venture Company (RVC), which invests
in other venture capital funds. RVC is capitalised at US$1 billion and has already
invested 75% of their funds across sectors, including the living systems” sector.
RVC also manages funds that make direct investments, some of which include RVC
Biopharmaceutical Investments (BioFund), InfraFund for S&T infrastructure service
providers and a seed fund that invests in start-ups.

•

Support Programme for Industrial Innovation (SPII) provides grants for product and
process development. SPII invested US$16.8 million for the year ending March 2010.

•

The South Africa Industrial Development Corporation maintains a Venture Capital
Strategic Business Unit, which can invest up to US$15 million in companies in
exchange for an equity state of 25 to 50%.

•

South Korea’s national plan calls for increasing its already impressive 3.4% to 5%
by 2012.

•

However, South Korea has a high percentage of total R&D that is financed by the
private sector.

Russia

South
Africa

South
Korea

Source: Charles River Associates

76

Battelle Technology Partnership Practice, ‘The Biopharmaceutical Research and Development Enterprise: Growth
Platform for Economies around the World’, prepared for PhRMA, May 2012.

77

F. Zhang, P. Cooke, and F. Wu, ‘State-Sponsored Research and Development: A Case Study of China’s Biotechnology’, Regional Studies 45(5), May 2011.

Charles River Associates

Policies that encourage innovation in middle-income countries

57

Evidence from the case studies suggests public spending by itself does not guarantee successful innovation as elements other than funding are required to guarantee
success. However, public funding can play an important role in developing the infrastructure and in , in particular:
•

Innovative activities should be developed by private as well as public entities. In line
with existing literature, we found that the amount of public funding is insufficient
to successfully produce innovative outputs (unsurprising given that developing a
novel new medicine cost over $1 billion). In fact, one of the limitations of early efforts to develop an innovative industry using public research institutes in South
Korea was the insufficient funding they received—only when partnership between
public entities and private companies occurred was there significant progress.

•

Public investment in research has been useful when focused on local needs. Successful government investment in research is normally associated with projects that
are aimed at developing local diseases. In South Africa, for example, public funds
have been dedicated to research activities on burden diseases, which has given
South Africa a comparative advantage in such disease areas. Although no output
has been developed, evidence from the interviews suggests that several NCEs will
be on the market in the near future.

•

Results from publicly funded projects take several years in order to materialise, and therefore consistent and continuous funding is necessary. It takes time to see innovative output
from government research, and in many cases government investment in R&D has not
yet resulted in any positive innovative results. The Beijing Genomics Institute (BGI)78 is
an example of a government-funded project that built the foundations for successful
innovation, and it took many years to produce positive outcomes. The institute was created as part of the Human Genome Project and successfully sequenced 1% of human
genome to 99% accuracy in 1999. Currently it has very high sequencing capabilities, enabling companies to sequence genes without building their own facilities and was cited
in interviews as an attractive factor for locating research activities in China.

3.5. Regulation of the clinical environment

Governments clearly set the regulatory environment for innovation. This is seen as
particularly important for clinical trials.79 Countries hosting clinical trials thus must
provide an appropriate regulatory structure such that innovators are able to recruit
treatment-naïve patients efficiently and have good clinical infrastructure and scientific capital to conduct the studies. As set out in Chapter 2, middle-income countries have been increasingly successful at attracting clinical trials. Indeed, surveys
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conducted revealed that regulatory systems and the speed of response of the regulatory agencies are the major concerns of regulators and industry.80
Evidence from the case studies

As set out in Chapter 2, there has been a significant increase in clinical trials occurring in middle-income countries. However, this performance varies dramatically
across the individual case study countries. For example, there has been a significant
increase in the number of clinical trials occurring in India, South Korea and China
(undertaken to a significant extent by Contract Research Organisations [CROs]). In
other markets, the number of clinical trials is significant but appears to be declining
or steady—for example, South Africa and Russia. In terms of the types of trial, only
China, South Korea and India have attracted early phases (with over 10% in Phase I).
Our case studies illustrate how middle-income countries are an attractive location for
pharmaceutical companies to conduct clinical trials for a number of reasons:
•

Market access: Clinical trials conducted in the host country on the host population are sometimes required for marketing approval (China, Russia).

•

Patient pool: Developing countries tend to have a larger pool of treatment-naïve patients
simply because of lack of access to medicines (India). Some countries also have a population that is genetically different, so that trials have to be undertaken in these markets
to show the effectiveness of medicines for these populations (China, South Korea).

•

Clinical infrastructure: The quality of infrastructure also influences the decision
on where clinical trials are conducted. For example, places with better CROs, hospitals, or electronic databases may be favoured over other places with less sophisticated infrastructure.

•

Clinical trials regulations: Companies prefer to conduct clinical trials in countries with
a faster clinical trial approval process (South Korea). It takes on average 60 to 80 days
in developed markets such as the US and Europe for clinical trials to get approved. In
developing markets, the process is more variable and can take up to and over a year (all
others). The regulatory requirements in each country are summarised in Table 13.

•

Lower labour costs: There are lower labour costs in middle-income markets,
which may attract the location of activities requiring scientific skills available
in middle-income markets. China and India, for instance, are examples of countries offering scientific skills required for developing clinical trials comparable
to developed countries.

Among the factors described above, the interviewees agreed that the most important
factors are the availability of scientific talent and market access.
80

There are many papers examining the characteristics that make countries attractive as a location of clinical trials.
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Table 13: Description of the regulatory approval for clinical trials
Regulatory approvals to develop clinical trials

Brazil

In order to get clinical trials approval firms need to apply to ANVISA, the Brazilian Health
Surveillance Agency and the CONEP, the National Commission for Ethics in Research. It
takes on average 10 to 14 months before a clinical trial is approved in Brazil. There are
plans to streamline the process and reduce the time required for approval. Regulatory
approval does not require trials to be conducted in Brazil.

China

Companies need to submit proprietary data that is not required for clinical trial approval
in other countries, which prompts data protection concerns. A lot of the documents and
data required are not available at the time of application, so that also causes a delay,
resulting in China starting patient recruitment when the rest of the world has already
completed recruitment. It generally takes eight months to a year for clinical trials to be
approved. Phase III trials conducted in China are required for marketing approval.

India

Applications for clinical trials must go through a committee of 10 to 12 unpaid experts
for approval. The Drugs Controller General of India (DCGI) declared a timeline of 45 days
for clinical trial approval, but multinational firms have submitted clinical trial applications
and not received a decision even after nine months. Phase I trials cannot be conducted in
India by international firms.

Russia

‘On the circulation of medicines’, a law that came into effect in September 2010,
stipulates that clinical trials must be conducted in Russia before they can be sold in the
country. There is variation in the length of time for clinical trial approvals, depending on
the level of breakthrough and severity of side effects.

South
Africa

Currently the regulatory process is relatively slow. However, the government is studying
how to increase the efficiency of the regulatory approval. In order to get marketing approval,
clinical trials of drugs must be carried out in compliance with Good Clinical Practice
Guidelines and WHO “Model list of items to be included in a clinical trial protocol”

South
Korea

In 2000, the Investigational New Drug (IND) application was disassociated from the New
Drug Application (NDA), which sped up the approval process. It takes one to two months
for clinical trials to be approved. Local clinical trials are required for marketing approval.

Source: Charles River Associates

Given the importance that attracting clinical trials has, most of the countries analysed
have policies to build up clinical trial infrastructure. Table 14 summarises these measures.

Table 14: Policies applied to promote strong infrastructure for clinical trials
Measures to promote a strong infrastructure to develop clinical trials

Brazil

One of the subprogrammes of Profarma includes funding investment in infrastructures
to develop R&D. However, there is no specific mention on the encouragement of clinical
trials. Currently the Brazilian Health Surveillance Agency is planning to approve a new
regulation aimed at reducing the approval processes when applying for clinical trials.

China

The government has invested in improving the clinical trial capabilities of hospitals as
well as help set up electronic systems to process clinical trials. In 2007, the Chinese
Clinical Trial Registry (ChiCTR) was launched

India

National Innovation Act 2008, which has yet to be implemented, raised possibilities for
improving infrastructure of research institutes but nothing directly related to clinical
trials. Clinical Trial Registry–India (CTRI) was launched in 2007.

Russia

Pharma 2020 does not specifically mention any measure for developing the clinical trial
infrastructure.

South
Africa

The government has invested in building the necessary infrastructure to develop clinical
trials at an international standard. Hospitals and research centres are able to perform
clinical trials.

South
Korea

The Korean National Enterprise for Clinical Trials (KoNECT) was established to serve
as a hub for international clinical trials. There are 14 regional centres to train clinical
research personnel.

Source: Charles River Associates
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From the research and interviews developed we found that:
•

Clinical development clearly needs expertise and human capital to manage and
supervise trials to international standards. Undertaking all clinical trials is complex and technically demanding, thus having experienced clinical investigators
is clearly important. However, only with strong academic capabilities are countries able to attract early-phase clinical trials. Indeed, looking at the distribution
among the different phases, it is worth mentioning that China and South Korea,
countries that are developing a strong academic workforce, are attracting a larger
number of Phase I trials.

•

Market potential is an important determinant of clinical trial location. The motivation for undertaking trials in a particular country is increased if the product is
intended to be marketed in the same country—particularly if local evidence and
clinical support is important in its appraisal (hence we would expect a relationship between market potential and number of trials). This is illustrated in Figure
21. However, there are countries like South Africa that receive a small number of
clinical trials for their market size, whereas South Korea attracts a larger number
of clinical trials in relation to the rest of the case studies.

Figure 21: Total clinical trials versus pharmaceutical market size, 2006–2010
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•

The regulatory process for starting clinical trials is influential in the location of clinical trials. As noted above, South Africa and Russia have slow regulatory processes,
and among the countries analysed, they are attracting the lowest number of clinical trials. Additionally, regulatory requirements can be a constraint on undertaking clinical trials. For example, in India and China, it is not possible to conduct
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Phase I trials if they have not been undertaken in other markets.81 Despite this,
these two countries have successfully managed to attract a large number of clinical trials in later phases of development.

3.6. Summary
In this chapter, we have examined government policies associated with building up
the innovative capacity in middle-income markets. Developing a scientific base and
infrastructure is clearly the foundation of the innovation policy. Qualified researchers
working closely with medical schools and modern hospitals are an important driver of
clinical trials. Early stage research requires world-class academic centres and qualified scientists around which private companies can cluster.
Governments can encourage innovation through developing clusters and favourable
regulatory environments for clinical trials. In both cases, however, this is a necessary
but not sufficient condition for innovation. Successful clusters need public and private
enterprise to work together to develop and commercialise research. Whilst clinical
trials regulation is clearly important (and a slow and cumbersome regulator process
can act as a barrier for clinical trial activity), the amount of clinical trials activity is
clearly also influenced by the market opportunity and the size and diversity of the
population.

81
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In the last chapter, we considered government policy that was directly aimed at developing innovative capacity in a given middle-income market. In this chapter, we
consider the policy aimed at incentivising investment in innovation. Specifically, we
consider policy on intellectual property, foreign direct investment and encouraging
collaboration between industry, government and academia.

4.1. The role of intellectual property

One of the rationales for patent protection is that granting exclusive rights to innovators will enable them to reap the benefits and recoup the costs of R&D investments,
increasing their incentives to innovate. An appropriate national intellectual property
(IP) environment is often described as fundamental to pharmaceutical innovation.82
However, the relationship between the location of R&D and innovation has always
been more complex. As set out by Cockburn, there is no obvious connection between
the degree of patent protection in the local product market and the productivity of
R&D conducted in any given country; however, the nature of a country’s IP regime appears to affect international companies’ willingness to conduct R&D activities there.83
There are many existing papers that report a positive relationship between the IP protection system (primarily patents) and levels of innovative activity. Although the majority of the literature is focused on developed countries, there is also some evidence
on the effect in middle-income markets.84 Thus a recent study developed by the OECD
attributes part of the success of the pharmaceutical sector of India, China and Brazil
to the introduction of product patent protection.85 A positive relationship between the
strengthening of the IP system and different measures of innovation has also been
found in different middle-income countries:
•

A survey published by the World Intellectual Property Organisation (WIPO) and
the United Nations University (UNU) showed that there is a positive correlation
between the strengthening of the IP system and innovation in terms of R&D and
technology transfer.86

•

Another survey including a number of Asian developing countries concluded that
a stronger level of IP protection leads to increases in FDI, which accelerates industrial development.87

82

We understand an appropriate national IP environment if the IP regime is granting strong patents coupled with
effective court enforcement and protection for proprietary regulatory data.
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•

An article analysing the introduction of pharmaceutical patents in Argentina
found that companies started adopting new competitive strategies as a result of
the enforcement of IP protection. Among other strategies, local firms started to
conduct agreements and alliances with foreign manufacturers for cooperative
production and co-marketing.88

•

A statistical study by Kabore of Sub-Saharan African countries (including South
Africa)89 found a strong positive relationship between the level of IP protection
and the number of patent applications filed by local applicants, leading to the
clear policy implication that strengthening IPRs fosters domestic and local innovation and, hence, economic growth.

•

A paper by Klein,90 which surveyed biopharmaceutical innovation in China, Brazil and India, points out that a growing number of indigenous companies are investing in innovation on diseases that primarily affect the poor, in part encouraged by an improved IP environment. Adoption of the TRIPS agreement by these
countries creates a greater impetus for value generation through innovation.

•

IP may also be important for encouraging collaboration between companies,
particularly international and domestic companies. In order to attract external
technology that developing countries can then adapt for local use, countries need
strong intellectual property protection and enforcement.91

However, there is also evidence showing that even though a positive relationship exists, it may not be statistically significant, especially with regard to the total number of
patent applications filed (irrespective of location). This is exemplified in a recent study
evaluating the impact of a stronger pharmaceutical IP system on innovation in both
developed and developing countries.92
There is also a range of papers and organisations that indicate that IP protection only
has a positive impact when a country has developed its scientific and technological infrastructure. There is some evidence that IP protection becomes important at a certain
stage of development, but that stage is not reached until a country is well into the category of upper-middle-income developing countries.93, 94 This bears out Qian’s crosscountry analysis of pharmaceutical patent protection for 1978–2002, which found
that patent laws in nations with high levels of development, education and economic
freedom do stimulate innovation.95 Similarly, other authors have shown that although
88
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R&D activity has increased following strengthening of IP protection, it is still largely
confined to process and formulation developments for existing drugs rather than to
new chemical entities.96, 97, 98
Evidence from the case studies

The case studies provide a useful basis from which to compare the impact of IP. Even
though all the countries analysed are signatories to TRIPS,99 not all of them provide
the same conditions regarding the strength100 of their IP regime, and their participation in TRIPS occurred at different points in time.
Based on the interviews undertaken for this project, the relative strengths are shown in
Table 15. While China and South Korea are now generally perceived to have strong IP
systems, countries like Brazil, India and South Africa are perceived as having relatively
weaker systems. Concerns have been expressed that they do not have data exclusivity, or
even if rules exist, there is a concern regarding the implementation in the courts.

Table 15: The intellectual property regime and data protection
Signatories to
GATT/TRIPS

Data exclusivity*

Perception of IP
protection by courts**

Brazil

Yes

Absent

Weak

China

Yes

6 years

Strong

Colombia

Yes

5 years

Good

India

Yes

Absent

Weak

Malaysia

Yes

5 years

Good

Pending

6 years

Good

South Africa

Yes

Absent

Good***

South
Korea

Yes

4 or 6 years

Strong

Russia

Source: CRA analysis and IFPMA, ‘Data Exclusivity: Encouraging Development of New Medicines’, July 2011. *Data exclusivity is
defined as the duration of time during which only the owner or generator of preclinical and clinical trial data can be used for the
purposes of marketing authorisation. **Order of perception: Weak, Good and Strong with Weak being the poorest and Strong the
best perceived. *** We understand there are proposals to change the intellectual property rules under discussion.

Overall the evidence suggests that the existence of an effective IP regime is an important prerequisite for innovation to develop.
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International Journal of Institutions and Economies 3, no. 2 (2011).
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M. Kyle and A. McGahan, “Investments in Pharmaceuticals Before and After TRIPS,” Review of Economics and
Statistics, March 2011, available at http://margaretkyle.net/TRIPS.pdf.
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100

Note: the “strength” of IP system referred to here is a qualitative assessment, taking account of factors including of
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•

•

A strong IP regime is necessary but not sufficient alone to promote innovation among
the domestic industry. Without local regulations that protect innovation, domestic
companies have little incentive to innovate and are more likely to produce generics. Looking at the case study countries:
ǊǊ

India is a case study of how the IP regime has changed. Prior to 2005, India
only permitted process patenting and innovation focused on process manufacturing. In 2005, product patenting was recognised, and according to the
interviews, this has prompted more domestic Indian firms to start investing
in innovative activities.101

ǊǊ

In contrast, China permitted product patenting from 1985 and further
strengthened the intellectual property regime in October 2009. The perceived
strength of the IP regime is reported as one of the drivers of domestic innovation and investment.102

ǊǊ

Likewise, South Korea is perceived as having a robust IP regime and also has
developed new drugs, although it should be noted that changes in the IP regime were not turning points for the pharmaceutical industry, illustrating
that IP is necessary but not sufficient.

A strong IP regime is also important for international companies when deciding on
the location of R&D centres (although less of an issue for clinical trials). Companies
clearly want to make sure the output of R&D programmes are protected:
ǊǊ

According to CRA interviews, the strength of the IP protection in China is one
of the reasons encouraging the location of early stage research centres.

ǊǊ

The implementation of IP rules is as important as the rules themselves. In the
interviews, there were significant concerns regarding the situation in India.
In particular, the two high-profile cases (the rejection of the Gleevec patent103
and the compulsory licensing of Nexavar104) that are interpreted as signaling
weaker IP protection. There is anecdotal evidence that this has caused international companies to reconsider their investment strategy in India.

ǊǊ

The IP regime in Russia is not perceived to be as strong as China’s and the majority of international investment is in manufacturing facilities. There is only
one R&D facility in each country, compared to 12 in China.105 The presence
of manufacturing facilities can be explained by international companies

101

This is consistent with Cockburn: “Sustained profitability, together with the introduction of domestic product
patents for pharmaceuticals in 2005 as part of the TRIPS agreement, has prompted some of these companies to
increase R&D spending and take on drug development projects.” It should be noted that there are some exceptions
to this. For example, Nicolas Piramal and Dr. Reddy’s Laboratories started doing research on NCEs in the 1990s,
prior to product patenting, but these are exceptions.
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R. Rashmi, ‘Recent Development in Indian and Chinese Intellectual Property Laws and Investment Policies in
WTO Regime: A Comparative Analysis of the Efficiency to Attract Foreign Investment’.
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C. O’Dea, ‘Novartis Awaits Cancer Drug Ruling in India’, March 13, 2012, available at http://www.swissinfo.ch/
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wishing to gain access to the two country’s large markets, among other factors as opposed to the IP regime.
•

A strong IP regime also appears to affect location of clinical trials. This may be because weak patent protection for products is often seen as connected to weak legal
protection of other forms of IP, such as trade secrets and associated contractual
agreements with employees and suppliers, and limited avenues to enforce these
rights.106

It was noted in the interviews that there is a perceived tension between an IP regime
appropriate for encouraging manufacturing (and process innovation) and that for
NCE innovation. It was argued that lower IP standards are conducive to reverse engineering and tend to focus any innovation on processes and manufacturing. However,
to encourage innovative activity around NCEs, the evidence suggests robust IP is required. We have found little evidence to indicate that having a strong manufacturing
base assists the development of innovative activities.

4.2. Collaboration between industry, government and academia

Technology transfer is another approach to improving a country’s ability to use innovative medicines by strengthening the expertise of the local scientific and medical
communities.107 For instance, an econometric study on the R&D determinants in the
India industry showed a positive and significant relationship between public institute’s collaboration with private entities and the level of innovation in the country.108
Additionally, a large number of studies analysing the successful factors that have driven innovative activities in emerging markets pointed out the collaboration among different stakeholders as a key determinant of the success.109
A recent IFPMA report captured different examples of collaboration between international and domestic manufacturers. Unsurprisingly, the largest number of cases was
found in China, followed by Brazil, India and South Africa. This is shown in Figure 22.
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109
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Biotechnology (2004); L. Mytelka, ‘Pathways and Policies to (Bio) Pharmaceutical Innovation Systems in Developing Countries’, University Technology Transfer and National Systems of Innovation 13, no. 4(2006); B. Killic,
‘Boosting Pharmaceutical Innovation in the Post-Trips Era: The Real Life Lessons for the Developing World’, PhD
thesis for the degree of Doctor of Philosophy, Queen Mary University of London, 2011.
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Figure 22: Number of technology transfer cases per country, 2000–2011
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Evidence from the case studies

It is not surprising that governments have been encouraging the development of
stronger links between industry, government and academia. A variety of measures
have been used by policymakers that are either focused on developing linkages between industry and academia or between international and national industry.
Promoting collaboration between industry and academia
Several measures are used in the case study countries, as summarised in Table 16, to encourage the collaboration between industry and academia, with the most relevant being:
•

Reforming university and public R&D systems. Efforts have been made to improve
the quality and interdisciplinary capabilities (China), while in other cases reforms were aimed at encouraging greater interaction and collaboration between
universities and private industry.

•

Liberalisation of academic research outputs. Several countries (Brazil, India and
South Korea) have adopted legislation similar to the Bayh-Dole Act.110 In its original
form, the Act gives institutions ownership of any IP that resulted from government
funding, thus allowing patents to be licensed out for commercialisation. The adoption of the law in essence allows for collaboration between academia and industry.

110

The Bayh-Dole Act was developed in the United States to deal with intellectual property arising from federal-government-funded research. It allows a university, small business, or non-profit institution to elect to pursue ownership of an invention in preference to the government.
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•

Creating mechanisms to accelerate commercialisation of university‐developed technologies. China’s New Drug Creation Programme requires at least one pharmaceutical industry to be involved to receive funding. India also aims to establish a
platform to allow for commercialisation of academic research.

•

Programmes designed for public-private partnerships. The New Millennium Indian Technology Leadership Initiative (NMITLI) is a public-private partnership
within the R&D space. In Brazil, PharmaVet and a Brazilian university worked
together to develop a vaccine for a parasite and was mainly funded by the government. Twenty-nine partnerships between government laboratories and foreign
laboratories to produce 30 medications were formed by February 2012.111

Table 16: Policies applied to promote the collaboration between industry and
academia
Policies to promote industry and academia collaboration

Brazil

Until the approval of the Innovation Law in 2004, academics were not allowed to be
employed by the industry and any source of collaboration between public and private
entities was forbidden.

China

China’s New Drug Creation Programme requires at least one pharmaceutical firm to be
involved in order to receive funding

India

The National Innovation Act of 2008 aimed to establish a platform to allow for
commercialisation of research. However, since the plan was not implemented, it is not
clear to what extent these measures were applied. A bill modelled after the US’s BayhDole Act was passed in 2006 to encourage commercialisation of academic findings.
CSIR’s New Millennium Indian Technology Leadership Initiative (NMITLI) is a publicprivate partnership effort within the R&D space and has 60 projects across technology
fields, including biotechnology and pharmaceuticals.

Russia

Under Russia’s current government, there has been increased emphasis on reforming
the university system to infuse a responsibility for research and innovation into a
system that had formerly been focused only on higher education. The Biotechnological
Consortium for Medicine and Agriculture is a pilot public-private partnership programme
that involves 30 Russian and foreign enterprises with interests in biotechnology,
including medical biotechnology. There is also an online Technology Transfer Network
which links offers of IP across all fields, including the life sciences, at 68 universities,
institutes and centres with potential licensees or partners worldwide.

South
Africa

Agencies supporting relations within industry and academia (TIA) through regional
programmes researching HIV-AIDS PPP are encouraged.

South
Korea

The Bayh-Dole Act was also adopted in the late 1990s to encourage professors and
researchers to work with private firms. Two hundred sixty-eight incubation centres
were established for industry-university collaboration across industries. The Small and
Medium Business Administration also offers financial support for industry-academic
R&D linkages.

Source: Charles River Associates

Promoting collaboration between domestic and international companies
Policies to encourage collaboration between domestic and international firms are not
as widespread as policies to encourage collaboration between academia and industry.
Table 17 summarises the measures applied to promote collaborative activities within
domestic and international industry. We found that:
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Prospectiva, ‘An Assessment of Industrial Policies for the Pharmaceutical Sector’, commissioned research for Interfarma, 2012.
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•

Both India and China take a free-market approach toward encouraging collaboration between domestic and international firms. In these countries joint ventures
are common for international companies trying to enter the market. South Korea has an agency to promote collaboration between domestic and international
firms, but no special incentives are offered.

•

The use of domestic CROs is common for some international companies wishing
to conduct clinical trials in the case study countries (China, India and Russia);
however, they are still mainly used by domestic firms.

•

Countries that focus on building up manufacturing tend to provide incentives for
developing collaborations between domestic and international industry. For example, Brazil encourages technology transfer from multinational companies by
awarding them with contracts. Russia, which aims to build up manufacturing capabilities, also aims to improve the relationship between local and international
companies through Pharma 2020. However, it is not clear to what extent this will
result in an increase in the innovative activity.

Table 17: Policies applied to promote the collaboration between domestic and
international industry
Policies to promote domestic and international collaboration

Brazil

In recent years, the government is encouraging technology transfer from multinationals.
This is required if they are to supply certain pharmaceutical products to the domestic
market. Preference is given for companies with manufacturing facilities in Brazil.

China

Policies tend to be focused on the whole industry. Pharmaceutical firms with
manufacturing facilities in China area treated as domestic entities.

India

n/a

Russia

Pharma 2020 has centred the attention on the promotion of TT between local and
international manufacturers. Pharma 2020 aims to:
Encourage joint clinical tests and licence transfer to Russian partners
Establish joint structures of researchers and manufacturing for licence acquisition and
establishment of production sites on the territory of Russia
Promote home production of high-tech and biotech substances
Establish technology transfer centres abroad

South
Africa

Public-private partnerships (PPPs) are encouraged through regional programmes
researching HIV-AIDS. Government gives certain advantages to domestic industry so
international companies are developing links with local manufacturers.
Licensing also helps to promote TT.

South
Korea

The Korean Trade and Investment Promotion Cooperation (KOTRA) was established to
promote collaboration between domestic and foreign firms.

Source: Charles River Associates

Although all stakeholders recognise that collaboration within industry, government
and academia is a key element to promote innovation, evidence from the case studies
suggests that the link between collaboration and innovation is not as clear. From the
interviews conducted, we found that:
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•

Collaborative activities arise from voluntary collaboration rather than incentives
created by the government. For example, international companies collaborate
with China’s Beijing Genomics Institute (BGI) due to their gene-sequencing capabilities, while in South Korea international companies collaborate with the
Korean Research Institute of Bioscience and Biotechnology (KRIBB) due to their
research capabilities.

•

Collaborations with public institutes tend to be more beneficial for drug development and discovery of drugs that address the local needs as opposed to collaboration to develop commercial drugs. Two malaria drugs developed locally in India
and commercialised in 2012 by Ranbaxy and Cipla were done in collaboration
with public institutes. Ranbaxy’s Synriam was partly financed through the Ministry of Science, while Cipla’s Meflian was launched as a joint venture with the
Drugs for Neglected Disease Initiative (DNDi). CRA interviews also suggested
that India’s model of ‘inclusive innovation’ through public institutes and research
plays a key role in developing the drugs, which are then commercialised by domestic companies.

•

Collaboration brings significant value to domestic innovation. Where new medicines
have been developed by local firms, partnership with international companies is often
vital to finance the medicine pipeline in order to bear the high costs and risk of failure.112

•

Collaboration within industry and academia is still at a very early stage for some
of the countries analysed. Indeed, as mentioned above, allowing the collaboration
between industry and academia is still very recent in countries like Brazil or India.

4.3. Encouraging foreign direct investment

The level of foreign direct investment (FDI) in the pharmaceutical sector has increased in the
last decade. Indeed, the number of new greenfield projects in pharmaceuticals increased
globally from 198 in 2007 to 236 in 2009.113 This positive trend can also be seen using data on
the amount of FDI outflows in the pharmaceutical sector from OECD countries (Figure 23).

112

This is consistent with N. Kiriyama, ‘Trade and Innovation: Pharmaceuticals’, OECD Trade Policy Working Papers,
No. 113, OECD Publishing, 2011.
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UNCTAD, ‘World Investment Report 2010: Investing in a Low-Carbon Economy’, 2010.
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Figure 23: Outward FDI from OECD countries, excluding South Korea, in
pharmaceuticals and medicinal, chemical and botanical products, 2001–2010 (M USD)
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The literature on the effects of FDI on innovation presents mixed results, suggesting
that the presence of FDI alone does not guarantee an elevation of innovation levels in
domestic industry but are contingent on a variety of other factors. Recent literature
from middle-income countries finds that:
•

From data on the Mexican manufacturing industry, Kokko makes the case that
technology spillovers from FDI are conditional on the technology level of local
firms relative to that of foreign firms.114

•

In a study using panel data on the Czech firms across industries, Kinoshita
found that local firms benefit from foreign presence only if they are already engaging in R&D activities. Firms in oligopolistic industries experienced positive
effects on productivity the higher the levels of foreign presence and R&D as a
ratio of revenue. Examples of these industries are electric machinery, radio and
television.115

•

In a cross-industry study of Brazil, Russia, India, China and South Africa, Cassiolato found that the contribution of FDI to local innovation has been limited.116 The
paper found that the R&D spend as a portion of sales was higher for local companies compared to international companies. There were some vertical productivity spillovers in some countries and sectors, but little horizontal productivity or
technological spillovers. Cassiolato concluded that studies show that FDI does not

114

A. Kokko, ‘Technology, Market Characteristics, and Spillovers’, Journal of Development Economics 32, no. 2 (April 1994).

115	Y. Kinoshita, ‘R&D and Technology Spillovers via FDI: Innovation and Absorptive Capacity’, CERGE-EI, CEPR and
WDI, November 2000.
116

J.E. Cassiolato, ‘FDI and National Systems of Innovation: Lessons from the Experience of BRICS’, October 2010.
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improve innovative capacity of local industry and that government policies and
national institutions matter more in sectors that are ‘more dynamic in terms of
innovation making’.
Evidence from the case studies

Unsurprisingly, when looking at the level of investments in manufacturing and R&D
facilities by international companies, we found China to have the highest level of expenditures. As shown in Figure 24, the level of investment by foreign companies in
China is more 50% higher than that in India, which is the country with the second
highest levels of investments.

Figure 24: Composition of inward investment in drugs and pharmaceuticals, 2003–2010
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Most of the case study countries have financial incentives to encourage innovation as
shown in Table 18.
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Table 18: Tax policies applied to encourage foreign direct investment in innovation
activites
Tax benefits

•
•
•
Brazil

•
•
•
•
•
•

China
•
•
India

150% super deduction of the qualifying R&D expenses
Business Tax Exemption for the transfer of qualified technology
Corporate tax rate for companies granted High and New Technology
Enterprise (HNTE) status is reduced from 25% to 15%
Newly established Technology and Software companies receive a tax holiday
(and new established HNTEs in certain provinces may receive tax holidays)
Enterprise Income Tax exemptions for certain qualified technology transfers
Unknown

•

Russia

In the second stage of Profarma, foreign companies could benefit from
government loans. It also allowed the introduction of tax benefits
160% super deduction of the total R&D expenditures
The super deduction increases to 170% of the qualified expenses if the entity
increases the amount of researchers by up to 5% in a given year
The super deduction increases to 180% of the qualified expenses if the entity
increases the amount of researchers by more than 5% in a given year
Enhanced R&D tax super deduction for patents is an extra 20% deduction
when a patent is registered
Other excise and withholding tax exemptions available

•
•

Value added tax (VAT): Full VAT exemption for new products and technologies
development or conceptual improvements of existing products and
technologies
150% super deduction for certain R&D expenses
In February 2011, the Russian Venture Company announced the creation of a
Biopharmaceutical Fund to attract foreign investment to the pharmaceutical
industry. In August 2010, a government decree (Number 1,141) indicated a list
of 57 ‘strategically important’ medicines to be manufactured in the country
from 2015. These drugs are included in a special programme that aims to
incentivise manufacturing in Russia.

South
Africa

•
•

150% volume-based super deduction
Accelerated depreciation for R&D related capital expenditures

South
Korea

•
•
•

Tax credits for SMEs and large companies
Investment tax credits
3% deduction of revenue from taxable income

Source: Charles River Associates

The evidence from the case studies suggests that there is a positive relationship between FDI and the development of innovation, but this relation is not straightforward.
We found that:
•

The pharmaceutical market size is one of the main drivers of FDI. Market size and
market growth rate is the best predictor of FDI as the level of foreign investment
is directly related with the pharmaceutical market growth. Indeed, China’s large
pharmaceutical market size and high growth rate corresponds to the high levels of greenfield investment by pharmaceutical multinational companies. Brazil
comes in second in terms of market size and levels of pharmaceutical investment.
Although India comes in fifth in terms of its market size in 2010, it comes in third
for FDI between 2005 and 2012. This could be due to the high growth rate of the
Indian market compared to the South Korean market and higher availability of
human capital compared to the Russian market.

Charles River Associates

Policies that encourage innovation in middle-income countries

75

Figure 25: Pharmaceutical market size, 2006–2010
50,000
45,000

Market size (MM USD)

40,000
35,000
30,000
25,000
20,000
15,000
10,000
5,000
0
China

Brazil

Russia

2006

South
Korea

2007

India

2008

South
Africa

2009

Colombia Malaysia

2010

Source: MarketLine pharmaceutical industry profiles, January 2012; Arcila, R., “Pharmaceutical Industry in Colombia,” ANDI Cámara
de la Industria Farmacéutica, 2012 for Colombia data; and CRA analysis from various sources for Malaysia117

•

While market size is important in determining the total level of FDI, some countries may attract a comparatively higher level of inward investment. Figure 26
shows that while Malaysia has a low level of inward investment in pharmaceuticals in absolute terms, relative to the size of the pharmaceutical market size it
is must more impressive. Similarly, the amount of investment in pharmaceutical
R&D that South Africa is attracting is fairly high compared to its market size.
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See http://www.cybermediaservicesdigitalmag.com/admin/magazines/vol3_issue22/BSA_pages/BSA_Vol3_Issue22.pdf for 2006 and 2007 data; http://www.biotechcorp.com.my/wp-content/uploads/2011/11/publications/
White_Paper_HealthCare.pdf for 2008 data; http://www.mopi.org.my/ for 2009 data, and http://www.phama.org.
my/index.cfm?&menuid=65 for 2010 data.
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•

FDI has been useful in developing domestic innovative capability. This includes
participation in clinical trials sponsored by international companies. These have
contributed to raising the standard of domestic clinical trial activity—for example, with international companies (and their regulators) requiring compliance
with Good Clinical Practice.118

•

Not all the FDI received in middle-income countries is directly translated into the
development of innovative activities. First, most international companies have
manufacturing plants in several countries, although not all of them have established research facilities. Russia and Brazil are the clearest examples as there are
manufacturing plants from international manufacturers, but only one of them
has a research facility established. Companies interviewed stated that decisions
on establishing research centres in middle-income markets are made independently of where they have manufacturing facilities. Second, FDI also includes
mergers and acquisitions. Local companies that manufacture generic drugs are
sometimes M&A targets of foreign pharmaceutical firms wishing to gain market
access to the case study countries. Such activity does not necessary result in a
change in the innovative activities taking place.

4.4. Summary
In this chapter, we have considered the role of intellectual property, the use of technology transfer to improve collaboration within stakeholders and encourage foreign
direct investment. There is clear evidence that they contribute to innovative activities
in middle-income markets, but they need to be used in conjunction with other policy
instruments.

118

This is consistent with N. Kiriyama, ‘Trade and Innovation: Pharmaceuticals’, OECD Trade Policy Working Papers,
No. 113, OECD Publishing, 2011.
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5
The impact of the
changes in the global
business model
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At present the core model of the innovative pharmaceutical sector is undergoing substantial changes due to challenges to its business model from lower R&D productivity, generic competition and funding crises in its healthcare system customers worldwide.119 There has been a substantial withdrawal of international companies from
conducting research in their own laboratories. This has been complicated by the shift
of basic research onto a far more complex set of biological technologies. The traditional vertically integrated pharmaceutical models have been replaced by a mix of independent universities, research-institute combinations and SME clusters that seek to
invent and patent medicines. This process of drawing in the corporate boundary and
contracting for services outside is now widespread, affecting many corporate functions as illustrated in Figure 27.

Figure 27: The evolution of the pharmaceutical business model
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Source: Collaborative Economics, 2000, Networks of Innovation: Regions Collaborating to Compete in the Global Market National
Gathering of Biotech/Life Science Innovation Regions, BIO2000 Conference

In this chapter, we look at the implications of this for innovation in middle-income
countries. In particular we look at: increasing importance of demand in middle-income markets and slow-down and genericisation in developed markets; the increasing importance of biologic medicines and movement to genetic-based personalised
medicines; and outsourcing and offshoring to increase efficiency and lower costs.

5.1. Developing product portfolios to commercialise in middleincome markets
The stagnation of the pharmaceutical market in the developed markets has created
a need to look toward middle-income markets for additional revenue. As the relative
importance of pharmaceutical markets in middle-income countries grows, this is

119

The Current State of Innovation in the Pharmaceutical Industry’, a report for EFPIA by Charles River Associates,
July 2008.
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likely to lead to greater investment in innovative activities in these markets.120 There
are a number of reasons for this:
•

Drug-approval bodies tend to require clinical trials to be conducted with populations residing in the country where the drug is seeking marketing approval. This
is a requirement used by the State Food and Drug Administration (SFDA) in China
or the Rozdravnadzor in Russia.121, 122 As these markets grow, more clinical trial
activity will take place.

•

Given that the market opportunity is larger, innovation would focus on diseases
affecting these populations.123 For instance, a major reason stated by one international pharmaceutical company for setting up its oncology research centre
in South Korea was the large ethnic pool that the country was offering. This allowed them to study cancers that are more prevalent in Asian populations, while
also providing a good pool to compare different reactions to treatment based on
ethnicity.124

In addition to bringing their existing portfolio offerings to developing markets, multinational firms are also expanding their portfolios to better align with the target country’s clinical needs by in-licensing products developed locally.125
Therefore, the growth in the market opportunity in middle-income countries is itself
encouraging both clinical and early stage research to take place in these markets.

5.2. The biologic revolution and the opportunity of biosimilars
The transition from a chemical (small-molecule) to a biologic (macromolecule) basis
for medicines innovation has been in progress for over 20 years and looks set to continue slowly many more years. This adds greatly to the complexity of any discussion of
the innovation process, because with that broad concept we have two quite distinct
business models operating. This presents a particular challenge to middle-income
countries, because in many cases, most notably India insofar that they have established a technology platform, it is largely based upon chemical manufacturing and
limited initiatives in R&D.

120

However, it is important to take into account that the fast-growing markets for Western medicines in middle-income countries is dominated by off-patent brands of leading big pharmaceutical companies, which are still regarded by private market customers as of superior quality to local generic versions, and hence they are willing
to pay a premium for them. As local companies improve their quality, this source of competitive advantage will
disappear and prices are also likely to be driven much lower. Additionally, state public health systems seek to
expand coverage of less wealthy population segments. And so there is a significant downside risk to the current
big pharmaceutical business model in countries like China. If this type of downside scenario emerges, FDI by big
pharmaceutical companies in the BRIC’s might begin to stagnate, if not decline.
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It is worth noting that many of the communicable diseases present in middle-income countries have almost no demand in developed markets, and the demand in local countries is concentrated in poorer segments of the society.
In this context, government efforts to promote R&D among these diseases would be a determinant driver of the
development of domestic innovative industry. Non-communicable diseases will present more opportunities for
the pharmaceutical sector as the demand is mainly composed of an increasing middle class that is willing to pay
price premiums for better medicines.
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Currently research activities are increasingly focused upon biological processes and disease mechanisms, although interventions may still be either small molecule or biologic.
Biologic innovation presents both new challenges and opportunities for middle-income
countries. The challenge lies in the need to educate and employ whole new cadres of biological scientists with narrowly based skill sets within sub-disciplines. Also, laboratory
methods and manufacturing plants for biologics require quite different technical approaches and costs. Building new biological plants involves high capital costs and high
risks, because the technologies are relatively unstable and hard to control.
There is, however, an opportunity here for middle-income countries once the initial
entry barriers have been overcome, which is that incremental innovation based upon
process improvements can play a much bigger role than for small-molecule innovation. There is no clear-cut distinction between a biosimilar and a bio-better—an incremental improvement—because the nature of a product is often very much a function
of the plant and operating conditions under which it is made.126
Over the next decade many billion-dollar biologic products will lose their patents. Korean
companies appear to be in the lead in following a strategy that may provide a way for middle-income countries to move up the biologic learning curve. Essentially investments are
being made in Korea in biologic plants, which will provide a basis for both biosimilar manufacture to exploit loss of exclusivity opportunities in the developed countries and to generate incremental improvements through process innovations using the same facilities.127
Beyond Korea, the impact of biosimilars on middle-income countries is uncertain. Large
generic firms such as Sandoz and Teva are the most favoured to gain from the biosimilars
market due to their financial strength, clinical development expertise and regulatory knowhow. In particular, the ability to get through the regulatory approval system in the US and
Europe is seen as more challenging for biosimilars than traditional chemical medicines.

Figure 28: Biosimilar capabilities by type of firm
Large Generic

Big Pharma

Emerging
Small Biotech
Market Player

Financial strength
R&D capabilities
Manufacturing capabilities
Distribution network and
marketing skills
Publications
Low

High

Source: CRA analysis based on R. Emmerich, ‘Origins and Future of the Biosimilars Industry’ in ‘Life Science in the Capital Markets:
Biosimilars’, DVFA, 2010
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However, middle-income countries are attractive locations to manufacture biosimilars for the same reasons they are attractive for manufacturing other types of pharmaceuticals—their cost advantage. The cost of developing a biosimilar in India is
estimated to require an investment of $10 to $20 million, compared to $50 to $100 million—and some estimates go as high as $375 million—in developed countries.128
While, comparatively speaking, it is cheaper to manufacture biosimilars in middleincome markets, the absolute level of investment required is still very high. The cost
of developing biosimilars in developing markets is four to 10 times that of small
molecule generics, which cost $1.5 million to $4 million to develop and has been
the stronghold of local firms in these countries.129 It is argued that this high level of
investment will mean a limited number of local firms will be able to enter the biosimilars market.
Given the nature of biologics, there are fears that biosimilars will not be as safe or effective as the originals. Currently biosimilars produced in middle-income markets
may not comply with the European Medicine Agency’s (EMA) regulatory requirements. Middle-income manufacturers may concentrate on their domestic market
or other middle-income countries. China, for example, had no specific process for
biosimilar approval until 2007, when the Revised Provisions for Drug Registrations
that came into effect required biosimilars to be treated as a new drug and clinical
trials before approval.130 The low regulatory barrier to entry led to over 20 producers
of interferon and more than 12 manufacturers of erythropoietin.131 Indian and Chinese manufacturers have launched over 50 biosimilar products in semi-regulated
markets,132 thus providing them with valuable clinical experience and post-marketing data on their products.133
This evidence suggests that the concern over barriers to entry to the biosimilars market for middle-income countries may be somewhat overstated. The cost arbitrage, and
the overall interest in biosimilars, will translate to investment in biosimilar manufacturing capabilities in middle-income countries and will thus have a positive effect on
innovative activity in those countries.

5.3. Offshoring and outsourcing the value chain
Traditionally middle-income markets have focused on elements of the value chain that
are most cost sensitive. However, this appears to be changing. A survey conducted in
Q4 of 2011 revealed that around 31% of respondents worked in firms that outsourced
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clinical research.134 Thirty-five to 39% of respondents who worked at emerging biotechnology firms, specialty pharmaceutical firms and Big Pharma firms noted that
they outsourced their clinical research (see Figure 29). Of the firms that did outsource
clinical research, established markets such as the US, Western Europe and Japan were
the location of choice. Interestingly, emerging biotechnology firms were the most likely to prefer outsourcing clinical research to emerging markets, which includes Argentina, Brazil, China, India, South Korea and Thailand. Big Pharma firms are the second
most likely to prefer outsourcing clinical research to emerging markets.

Figure 29: Clinical research outsourcing status and preferences by type of firm, Q4 2011
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Source: K. Bray, ‘Outsourcing Clinical Research: Established vs. Emerging Markets’, PharmaPro, May 21, 2012, available at http://
www.pharmpro.com/articles/2012/05/outsourcing-news-Outsourcing-Clinical-Research-Established-vs-Emerging-Markets/
(accessed August 2, 2012).

Survey results aside, a number of international pharmaceutical firms have already incorporated middle-income markets into their production chain (see Figure 30). Nine
of the 15 international firms have outsourced or moved manufacturing offshore to India and China, with the exception of Takeda, who only outsourced manufacturing to
India. India is slightly more popular for outsourcing—14 companies have outsourced
drug discovery, development, or manufacturing to India, compared to nine companies to China. While both countries have similar numbers of companies that conduct
activities offshore (eight companies in India compared to nine in China), there are
more companies with offshore drug discovery and development operations in China.
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http://www.pharmpro.com/articles/2012/05/outsourcing-news-Outsourcing-Clinical-Research-Established-vsEmerging-Markets/ (accessed August 2, 2012). The survey is deployed quarterly to outsource-facing pharmaceutical and biotechnology executives. Thirty out of 1200 questions are randomly presented to each respondent. The
sample size for Q4 2011 was 2619.
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Figure 30: Outsourcing and offshoring status by activity in India and China for 15
multinational pharmaceutical firms
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Source: Ernst & Young, ‘India Emerging: Pharma’s Evolving Business Models’, 2011, p. 20

An increasingly popular method of outsourcing R&D is through licensing early stage
drugs to reduce development risk. This creates opportunities and incentives for pharmaceutical firms in developing countries that have the know-how to conduct research
and drug discovery but not the funds or capabilities to register and sell them into key
global markets.
A notable example of a firm that has followed such a business model is Glenmark.
Glenmark is an Indian pharmaceutical company that has ‘established a credible track
record of being able to regularly monetize its NCE research pipeline’. Since 2007, Glenmark has generated Rs.493 crore ($US87 million) from out-licensing molecules at different development stages to large pharmaceutical companies.135

5.4. Summary
The transition in the innovative pharmaceutical business models brings with it both
challenges and greater opportunities for middle-income countries:
•

135
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Developing product portfolios to penetrate growing markets: The stagnation of the
pharmaceutical market in the West has created a need to look toward middle-income
ICRA, ‘Indian Pharmaceutical Sector’, March 2013.
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markets for additional revenue, which is translating to a greater need to conduct
clinical trial activities in those markets for marketing approval.
•

The biologic and biosimilars opportunity: New research is increasingly focused on
biologic medicines that require different skills and capabilities. This is likely to be
beneficial for some middle-income markets who have the skills and appropriate
experience; in others, this is likely to represent some additional hurdles.

•

Offshoring and outsourcing the value chain: It has become standard practice for
companies to relocate their manufacturing facilities to markets where the cost of
production is lower. The industry is increasingly experienced in managing complex interactions between different suppliers conducting early stage research and
clinical trials. As middle-income countries develop the capability to undertake
these activities, this can only increase their opportunity to participate in innovative activities.

To test this from an industry perspective, we asked the companies involved in the interview programme to rank the factors that were most important when choosing the
location of research facilities, given the changes in the industry business model. Figure 31 shows our findings. Indeed, all the companies interviewed pointed out that the
scientific capabilities (whether managing clinical trials programmes or undertaking
early stage research in combination with leading research institutes) were the most
important determinant of innovative investments. However, other important factors
included intellectual property protection and consistency of industrial and health
policies. Low labour costs were not as big a factor in developing innovative activities
(whether locally or from attracting international investment).

Figure 31: Relative importance of factors affecting innovative activities
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•
•
•
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Clusters of bioscience-based higher education institutions
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•
•
•
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A sound basic educational system
Collaborative international public-private partnerships (PPPs)
Market structures which facilitate effective and efficient diffusion of innovative
medicines
Investment by domestic government

•
•

Access to international markets
Low labour costs

Source: CRA interviews with nine international pharmaceutical companies

Interview participants noted that it is difficult to rank the relative importance of the
above factors given that they are interrelated. For example, although a sound basic
educational system was not ranked as high importance, medical schools and clusters
of high education institutions cannot exist without it. Participants also noted that the
relative importance varied depending on the type of innovative activity.
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Policy implications
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As set out in the previous chapters, there is a large body of experience and research
supporting how innovation policy encourages innovative activity in middle-income
countries. The case studies demonstrate the range of different ways that middle-income countries can participate in innovative activities.
The foundational elements required to encourage innovative activity are clear: a
well-educated population with a strong science base, sound intellectual property
rules and supportive infrastructure encouraging collaboration between public
and private companies. Building on this foundation, different priorities are required to encourage clinical development versus early stage research. A strong
medical infrastructure, appropriate clinical trial regulation and the right population is needed to encourage development, while leading research institutes willing
to work in partnership with both domestic and international innovators is needed
for early stage research.
In terms of the size of the opportunity for middle-income countries and the speed
with which they can exploit it, this is likely to occur significantly more quickly than
was anticipated even three or four- years ago. It remains the case that a substantial
geographical redistribution of core R&D depends on a critical mass of academic biomedical science and supporting complementary infrastructure to be put in place. The
development of this infrastructure is well under way.
However, this represents a very different opportunity depending on whether we are
considering China, Brazil and India, or smaller markets such as Colombia and Malaysia. The policies need to be tailored to the countries’ situation. Not all countries have
the market size or even the population that will encourage large-scale clinical trials.136
It takes considerable time and investment to build up research centres necessary for
early stage research that meet international standards. Therefore, a staged and targeted programme should be developed that builds capabilities in undertaking activities
where the country can compete internationally.
The innovation plan should be tailored to take into account current capabilities as well
as the characteristics of the economy. Therefore, a country with a large population (say,
Colombia) should develop a different innovation policy than a country with a smaller
but well-educated population (say, Malaysia). Colombia could focus on developing
strong clinical trial capabilities due to its large and ethnically diverse population, although this would still require additional development of its scientific capabilities.
Malaysia, on the other side, has the potential to develop strong basic research, given
that basic research, unlike clinical trials, does not require a large population, and Malaysia is already equipped with good scientific capabilities and relatively favourable
government policies.
The transition in the industry business model brings new opportunities. Given the
trend for fragmentation in the industry business model, not all countries will be able
to develop a complete standalone innovative industry (and it is very unclear that this
should be the goal). Instead, specialising in the stages of the innovative process where
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the country has a competitive advantage will often be a more sustainable objective.
The ever-increasing importance of biologics has implications for the skills needed and
will work in favour of some middle-income countries while representing an additional
barrier to others. Finally, the growth in the domestic pharmaceutical markets will be
an important driver of increased innovative activity that will bring greatest benefits if
industrial and health policy are appropriately aligned.
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Figure 32 provides a high-level picture of the level of innovative activities (based on
global expenditure on research and development) in the case study countries and
how they compare against other middle-income countries in the same region. Based
on investment in R&D as a percentage of GDP, most markets have seen growth in the
amount of R&D expenditure over the last five years.
The case study countries were chosen because they tend to have the highest R&D expenditure levels in their region, with the exception of Colombia and Malaysia. Significant differences in the investment in R&D are readily apparent, illustrating the wide
range of circumstances of the countries under consideration, ranging from South Korea (at 3.4% of GDP being invested in R&D) to South Africa and Brazil (at around 1% of
GDP being invested in R&D).

Figure 32: Investment in research and development as a percentage of GDP by
region, 2004–2006 and 2007–2009*
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It is clear that some middle-income countries are leading their regions in terms of the
total amount of clinical trials undertaken. As shown in Figure 33, South Africa, Brazil,
South Korea, China and India are the countries with the largest number of clinical trials in their respective regions.
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Figure 33: Clinical trials by region as of May 2012
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In terms of scientific publications, countries such as South Africa, Brazil and China
stand out among their regional neighbours as shown in Figure 34.
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Figure 34: Number of articles published in scientific journals
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Country

National Innovation Strategies

I.

Profarma (2004–ongoing) is the Brazilian plan to develop pharmaceutical innovation. It offers
long-term credits at low interest rates, and the funds can be used to acquire the required equipment
necessary to develop innovation. The programme currently has three sub-programmes:
•

Production, which is focused on fixed investment and mainly directed to manufacturing
improvement;

•

Innovation, which funds all the elements related to radical or incremental innovations,
construction and consolidation of innovation infrastructures, and internalization of competencies
and activities regarding R&D;

•

Empowerment of national companies, which supports the incorporation, acquisition, or merger of
companies, with the aim of creating larger enterprises under national control.

The Brazilian government is also implementing other strategies to encourage the development of the
Brazilian industry, which targeted the pharmaceutical sector as one of the priority areas:
•

The Industrial, Technological and Foreign Trade Policy (PITCE in 2003) whose objective
was to induce a change in the competitive level of the Brazilian industry. PITCE established
four priority sectors, pharmaceuticals being one of them. Through this policy, the Brazilian
government gave innovation a more systematic connotation, mainly stimulating interaction
between the industry and academic sectors.

•

The Production Development Policy (PDP in 2008) was aimed at providing sustainability for
economic growth, increasing productive investments and economic growth rates.

Brazil

II. Action Plan on Science, Technology and Innovation for National Development (PACTI 2007–
2010)
PACTI aims to develop and strengthen science, technology and innovation through programmes that
involve both state and municipal governments. Biotechnology is one of the areas cited for its high
potential for future economic impact in the Action Plan. One goal of the overall innovation strategy
was to increase the level of R&D expenditure to 1.5% of GDP by 2010.

I.

•

The Action Plan defines four strategic priorities:

•

Expand and consolidate the national science, technology and innovation systems;

•

Promote innovation in private enterprise;

•

Apply science and technology to social development (including products for human health); and

•

Develop 13 strategic technology areas (including biotechnology)

Medium and Long-Term Plan for Science and Technology Development (2006–2020)
•

The main goal of the MLP is to transform China into an innovation-oriented society by 2020.

•

Biotechnology was identified as one of seven frontier technologies and a priority research area
where intellectual property should be developed.

•

The MLP set a goal of R&D spend to equal 2.5% of GDP by 2020.

•

The MLP calls for investment in R&D facilities, such as university labs and research parks.

II. National Key New Drug Creation Programme (2008)
The Ministry of Health launched this programme with an initial investment of up to 1.67 billion RMB
(US$244.6 million). The funding is to be channelled into four main areas:

China

•

Conducting R&D and clinical trials

•

Conducting R&D on existing pharmaceutical products

•

Investing in technologies and platforms for drug R&D

•

Investing in company-specific R&D technologies and platforms

III. 12th Five-Year Plan (2011–2015)
Five-Year Plans are overall targets set by the Chinese government, and the 12th Plan has some
ramifications for the pharmaceutical industry:

94

•

Twelve billion RMB (US$1.86 billion) was allocated for the R&D of new drugs during the period and
committed to support the development of innovative biotechnology products, high-end medical
devices and patented medicines.

•

The contribution to GDP by seven priority industries, one of which is biotechnology, should
increase from 2% to 8%.

•

Key pharmaceutical companies are to invest more than 5% of their annual revenue in R&D, and
there should be 200 new or improved formulations for patent-expired products by 2015.
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I.

National Policy of Competitiveness and Productivity (CONPES 3027, 2008)
CONPES is a multisectorial programme that aims to encourage the creation of the technical,
economic, legal and institutional conditions that allow the development of companies and commercial
products based on sustainable use of biodiversity for commercial purposes, specifically of biological
and genetic resources and their derivatives, which will underpin new products for industries such as
cosmetics, pharmaceuticals, agriculture, food and natural products, among others.

Colombia

II. National Development Plan for 2010–2014
The NDP sets innovation, science and technology as a cross-cutting pillar of the national economic
strategy. The Plan would enforce the relationship between the public and private sector, provide easy
funding for innovative activities, and promote the development of human capital. Specific measures
would be applied:

I.

•

The IP rights of innovation projects funded through national funds would be distributed
accordingly among the different participants.

•

Tax benefits are created to incentivise innovative activities.

National Innovation Act 2008* aims to encourage innovation through the following initiatives:
•

The Ministry of Science and Technology will present a National Annual Integrated Science and
Technology Plan in February of each year. This will present policy initiatives to support basic
research, improve science and technology infrastructure, cultivate human capital, establish
research centres and identify collaboration opportunities.

•

Financial incentives are provided for those conducting R&D activities and investors of firms or
universities conducting innovative activities or exclusively located in Special Innovation Zone/
Innovation Park.

•

A platform is established for private and public-private partnerships for the commercialisation of
innovation.

•

Rules on confidentiality and mandatory damages on proof of breach of confidentiality were
established.

•

Direct and indirect tax incentives for Special Innovation Zones (SIZ) and Innovation Parks, which
can be implemented at the Ministry of Science and Technology’s discretion, were established.

India

I.

Malaysia
I.

National Biotechnology Policy is a plan to move the biotechnology industry into an international
player. It is unclear to what extent this has been implemented.
•

Phase I (2005–2010): building capacity

•

Phase II (2011–2015): commercialising discoveries

•

Phase III (2016–2020): making domestic companies into global players

Malaysia’s Third Industrial Master Plan (IMP3) (2006–2020) focuses on the production of
biologics and higher-end generics. It is unclear to what extent this has been implemented.

Pharma 2020 (2009–2020)** is the national programme aimed to create the necessary conditions for
the conversion of the Russian pharmaceutical production into an innovative development model. The
programme is divided in three phases, with each one focused on different objectives:
•

Russia

•

•

Phase I (2009–2012): International harmonisation and attracting international manufacturers
•

GMP harmonisation

•

Attraction of international manufacturers

•

Improvement of quality control

•

Educational training programmes

•

Anti-corruption measures

Phase II (2013–2017): Promotion of national industry
•

Protectionist measures

•

Technology acquisition and transfer measures

•

Domestic localisation of international production

•

Liberalisation measure

Phase III (2018–2020): Expansion to global markets
•

Grants and tenders for R&D technologies

•

Application of modern R&D technologies

•

Patent research

•

Monitoring of the international markets
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There are two major plans aimed at developing an innovative industry in South Africa:
I.

National Biotechnology Strategy (2002–2009) evolving into the Bioteconomy Strategy
The programme was focused on the biotechnology sector and was aimed to develop a national
biotechnology industry. The following policies were applied:

South
Africa

•

Created the first regional research centres, which then merged into a national agency (TIA) in
charge of supporting entities developing innovative activities

•

Through the agency, provided public funding for South African entities engaging in innovative
activities

•

Developed an infrastructure ready to engage in clinical trials, which led to the improvement of
both local hospitals and human skills

•

Focused on burden diseases which are prevalent on African population

•

Gives tax subsidies to companies investing in innovation

II. Innovation toward a Knowledge-Based Economy (2008–2018)
The programme, which is focused on developing an innovative industry at a global level, identifies
the pharmaceutical sector as a key innovation challenge. Through the plan ‘Farmer to Pharma’, the
government aims to:
•

Be one of the top three emerging economies in the global pharmaceutical industry;

•

Create technology platforms and R&D infrastructure to facilitate diagnostic and medical
innovation;

•

Create five theme-specific consortium-based centres that focus on five national health priorities
and link them to the growth of the local pharmaceutical industry; and

•

Increase foreign investment in health-related and pharmaceutical R&D, excluding clinical trials.

I.	Bio-Vision 2016 (2007–2016)
Bio-Vision was published in 2006 and aims to make South Korea a leader in biotechnology. It includes
policy objectives to improve South Korea’s rankings in scientific publications, patent competitiveness,
advanced-degree recipients and market size.
II. 577 initiative—basic science and technology strategy plan (2008)
South
Korea

The 577 initiative was adopted in 2007 and sets a goal of becoming one of the seven leading countries in
seven areas within science and technology (S&T), which includes biotechnology, through investing 5% of
GDP in R&D. The initiative set aside funds for R&D.
•

66.4 trillion KRW (US$59 billion) was to be spent from 2008–2012.

•

The proportion of government-financed basic research was to increase to 50% by 2012.

•

90.3 billion KRW (US$80 million) was set aside for the development of new-medicines and stemcell initiatives.

•

Programmes to investment in human capital.

Source: Charles River Associates
* The Indian National Innovation Plan was drafted in 2008, but it was not implemented. There is a new innovation plan being drafted,
the Science and Technology Innovation Policy, which is expected to be announced in 2013. **Amendments to the programme were
proposed due to budget concerns.
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Statistical analysis
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The report primarily focuses on case study evidence to understand the relationship
between different policies and the extent of innovative activity occurring in different
middle-income markets. To test whether we can generalise these results, it is useful to
test them statistically.
Ideally, we would like to test whether the measures of innovative activity presented
in chapter 2 are correlated with measures that act as proxies for policies discussed in
chapters 3 and chapter 4.
An updated analysis focusing on location of clinical trials

However, as discussed in chapter 2, there is relatively little comparable data across
countries. We have therefore focused our analysis on three measures of innovation
described in Table 19.

Table 19: Measures of innovative activity in middle-income and high-income countries
Variable

Description

R&D PhRMA
expenditure

R&D spend of ethical pharmaceuticals
by PhRMA members (% of GDP), 2009

Clinical trials

Number of all clinical trial studies
conducted in the country, 2010

Pharmaceutical
and biotechnology
patents

Number of pharmaceutical and
medicines patents granted in the US
under NAICS 3254 and application
and number of biotechnology patent
applications to the EPO by their
country of resident, 2008

Number of
observations

Source

25

PhRMA

108

53

Clinicaltrials.gov

USPTO and
Eurostat

Source: CRA analysis

Given the small number of observations on R&D spend and on patents we only conduct bivariate analysis using this data (comparing directly the correlation between
the measure of innovation and the policy proxy). We used clinical trial data to conduct
the multivariate analysis below.
We have assembled data that can be used to proxy for a number of different innovation
policies. This includes variables capturing the standards of education, strength of the
intellectual property regime and expenditure on health as well as characteristics of
the country itself (as measured by average income, population, etc.).
This clearly only captures a small subset of the policy instruments discussed in Chapters 3 and 4 and reflects the difficulty in identifying proxies that are useful for some
of the policy instruments and the lack of data for others. For instance, it is difficult to
quantify the strength of a cluster, or if the polices of a government are well aligned,
without engaging a case by case analysis. We were not able to identify robust data on
foreign direct investment relating pharmaceuticals (beyond the case study countries)
or the extent of technology transfer across a large number of middle-income markets.
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Table 20: Proxies for innovation policy and country characteristics
Variable

Description

Source

IPR Index

International Property Rights Index evaluates the
protection of intellectual property and policies applied http://www.internationaland their effectiveness regarding patents, copyrights propertyrightsindex.org/
and trademarks, 2011

Level of
education

Average of PISA results in reading, mathematics
OECD
and science, 2009

Health
expenditure

Total health expenditure (% of GDP), 2010

World Bank

Level of
development

GDP per capita based on purchasing power
parity (PPP), 2010

World Bank

Population

Total population in the country, 2010

World Bank

OECD

Dummy variable that takes value 1 if the country
CRA
is a member of OECD and 0 if not

Source: CRA analysis

Results of the bivariate analysis

Through constructing scatter plots, it is possible to determine the relation between
policies and pharmaceutical innovation. We use the three proxies of pharmaceutical innovation described in Table 19, R&D expenditure among PhRMA companies in
each country, the number of medical and biotechnology patents registered in each
country and the clinical trials conducted. These variables are related to the strength
of the IP regime, the level of education, the amount of health expenditure per capita
and the GDP per capita.
The level of pharmaceutical innovation is positively related with all the policy and
country characteristics analysed, and thus with the strength of the IP regime, the level
of education, the amount of health expenditure per capita and the GDP per capita. The
trends in
Figure 35, Figure 36 and Figure 37 show this positive correlation for all the definitions
of innovation. The scatter plots show as well that the relation between pharmaceutical innovation and IPR strength, GDP per capita and health expenditure per capita
is clearer than for the education levels as the PISA results show a larger degree of
dispersion.
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Figure 35: R&D expenditure by PhRMA companies versus different policy proxies
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Figure 36: Number of US and EU pharmaceutical and biotechnology patents versus
different policy measures
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Figure 37: Number of clinical trials versus different policy measures
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Multivariate analysis

For the multivariate analysis, the number of clinical trials is chosen as a proxy for pharmaceutical innovation, as a larger number of countries were available. Additionally, as
it can be seen in Table 21, the number of clinical trials is highly correlated with both the
pharmaceutical R&D expenditure and the number of medical and biological patents.

Table 21: Partial correlations between the different pharmaceutical innovation proxies
R&D PhRMA
expenditure

Medical and
biological patents

R&R PhRMA expenditure

1

Medical and biological
patents

0.73

1

Clinical trials

0.60

0.89

Clinical trials

1

Source: CRA analysis

To identify the impact of each of the elements on the level of pharmaceutical innovation, we have used the following specification of a linear regression model:

log(Clinical _ trials ) i = á + â 1 IPRt + â 2 log( Healthspend _ pc ) i + â 3 log(GDP _ pc ) i +
â 4 log( Population) i + OECDi + e i
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Where
•

Clinical_trials is the number of all clinical trial studies conducted in the country,
2010 registered in clinicaltrials.gov in a given country i;

•

IPR represents the International Property Rights Index for 2011 in a given country i;

•

Healthspend_pc is the total health expenditure per capita in a given country i in 2010;

•

GDP_pc is the Gross Domestic Product for 2010 in a given country i;

•

Population captures the level of population in a country i in 2009; and

•

OECD is a dummy variable that takes value 1 if country i is a member of the OECD
and 0 otherwise.

We have estimated the coefficients in this model by ordinary least squares (OLS), clustering the standard errors of the estimation by region. This estimation method provides less biased results, giving us more accurate coefficients. The resulting estimates
and their interpretation are reported in Table 22.

Table 22: Estimates and interpretation from the regression of clinical trials137
Explained variable:
Log of clinical trials

OLS estimates

Interpretation

IPR Index

0.25**
(0.07)

1 point increase in the IPR Index, with all other
variables constant, leads to a 28%137 increase of the
number of clinical trials

Log of Health
expenditure pc

1.67+
(0.64)

1% increase in health expenditure, with all other
variables constant, leads to a 1.67% increase of the
number of clinical trials

Log of GDP pc

0.95***
(0.19)

1% increase in the GDP per capita, with all other
variables constant, leads to a 0.95% increase of the
number of clinical trials

Log of Population

0.82***
(0.08)

1% increase in the level of population, with all other
variables constant, leads to a 0.82% increase of the
number of clinical trials

OECD

-0.05
(0.78)

Being a member of OECD is not related with the
number of clinical trials developed in the country

Constant

-14.86***
(2.83)

Number of observations

102

R squared

0.80

Source: CRA analysis
( ) represents the Robust Standard Errors. *** is used to denote significance at 1%, ** at 5%, * at 10% and + at 15%

137

102

The coefficient obtained with the OLS estimation needs to be transformed in order to get the adequate interpretation. In particular, the following expression needs to be applied: IPReffect = 100[exp(𝛽1) − 1]
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We found the strength of the IP regime, the level of health expenditure, the GDP per
capita and the population size of a country to be positively and significantly related
with the number of clinical trials taking place in that market. This is aligned with
previous work undertaken by Cockburn.138 He uses the number of Biopharmaceutical Clinical Trials (BCT) sites to understand why clinical trials are being located in
middle-income countries. Using a very similar approach, the author finds GDP, the
level of human capital and the strength of the IP regime to have a positive effect on
the number of BCT.
We have estimated alternative specifications, which were discarded for providing
weaker results. The level of education was not statistically significant and broadly
robust to the exclusion of the variable. Furthermore, regional dummies capturing
region specifications were also found to be not significant and did not improve the
overall significance of the estimation.
Conclusions

Measuring pharmaceutical innovation is not an easy task, and it gets more complex
when considering middle-income markets where data is scarce. However, quantifiable variables such as the level of R&D expenditure, the number of registered medical
and biotechnology patents and the number of clinical trials are good approximations
and can be used as proxy for pharmaceutical innovation.
Collecting data for different markets and applying two different statistical approaches,
we found, in the line of the literature available, that the following policies are positive
related with pharmaceutical innovation:
•

The enforcement of a strong IP regime

•

The encouragement of a well-educated workforce

•

The size of the health-care sector

•

The size of the market in terms of both population and economic development

138

I. Cockburn, F. Thiers, and E. Berndt, “The Globalisation of Clinical Trials for New Medicines into Emerging Economies: Where are They Going and Why?’ NBER Working Paper, 2007.
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