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Executive Summary
Part A: 
Estimated global R&D financing for communicable and noncommunicable diseases
Marta Feletto
This study aims to ascertain the extent of financed research carried out on communicable diseases (CDs) and noncommunicable diseases (NCDs) in 2008. With the relative share of disease burden for NCDs increasing and surpassing CDs in all regions except for sub-Saharan Africa, it was important to disaggregate NCDs by category: cancer, cardiovascular disease, chronic respiratory disease, diabetes and mental health, for which data is available. By drawing on publicly available information on R&D financing, the study provides an overview of the largest government, private sector and not-for-profit research funders in the world during 2008, across these two broad areas of disease. 

In order not to constraint or bias the research, rather than addressing solely English-translated information, original language budgets and reports across the US, the UK, France , Germany and Japan were accessed through public portals. As private industries report on the total financial year R&D and not on the share of R&D expenditure devoted to NCD or CD drug development, the financial cost incurred for the development of drugs in these two therapeutic areas during 2008 was estimated by means of a correlational analysis. Absolute figures of R&D funding, as well as relative proportions of disease-specific R&D, are reported across the public, private not-for-profit and private sectors.
Results indicate a consistent 2:1 ratio in R&D funding that is allocated to NCDs and CDs respectively, across sectors. Publicly-funded cancer research absorbs the equivalent of – or more than - what flows into research for all communicable diseases in all of the examined countries. Moreover, one-third of all CD and NCD compounds in active development in 2008 were cancer drugs. Within the private not-for-profit sector, noncommunicable diseases are also widely covered by charity funding, while communicable disease funding remains almost exclusively in the realm of private foundations. Mental health remains neglected by the not-for-profit sector, while being the second largest publicly-funded research area. 

A more comprehensive study should be undertaken to collate and collect data from a wider range of sources, and to disaggregate information into specific diseases. This would also constitute a baseline, against which future funding trends could be analyzed. 

Part B:
Existing or potential mechanisms for coordination of financial flows for R&D for both communicable and noncommunicable diseases

Stephen A Matlin

R&D for communicable diseases (CD) and noncommunicable diseases (NCDs, including those of importance in low- and middle-income countries (LMICs) as well as in high-income countries (HICs), takes place within the global health research and innovation system (GHRIS). The GHRIS includes a diverse array of actors who provide resources for global R&D for health; and performers of research, development and innovation working in the public and private sectors.  
At present, there is no global coordination of R&D for CDs and NCDs and the GHRIS is highly fragmented. Three kinds of failures can be seen in the system, leading to a lack of effective treatments for health problems and to the persistence of large health disparities within and between populations: failures in science, in the market and in public health. 

To overcome these failures, a globally coordinated approach to R&D for CDs and NCDs is proposed, which would involve three elements:

· Coordination in the identification of priority areas for action

· Coordination in the distribution of research efforts between different entities, which may be located in the public or private sectors and in different geographies.

· Coordination in the financing of R&D

These elements can be regarded as sequential. In particular, the coordination of financing of R&D for diseases prevalent in LMICs would require consideration of both identifying the priority diseases and determining which actors should receive the financing. Consequently, this study argues for a comprehensive approach involving all three elements and requiring:

· Establishment of Working Groups and an Oversight Group to collectively draw up research agendas and set priorities, based on information gathered from a range of sources including a new Global Health Research Observatory.

· Decisions by the Working Groups and Oversight Group about the distribution of elements of the required R&D among a diverse range of researchers working in different settings, including basic research laboratories, development/scale-up plants, clinics, health services and communities, in public and private sector environments in HICs and LMICs.
· Creation of a Global Health Research and Innovation Fund (GHRIF) to provide funding for:
-
targeted R&D for new drugs, vaccines, diagnostics, and intervention strategies against priority health conditions of the poor – including both CDs and NCDs that are prevalent in LMICS and for which adequate interventions are not presently available.
-
a range of research areas primarily conducted in LMICs that are essential underpinnings of interventions to improve health, including: health policy and systems research, social science and behavioural research, implementation/ operational research and research on the determinants of health. The funding would combine capacity building with focused research to support key national health programmes such as health systems strengthening, improving reproductive health, eradicating target diseases and responding to health threats such as climate change.
-
enhancing innovation capacities and environments in LMICs, to enable countries to strengthen their the national innovation systems;

-
operation of the Global Health Research Observatory, to ensure that disease monitoring and R&D resource tracking could be regularly and accurately carried out, to provide both the inputs to the priority setting processes and the means of monitoring progress.
To cover these functions, the GHRIF would need to be financed at a level of between US$ 3 billion and US$ 15 billion per year.

Part A

Estimated global R&D financing for
communicable and noncommunicable diseases
Marta Feletto

A1.
Introduction

Since the 1980s, the burden of noncommunicable diseases (NCDs) has been rapidly increasing in low- and middle-income countries (LMICs). Whereas NCDs accounted for 47% of disease burden in 1990, this is projected to increase to 69% by 2020 (Boutayeb, 2006). Conversely, whereas communicable diseases (CDs) accounted for 42% of disease burden in 1990, they are expected to decrease to approximately 17% by 2020 (ibid.). NCDs are now the leading cause of morbidity and mortality in every region of the world expect sub-Saharan Africa – where they are prominent, but overshadowed by communicable, maternal, perinatal and nutritional conditions. It is within this context that the Global Forum undertook a study to ascertain research investments in CDs and NCDs. 

Of the global deaths in 2005, 60% were caused   – principally cardiovascular diseases and diabetes (32%), cancers (13%), and chronic respiratory diseases (7%). The burden of NCDs is felt especially in LMICs, where 23 selected countries
 account for 80% of worldwide deaths from NCDs (Abegunde et al., 2007). NCDs were responsible for an estimated 49% of the total worldwide burden of disease in 2005, and 46% of the disease burden in LMICs. Coronary heart disease and stroke account for 21% of disability-adjusted life-years in this group, cancer for 12% and respiratory diseases for 8% (Prince et al., 2007). Endocrine disorders (primarily diabetes) account for 3.7% of the disability-adjusted life-years attributed to non-communicable diseases, and this proportion is predicted to rise sharply to 5.4% by 2030, with much of the increase in low-income countries (Mathers & Loncar, 2006). Neuropsychiatric conditions account for up to a third (28%) of disability-adjusted life-years attributed to noncommunicable diseases, although the size of this contribution varies between countries according to income level (Prince et al., 2007). 

Although the disease burden per person of communicable diseases reduced by 20% from 1990 to 2001, HIV/AIDS, TB, malaria and neglected diseases remain significant causes of morbidity and mortality (Lopez et al., 2006). Particularly in LMICs, HIV/AIDS, tuberculosis, malaria and diarrhea conditions caused by communicable diseases are among the leading 10 causes of death, accounting for a combined 14.8% of deaths in 2001.

The rapidly increasing burden of these diseases is affecting poor and disadvantage populations disproportionately, contributing to widening health gaps between and within countries. 15-19 year olds in LMICs face a 30% greater risk of death from NCDs than their counterparts in HICs (Lopez et al., 2006). Just under half of total deaths from NCDs in LMICs occurred in people younger than 70 years, compared with only 27% in high income countries (Abegunde et al., 2007). The contributions to disability in LMICs from conditions such as cardiovascular and chronic respiratory diseases, and long-term consequences of communicable diseases and nutritional deficiencies are also higher in LMICs (Lopez et al., 2006). In these countries moreover, communicable diseases still cause substantial death and disability. In 56 of the 58 countries where the bottom billion live, moreover, virtually each person has at least one neglected tropical disease (Hotez et al., 2009). According to the Global Fund to Fight AIDS Tuberculosis and Malaria (Global Fund, 2009), 95% of the estimated 33 million individuals living with HIV, live in LMICs (68% in sub-Saharan Africa). 27% of new cases of, and 31% of registered deaths from, tuberculosis in 2003 arose in Africa (WHO, 2005). 

The cost of disease to societies, particularly LMICs, has serious implications for poverty reduction and economic development. People who are already poor are the most likely to suffer financially from chronic diseases, which often deepen poverty and damage long-term economic prospects (WHO, 2005). Abegunde and colleagues (2007) estimate that US$ 84 billion of national income will be lost from heart disease, stroke, and diabetes alone in 23 selected LMICs between 2006 and 2015, if nothing is done to reduce the risk of noncommunicable diseases. Achievement of the global goal for prevention and control of chronic diseases would avert 36 million deaths by 2015 and would have major economic benefits. Furthermore, because most of the averted deaths would be in LMICs and about half would be in people younger than 70 years, it would have major economic benefits, including extension of productive life and reduction in the need for expensive care (Beaglehole et al., 2007).

As of today, there are no sources of information on investments in both communicable and noncommunicable disease research. Total global financing for health R&D exceeded US$ 160 billion in 2005, with the private for-profit sector accounting for 51% of this, the public sector 41% and the private not-for-profit sector 8% (Global Forum for Health Research, 2008). Lack of reporting mechanisms, inconsistent data, the lack of publicly available information and the need for resources to examine reports in multiple languages pose significant challenges in data collection. It must be noted, however, that in recent years strides have been made in identifying investments by disease category and by region, such as the work of G-Finder (Moran et al. 2009) or the HIV Vaccines and Microbicides Resource Tracking Group (2009). Nevertheless, at this moment there is no global understanding of investments in CDs and NCDs. 

This study aims to ascertain the extent of research investments carried out on NCDs and CDs.  Tracking health research is particularly important, since it helps to draw attention to health inequities and provides information needed to prioritize funding. 
A2.
Methodology

This paper provides an overview of the largest government, pharmaceutical and not-for-profit research funders in the world during 2008, across CDs and NCDs. Through publicly available sources, relevant funding into NCDs and CDs were tracked for the following: 1) the United States, Japan, the United Kingdom, Germany, and France, collectively contributing to 80% of global public spending on health R&D, 2) the top ten pharmaceutical firms by revenue, collectively contributing to over 60 % of global industry spending on R&D, and 3) the largest private international foundations, as well as the largest charitable organizations of the aforementioned five high-income countries. The inclusion of other funders’ research portfolios would add to the overall landscape of global research on NCDs and CDs. However, obtaining these data was not feasible, given the short time span and resources available. Further research is desirable to broaden the scope of this exercise.

While we have not excluded any CDs from the analysis, we chose to focus on those NCDs that make the largest contribution to mortality in the majority of LMICs: cardiovascular diseases (CVD), cancers, chronic respiratory diseases (CRD) and diabetes. These diseases also share the characteristic of being largely preventable by means of effective interventions that tackle shared risk factors (WHO, 2005). Mental and neurological disorders, as important chronic conditions that share a unique set of features, and whose dual diagnosis with other health conditions is inadequately appreciated, were also included in the analysis (Prince et al., 2007). Mental disorders increase risk for communicable and noncommunicable diseases, and contribute to unintentional and intentional injury. Conversely, many health conditions increase the risk for mental disorder, and dual diagnosis complicates help-seeking, diagnosis and treatment, and influences prognosis (ibid.). With respect to NCDs, the study focuses on cardiovascular diseases, chronic respiratory diseases, cancer, diabetes, and mental health. Any NCD-related figure refers to these outlined categories and excludes all other NCDs.
A3.
Data collection

A3.1
Government-funded R&D for NCDs and CDs 

To estimate the breadth of research funded by the public sector, the study focuses on five high-income countries - the United States, Japan, the United Kingdom, Germany, and France - that accounted for 80% of global public spending in health R&D according to the latest available OECD data (Global Forum for Health Research, 2008). In each of the five countries the largest public funders of health R&D were identified, in an attempt to account for the large majority of public funded research. In order not to constraint or bias the research, rather than addressing solely English-translated information, original language budgets and reports across the US, the UK, France, Germany and Japan were accessed through public portals. The lack of standardization in R&D reporting and availability of disease-disaggregated research information between and within countries posed a significant challenge. 

For each country, a total public R&D budget envelope is provided when available, as well as a share that could be classified as CD and NCD-related research. Included is a more detailed review of the process by which funding was identified and categorized in the United States in order to give a clear indication of the process used for other countries. Information is presented in national currencies as found through official government documents. The following section will, however, analyze data in PPP-converted figures (2008 international dollars).

The United States
According to the American Association for the Advancement of Science, total health R&D in the US Department of Health and Human Services (HHS) and the Department of Veteran Affairs amounted in 2008 to $30.07 billion
. According to the same source, the budget of the National Institutes of Health (NIH), the primary public health organization for sponsoring biomedical and clinical research and dissemination, accounted for 95.6 % of the entire HHS budget. 

NIH funding was allocated by assigning each Institute’s annual appropriation to a therapeutic area (e.g. appropriations for the National Cancer Institute were assigned to cancer research; appropriations for the National Institute of Mental Health were assigned to mental health research), according to the publicly available ‘NIH Mechanism Detail by Institute Center, FY 08’. Appropriations for Institutes that cover multiple therapeutic areas were allocated based on funding for disease divisions within each Institute, as outlined in each Institute’s ‘Total Center Budget as per Center Budget Justification FY08’
. Following Dorsey et al. (2009), cardiovascular research funding by the National Heart, Lung, and Blood Institute  (NHLBI) was estimated using funds directed to ‘heart and vascular research’ and ‘ blood diseases and resources’, while respiratory research by the same Institute was estimated using funding directed to ‘lung disorders’. HIV/AIDS research support from the Trans-NIH Office of AIDS Research (OAR) was quantified by ascertaining through the publicly available budget how much funding was allocated for HIV/AIDS research at each Institute in FY2008 (that amount was subtracted from the overall budget of each Institute and classified as HIV/AIDS Research).  Finally, infectious disease research funding (excluding HIV) was estimated, using appropriations for the National Institute of Allergy and Infectious Diseases (NIAID). Using this methodology, we categorized $16.89 (60.2%) of $28.07 billion in total NIH appropriations in 2008 as CD- or NCD-related. The remaining research funding included appropriations to Institutes and Centers without a clear link to the disease groups examined.

Within the residual R&D budget share of the HHS (4.4%), the Centers for Disease Control and Prevention (CDC) reported a health research  funding of $441 million in FY08, including the stimulus package, that cannot be however be allotted to NCDs and CDs research specifically (Koizumi, 2009). Amounts allocated to health R&D were not available for USAID and the Department of Defense (DoD).

Japan

The public budget for scientific research amounted in 2008 to ¥59.6 billion
. The Ministry of Health, Welfare and Labor (MOHWL), which is the primary source of funding for health research, absorbed 72% of that budget (¥42.7 billion) in the same year. In FY09, MOHWL funding is organized into 29 research funds; each of them was examined and budget lines were allotted to relevant NCD and CD research. ¥18.3 of ¥42.7 billion, or 43% of total MOHWL appropriations in 2009 were categorized; the share would be arguably higher if the MOHWL funds flowing solely into health research could be isolated. 

United Kingdom 

Data are drawn from a report by the UK Clinical Research Collaboration (2006) providing an overview of directly funded UK research portfolios of the 11 largest government and charity funders of health-related research
. Collectively, the portfolios of the participating organizations represent the overwhelming majority of public and not-for-profit health research in the UK. The UK Clinical Research Collaboration (2006) provides an overview of research taking place in the UK during the 2004/2005 financial year and is based on a total of 9,638 peer reviewed awards, representing a total spending of £950 million on health research by public and philanthropic funders during this period. £580.7 (61.1%) of £950 million in total public and not-for-profit R&D relate to research that can be attributed to the areas of disease of interest to this study. 14% relates to specific diseases that are not examined here and the remaining 25% is applicable to all diseases or relevant to general health and well-being (UK Clinical Research Collaboration, 2006).

France

According to the Agence d’évaluation de la recherche et de l’enseignement supérieur (AERES) (2008), the total life science budget (including non-government funds) amounted to €1.8 billion in 2008. 

The French National Institute for Health and Medical Research (INSERM) is listed as the first source of funding for medical research and accounts for 40% of total government funding for research in the domain of life and health sciences (AERES, 2008), and arguably for a significantly higher share of funding specifically directed to health sciences. 73% of INSERM’s 2009 budget was funded by the government
. France is a unique case among the five countries, since funding to public institutes included a substantial mix of both public and private funders, making it difficult to ascertain the relative share by sector. INSERM’s budget was allocated to therapeutic areas based on the budget share flowing into research areas, as outlined in the institute’s ‘Activité scientifique par thématique de recherche et par nature de dépenses’
, categorizing €428.4 (72%) of €595 million that INSERM allocated solely for research in 2009
.

Other institutes funded by the life and science budget with a clear link to a disease group examined were the Institut Nationale du Cancer (INCa), whose appropriations were assigned to cancer research, and the Agence National de Recherches sur le Sida et les Hépatites Virales (ANRS), whose appropriations were assigned to infectious diseases research. 

Tracking government funded health R&D in France was challenging due to the extent of overlap in government-funded organizations’ missions, as well as the sheer number of organizations and special initiatives holding relatively modest budgets. 

Germany

The German Research Foundation (DFG), with a global research budget of €1.5 billion
 (2009) and the Federal Ministry of Education and Research (BMBF) with a health research budget of €160 million
 (2008) are the largest public research funders in Germany
. The Federal Ministry of Health provides no information on research funding
.

The BMBF’s budget is organized by research areas and institutes, within which funding is allotted on a multi-year basis for projects. In some cases it was not possible to annualize budgets, since there are no references to the years in which the R&D was undertaken. Chronic Respiratory Disorders did not appear as a funded research area and diabetes research did not have an attached budget, therefore there are no figures attached for these two fields of research.

€68.98 (43.1%) of the €160 million 2008 budget for the BMBF was accounted for. Funding from the DFG could not be allotted to NCD and CD research
. Only a partial picture of public funding in research on NCDs and CDs is thus provided for this country: further studies are needed to complete the picture of public allocations for health research, especially with regard to funding from the DFG and other significant sources.  
A3.2
Industry-funded R&D for NCDs and CDs

To estimate the breadth of research on NCDs and CDs funded by the private sector, the study focused on the top ten pharmaceutical companies, based on their 2008 revenues.
 These companies’ R&D investments collectively account for 62.38% of the whole 2008 pharmaceutical industry’s R&D (US$ 90.49 billion) according to the European Federations of Pharmaceutical Industries and Associations (2009). Each firm’s pipeline was retrieved from the company’s website and compounds in active development, either in clinical trials or at the registration stage, were grouped into CD or NCD drugs, based on the product’s primary therapeutic indication
. Compounds being actively tested in multiple trials within the same phase were counted as a single project. 72.6% of drugs in development by the ten firms were classified as related to the therapeutic areas of interest to this project. The financial cost incurred in 2008 for the development of drugs in noncommunicable and communicable therapeutic areas was estimated by a correlational analysis, as illustrated in section A4.3.

A3.3
Charity- and private foundation-funded R&D for NCDs and CDs

The Global Forum for Health Research (2008) estimated that US$12.2 billion was invested in 2005 in health-related R&D by the private not-for-profit sector, which includes charities, foundations and higher education. Within that figure, private university funding was estimated to amount to US$ 3.1 billion (ibid.).  The present study centered on major foundations and charities and had to disregard private funding of universities, as they do not systematically report on R&D funding by category of disease.

Foundations were identified through reviews of donor funding of health R&D, such as Shiffman (2006), and ranked by the size of their endowment. Subsequently, the largest 50 U.S. and 40 European foundations were examined on the basis of three criteria: i) available information on health R&D investments, ii) available information on health R&D investments by disease and iii) investments in excess of US$ 5 million. Due to these inclusion criteria, merely 5 foundations were included in the study. This is a challenging sector to examine, since unlike charities, few of them disclose their investments in R&D. 

Although charities normally report on specific R&D allotments, their sheer number also makes this a challenging group to report upon. According to the National Center for Charitable Statistics, in 2008 there were 1,536,134 registered non-profit institutions in the United States of which 974,337 were public charities and 115,340 were private foundations (National Center for Charitable Statistics, 2009). A review of 372 U.S.-based charities, identified through Charity Navigator, excluded those for which R&D funding could not be attributed to specific NCDs or CDs, resulting in the inclusion of 34 charities. The remaining charities either did not have a clear link to a disease group examined, or were focused on advocacy and support, rather than research. All identified U.S. charities reported R&D investments under programme activity within their financial statements. 

Moreover, the study sought to provide representation of the major charities based in the UK, France, Germany and Japan, as these countries were also considered in the public sector funding review. In the United Kingdom, charities are regulated by the Charity Commission, which is a government body that ensures that charities remain transparent and accountable to donors. There are 166,807 registered charities with a combined annual income of £51.1 billion. Although the Charity Commission does not maintain a register of charities by sector, it is possible to search various charities by keywords for objectives and activities. A search of charities by keywords “health”, “medical” and “research” was undertaken and the sample further restricted to charities with a total income of over £10 million, resulting in 256 charities. The 14 charities providing disease-disaggregated information on R&D funding were retained. French charities with annual research activities accounting for over €33 million, were also included. The search for Germany- and Japan-based charities, based on the same criteria held above, was inconclusive.

A4
Data analysis

All financial figures are expressed in 2008 international US$
. Absolute figures of R&D funding, as well as relative proportions of specific disease R&D are reported for the public and not-for-profit sector. These figures need to be interpreted with caution, as only a share of total public and private not-for-profit spending on CD and NCD research could be tracked from publicly available sources and, more importantly i) the size of this share varies among observed countries (cfr. section A3.1) and ii) how untracked funds are distributed to different disease areas remains unknown.  While absolute R&D figures are not exhaustive of national public and private not-for-profit spending, relative shares allocated to disease-specific research might change substantially if the overall spending by these sectors was to be tracked.

A4.1 Public-funded R&D for NCDs and CDs

The distribution of the research portfolio of national public funders across diseases is shown in figure A1. 

Figure A1
Proportion of public R&D funding by disease and by country (2008)
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Notes: 
Research on diabetes is included in CVD research, in France.


Data on diabetes and CRD research in Germany are not available.
Across countries, investments in NCDs ranged from 66.2% to 84.7% of total investments in CDs and NCDs. The United States and Japan show the highest comparative investment in CD research, flowing significantly to HIV/AIDS in the former and directed predominantly to other communicable diseases in the latter. In utilizing the United Kingdom’s Research Classification system, it was not possible to exclude the Wellcome Trust (private foundation), which has inflated the magnitude of investments in the British public sector, particularly in terms of CDs. In the United States (27.1%) and Japan (32.8%), cancer research absorbs the highest share of total disease specific funding, to an extent that is comparable to the envelope allotted to all communicable diseases. The UK’s public contribution to cancer research is overstated, as the figure includes funding from the Cancer Research UK that is the world leading cancer research charity (cfr. section A3.1). 
Mental health research is the second highest funded disease area after cancer and CDs in the US (22.9%) and in Japan (14.9%)
. Japan nonetheless invests a comparative smaller proportion in mental health, reflecting the stigma attached to mental health, as shown by the literal translation into English of the discipline as ‘health of the heart’. As far as France is concerned, CVD, CRD and mental health research are allocated equal shares of the public budget (about 17%). Finally, cardiovascular disease research accounts for a comparatively lower share in the US (9.1%) and in the UK (16.6%), whose figure – as per Figure A1 – is overstated because funding from the British Heart Foundation (which is a not-for-profit organization) could not be excluded from the UK’s Research Classification system. (cfr. section A3.1). The following table illustrates the scale of funding to specific non-communicable diseases, within the NCD research envelop. 

Table A2
Share of Public Sector Investments in noncommunicable disease R&D by category and by country (2008)
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*Research on diabetes is included in CVD research

Table A2 shows that cancer research is attracting the highest proportion of funding directed to NCDs (39.7% on average). Mental health is the second highest funded NCD research area (34.7% on average), with the notable exception of Japan and France. CVD absorbs a comparatively lower proportion of funding flowing into NCD research in the US. 
Financial R&D figures are reported in the next table (Table A3). The US confirms its leading position as the biggest public funder. Germany’s and Japan’s absolute figures are understated as these are the two countries for which the lowest portion of public funding was tracked. Moreover, UK figures include the three most important philanthropic organizations’ R&D budgets. Public funding in the UK would lower substantially if we subtracted the relative contribution of the not-for-profit organizations (as estimated by their annual R&D budget). Public institutions in France receive a mix of funds from public and private donors; public funding would lower if we estimated the portion allocated solely by the public sector. 

Table A3
Public Sector Health R&D funding by Category and by Country (international $, 2008) 
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*Research on diabetes is included in CVD research

A4.2
Charity- and Private foundation-funded R&D for NCDs and CDs 
Of greatest interest in the private not-for-profit sector are the results from both the United Kingdom and the United States, since there are very clear definitions of charities and foundations, which are actively monitored by government agencies and interest groups. When examining the total for private foundations and charities included as part of this study (US$ 2,473.3 million), a total of 66.7% (US$ 1,650.4 million) was allotted to NCDs and 33.3% (US$ 822.9 million) to CDs. In total, cancer is the leading category of investments for NCDs, accounting for 44.2% (US$ 1,092.7 million) followed by cardiovascular diseases with 12.7% (US$ 313.5 million) and diabetes with 9.3% (US$ 230.8 million). Chronic respiratory diseases and mental health, both account for less than 1% of investments.
Table A4
Private Not-for-profit Sector Investments in Health R&D by Category in international $ (2008)
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Cancer

$1'092.7

44.2%

Cardiovascular Diseases

$313.5

12.7%

Chronic Respiratory Diseases

$12.9

0.5%

Diabetes

$230.8

9.3%

Mental Health

$0.4

0.0%

Non-communicable Diseases Total

$1'650.4

66.7%

Infectious Diseases

$822.9

33.3%

Communicable Diseases Total

$822.9

33.3%

Total

$2'473.3

100.0%


The United States
Considering both charities and private foundations in the United States, a total of US$ 1,537.6 million (2008) was spent on relevant research, of which 61.1% (US$ 939.3 million) was for NCDs and 38.9% (US$ 598.3 million) was for CDs. The majority of funding for CDs came from private foundations such as the Bill and Melinda Gates Foundation, whereas funding for NCDs come mostly from charities. Investments in NCDs include: cancer (US$ 508.1 million), diabetes (US$ 223.0 million) and cardiovascular disease (US$ 199.78 million), while chronic respiratory disease (US$ 8.0 million) and mental health (US$ 0.4 million) remain less funded.  If we exclude private foundations, charities invested a total of 88.1% (US$ 907.5 million) in NCDs and 11.9% (US$ 113.62 million) in CDs.
Table A5
USA Private Not-for-profit Sector Investments in Health R&D by Category in International $ (2008)

	Category
	R&D        ($ mn)
	Per Cent of Total

	Cancer
	$508.1
	33.0%

	Cardiovascular Diseases
	$199.8
	13.0%

	Chronic Respiratory Diseases
	$8.0
	0.5%

	Diabetes
	$223.0
	14.5%

	Mental Health
	$0.4
	0.0%

	Non-communicable Diseases Total
	$939.3
	61.1%

	Infectious Diseases
	$598.3
	38.9%

	Communicable Diseases Total
	$598.3
	38.9%

	Total
	$1'537.6
	100.0%


United Kingdom

The United Kingdom spends a relatively high proportion of its total charitable and private spending on cancer research (US$ 462.9 million), due in large part to Cancer Research UK, which is one of the world’s largest cancer research organizations, with investments of US$ 407.8. As a share of the total, 90.4% (US$ 589.4 million) was spent on NCDs and 9.6% (US$ 62.7 million) on CDs. For communicable diseases, the entire total is attributable to funds from the Wellcome Trust.
Table A6
UK Private Not-for-profit Sector Investments in Health R&D by Category in International $ (2008)

[image: image5.wmf]Category

R&D        

($ mn)

Per Cent 

of Total

Cancer

$462.9

71.0%

Cardiovascular Diseases

$113.7

17.4%

Chronic Respiratory Diseases

$5.0

0.8%

Diabetes

$7.9

1.2%

Non-communicable Diseases Total

$589.4

90.4%

Infectious Diseases

$62.7

9.6%

Communicable Diseases Total

$62.7

9.6%

Total

$652.1

100.0%


A4.3
Industry-funded R&D for NCDs and CDs

Based on ten companies’ pipelines, the number of NCD and CD drugs in development in each phase of clinical trial was computed, as shown in the table below (table A7). The table also reports each company’s annual R&D budget for 2008, converted to 2008 international $. 

Table A7
Number of Active Drug Development Projects by Category and Phase in International $ (2008)
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Johnson & Johnson*** $8.4 8 11 23

Pfizer  $7.9 3 5 3 11 31 21 8 60 29 40 33 27 100 $0.08

Novartis**** $6.1 5 1 11 17 0 9 20 29 4 5 16 29 50 $0.12

GlaxoSmithKline  $5.6 4 4 0 8 20 15 16 51 77 41 49 46 136 $0.04

AstraZeneca  $5.2 7 2 1 10 23 22 8 53 13 38 29 9 76 $0.07

Sanofi-Aventis  $5.0 4 7 8 19 10 5 16 31 14 17 16 31 64 $0.08

Merck  $4.8 1 3 1 5 21 11 7 39 3 22 16 9 47 $0.10

Eli Lilly  $3.8 0 0 0 0 32 14 7 53 13 39 19 8 66 $0.06

Amgen  $2.9 0 0 0 0 7 10 7 24 16 13 13 14 40 $0.07

Roche  $2.5 2 1 1 4 32 20 17 69 13 42 23 21 86 $0.03

Total  $43.9 26 23 25 74 176 127 106 409 182 257 214 194 665 $0.07
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Average 

($ bn)**

Communicable Disease Non-communicable Disease Totals

Company

Company 

Total

R&D 

Budget 

($ bn)**

CD Total

NCD 

Total

Other 

Disease 

(Total)

Phases Phases Phases


* 
“
Other” includes diseases that not selected as explained in section A2.   
**
Adjusted US PPP (2008)   
***
J&J reports only selected drugs in later stages (phase III or registration) without providing the total number of drugs in development; and therefore excluded from the analysis 
**** 
Novartis reports details for only 50 out of their total of 152 projects
While these companies disclose their last financial year’s R&D budget, they do not provide any indication of the share of R&D expenditure devoted to NCD or CD drugs development. Therefore, the financial cost incurred for the development of drugs in these two therapeutic areas over 2008 had to be estimated. There are in principle two ways to obtain an estimate: to use published unit costs of drug development projects or to perform a correlational analysis on the data in Table A7. The first option, using published unit costs, proved unsuitable, and the reasons will be briefly explained in the following subsection. Results of the correlational analysis will be illustrated thereafter.

Literature estimates of project unit costs

An authoritative lead from the literature is the work by DiMasi and colleagues at the Tufts Center for the Study of Drug Development (2003), estimating the industry cost of developing a new drug at US$ 802 million. This estimate includes the cost of failure (i.e. expenditures on failed projects) and the cost of capital (i.e. the value of forgone alternative investments). There is some controversy over the costing methodology, since DiMasi and colleagues (2003) examined new molecular entities, which represent 22% of all newly approved drugs (Light, 2007); while most new drugs are incremental improvements on existing ones and have therefore lower R&D costs. Moreover, direct and indirect government subsidies are not deducted and the figure represents the companies’ gross cost. Finally, half of the estimate consists of estimated profits forgone, whose account/inclusion is questionable, given that these companies are research-oriented by design, and produce a social good. Nevertheless, the $802 million has remained an indicative figure, and DiMasi and colleagues’ methodology is widely referred to and has been adapted by others. Based on DiMasi’s published data, Light (2006) for instance introduces adjustments for R&D tax savings as well as to align the cost of capital to US and Canadian government guidelines, resulting with an estimated $358 million per newly approved drug. 

Moreover, the aforementioned studies provide a single average figure. Adams and colleagues (2006) show, however, that there is considerable variation in the estimated costs of developing drugs of differing/varying therapeutic relevance
. According to their results, the short phase III durations for HIV/AIDS drugs are associated with lower capitalized costs (44 percent below the average) for those drugs
. Conversely, the estimated cost for chronic and degenerative diseases, that are generally most costly to test, as they typically require more complex patient care and monitoring, longer periods for effects to be observed, or larger trial sizes to establish their efficacy, are associated with substantially higher than average capitalized costs: 20, 17 and 30 percent above average for cancer, neurological and respiratory drugs respectively (Adams et al. 2006). DiMasi et al. (1995), using the same data as in their original 1991 study, found that capitalized clinical costs for different drugs ranged from 25 percent below the average to 75 above the average. These results, however, contrast with those presented in a recent extension of the DiMasi and colleagues (2003) study. DiMasi and colleagues (2004) found that capitalized cost per approved new drug is somewhat less variable across therapeutic categories for the most recent period, than it was in their previous study (DiMasi et al., 1995). DiMasi’s most recent work reports variations from 13 percent above the average to 20 percent below the average and also found some reversals in clinical costs relative to the overall drug average for the most recent period
. These diverging results add uncertainty about which range of variation should be applied to the cost of CD and NCD drugs in development, and any choice would produce discretionary results. 

Also, the application of any of these estimates would require addressing the issue of differing time frames. While these cost estimates refer to the entire period of development until approval, the objective of this work is to appreciate the expenses made for the development and clinical testing – in any of the three phases - performed in 2008. The available studies do not however provide sufficient information for annualizing their estimates. Moreover, the estimates are based on drugs that entered into clinical trials over a decade ago and may well be no longer representative.

Correlational estimation of the industry R&D budget share flowing into CD and NCD drug development

Table A7 above presents the number of projects of CDs, NCDs and “other”
 types of drugs in development, that were covered by total annual R&D expenses reported by the industries. Based on this, each company’s average per-project expenditure in 2008 (right-most column) was calculated. These vary considerably between companies, even more than suggested by the most extreme deviations estimated by the studies cited above. It can be assumed that these differences are at least partly owing to the varying numbers of active projects in each of the three categories (CD, NCD and others), as shown in the central columns of Table A7. Moreover, the difference may be due to the relative distribution of drugs across therapeutic areas among companies, of new-molecule-development versus incremental improvement projects, and of projects being in phases I, II or III. Of course, part of the variation in average per-project expenses may also be attributable to company-specific reporting styles and biases. 

Both the variation due to different numbers of projects (observed, see Table A7) and the variation due to the other mentioned factors (unobserved) can be quantitatively estimated by a regression model with fixed and random coefficients
. The 2008 R&D budgets were modelled by regressing them on the numbers of NCD, CD and “other” drug projects. The unobserved company particularities were represented by random parts for the CD and NCD effects. The model estimates that, of the overall aggregated R&D budget of the ten companies considered, US$ 29.4 (90% confidence interval: 10.0 – 48.8) could be attributed to NCD drugs development, and US$ 13.6 (0.4-26.8) billion to CD drugs development, in 2008
.

The regression on three independent variables with only nine cases is of course at the limit of what is feasible. This situation is, however, routinely encountered e.g. in meta-analyses (Greenland [1998]; Houwelingen & al. [2002]). While the limited available time has allowed for the collection of only the top ten companies, it remains desirable to analyze a larger sample of companies (i.e. 30 companies). In addition, by obtaining detailed information about how the published numbers and budgets were calculated from companies, the comparability of these numbers could be enhanced. 

A5.
Discussion

This study reports on efforts to estimate global R&D spending in 2008, across the spectrum of considered NCDs and CDs. Due to the limited time and resources available for this work, only the largest sources, responsible for the majority of global funding, could be considered. Moreover, this study can only report the data that were publicly available. This is a limitation to the extent that the study relies on what and how countries, organizations and industries choose to report. In order not to constraint or bias the research, rather than addressing solely English-translated information, original language budgets and reports across the US, the UK, France, Germany and Japan were accessed through public portals. Nonetheless, public funders variably report on disease-specific R&D budgets. Moreover, foundations as well as private universities generally do not report on disease-specific research funding. Industries disclose their project pipelines (in some cases only a sub-sample) as well as information on the therapeutic significance of active drugs in development, but not information on R&D flowing into specific-disease drugs. The study manages to classify a share of disease-relevant R&D funding from less than half (in Germany) to as high as 95% (in the US) of public funding; over 70% of industry investments and, finally, the largest funding by foundations and charities (although these do not account for the majority share of not-for-profit spending, given the sheer number of organization holding modest budgets). 

Another challenge faced was the lack of standardization in reporting and classification systems between and within countries. Public bodies may report on budget appropriations, requests or commitments. Research expenditures may be aggregated across variably defined groups of diseases. Compounds in development might be classified across variably defined primary indications. Funding sources may not be discernable. 

While the results are therefore tentative and the relative share of R&D funding across diseases should not be generalized, they show a consistent 2:1 ratio in R&D funding that is allocated to NCDs and CDs respectively, across sectors (Table A8).
Table A8 
Total Sector Investments in Health R&D by Category in International $ (2008)
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There are large variations in public spending flowing into NCDs and CDs across the countries examined, with NCDs receiving from 65 to over 80% of national public budgets. Cancer research alone absorbs in all countries the equivalent of – or more than - what flows into research for all communicable diseases. 

While an estimate of the cost for the development of the aggregate classes of industry NCD and CD drugs was developed, the sample was not large enough to allow the estimation of the cost of disease-specific drugs. However, the distribution of active projects across diseases can provide some indication of the industry R&D commitment to different diseases. Of all CD and NCD projects in development in 2008 in the top ten pharmaceutical industries by revenue, 84% were NCD-related and 15.3% were CD-related (Table A7). The distribution of drugs in development across NCDs is consistent with the relative magnitude of NCD research funded by the public sector: cancer drugs constitute 31.5% of drugs in development (regardless of the development stage); mental health and CVD drugs represent respectively 22.4% and 11% of disease-relevant projects. While being limited to the ten largest pharmaceutical companies by revenue, the sampled pipeline analysis is consistent with results provided by FierceBiotech (2009)
: of the 2,900 medicines in development in the U.S. in 2008, 750 (25%) compounds were cancer drugs, 312 (10%) for heart disease and stroke and 109 (3.7%) for HIV/AIDS.

In the private not-for-profit sector, communicable disease funding remains primarily in the realm of private foundations (63.3%), while noncommunicable diseases are widely covered by charity funding (98.1%). 44% of the overall not-for-profit R&D commitment goes to cancer research. Interestingly, mental health - which is significantly targeted by public as well as private R&D - is neglected by the not-for-profit sector even in those countries where it constitutes an important item on the public research agenda, such as the US and the UK. 

It is beyond the scope of this study to link this mapping of R&D to the mapping of burden of disease. However, a few considerations are worth making. According to the UK Clinical Research Collaboration (2006), the general distribution of public and not-for-profit funding across diseases in the UK broadly follows the pattern of burden of diseases as measured by DALY rates for the country in 2006. Similarly, Manton et al. (2009) found consistent longitudinal correlation between the level of investment in NIH research and population changes in the risk of specific diseases (CVD, stroke, cancer, and diabetes) over the last five decades. 

However, the extent to which this research can address the risk or burden of these diseases in LMICs remains unknown. Data from this study shows that the US NIH’s disbursement for HIV/AIDS research amounted to almost US$3 billion, and Ravishankar et al. (2009) estimated that Development Assistance for Health (DAH) funding for HIV/AIDS amounted to a total $5.1 billion in the United States in 2007. According to Moran et al. (2009) however, NIH funding for neglected diseases specifically targeted to developing-country-specific presentations (including HIV/AIDS) was an estimated US $1.06 billion in 2007. This gap shows the extent to which research that is relevant to LMIC health needs is severely under-funded. A similar conclusion can be drawn by comparing research funding for communicable diseases across sectors. For example, the G-Finder estimate of US$2.5 billion spent on LMIC-relevant neglected disease R&D is rather small, when this study finds $20 billion (Table A8) allocated to all CD research in an incomplete sampling of HICs. The gap between LMIC-relevant R&D and all health R&D is considerable.  

To conclude, a more comprehensive study should be undertaken to collect and collate data from a wider range of sources, and to disaggregate information into specific diseases. This would also constitute a baseline, against which future funding trends could be analyzed. 
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Part B

Existing or potential mechanisms for coordination of financial flows for R&D for both communicable and noncommunicable diseases
Stephen A Matlin

B1. 
The complex global health research and innovation system (GHRIS)
The R&D pipeline producing medicines to prevent and treat diseases is illustrated in Figure B1. All stages, from discovery to uptake and use, are essential if a new product is to have impact on the health of the target population and research is essential at each of these stages to ensure safety, efficacy, practical utility and positive benefits in terms of health and health equity. A spectrum of different types of research is involved along the pipeline – research differing markedly in the locations where it is conducted, the types of researchers and research methodologies, the order of magnitude of funding required and the types of funders who support the work. A variety of factors contribute to the impetus for movement along the pipeline, including the recognition of changing disease patterns, prioritization of targets, evolving funding mechanisms for research and innovation and policies to stimulate and support the strengthening, sustaining and utilization of R&D capacities in disease-endemic countries and in LMICs generally.
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R&D for communicable and noncommunicable diseases, including those of importance in low- and middle-income countries (LMICs), takes place within the global health research and innovation system (GHRIS) - a complex system incorporating the two overlapping domains of research and innovation
 for health. The GHRIS includes not only the ‘architectural’ aspect of the numbers and types of institutions involved in research and innovation, but also the issues of communications, coordination and synergy between them. A comprehensive systems perspective is necessary to provide insights that can guide efforts to achieve greater effectiveness, efficiency and impact (Matlin & Samuels 2009).
Some of the key elements of the GHRIS are outlined in Figure B2. A large and diverse array of actors provide resources for global R&D for health, which now amount to more than US$ 160 billion per year, predominantly invested in high-income countries (HICs) and with half coming from the private sector (Burke & Monot 2008 ). Most resources directly fund the performers of research, development and innovation, but a small fraction is passed to intermediaries which focus attention on and channel funding to neglected areas. The overall result is the creation of products, process and knowledge relating to both technological and social areas of innovation. Some products, process and knowledge are generated in the private sector and are governed mainly by commercial interests, while some take the form of global public goods (GPGs), mainly generated in the public sector. Ultimately, both commercial products and GPGs benefit health, although the distribution of benefits and the impact on health equity varies between HICs and LMICs. The entire system operates in an external environment of drivers (economic, political, social), incentives and motivations (financial, humanitarian, scientific, human), promoters (science and technology policies and investments, legal and commercial frameworks for innovation) and barriers (restrictions in access to trade and markets, knowledge, investment funds, technologies) as well as being subject to positive and negative feed-back mechanisms that operate between various elements.    
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Mahoney and Morel (2006) were among the first to call for attention to a global health innovation system which would 'define how countries and institutions could more effectively contribute to health care innovations, especially for the poor in developing countries’. They noted that much can be learned from innovation system studies about how the global system can better respond to innovation failures in science, in the market or in public health. The tracking of resource flows provides one extremely valuable tool for exposing the myriad pathways that connect the many actors in the GHRIS and helping to make sense of the connectivities and potentials within the system.

B2. 
Coordination of R&D for communicable and noncommunicable diseases
B2.1

What is coordination?
B2.1.1
Objectives of coordination

Given the complexity of the global health research and innovation system, there is a growing sense of the need for some type of ‘coordination’. 

· The primary objective of coordination would be to ensure that, when new drugs, vaccines and diagnostics are needed to treat diseases prevalent in LMICs, products are developed that are safe, effective, affordable and suitable to the conditions in which they will be used, thereby contributing to better health and health equity globally. 

· Secondary objectives could include:

· avoiding unnecessary duplication of effort 

· avoiding waste of funding

· enabling priority efforts to be directed to urgent or neglected areas by assisting policy makers and donors in setting and management of global priorities and in selecting the most productive areas for attention along the innovation pipeline – e.g. where there is insufficient priority for specific areas of basic science, inadequate funding for lead uptake and product development, or lack of funding or capacity for clinical trials at appropriate locations; or where competing product development pipelines within and between specific diseases necessitate choices to be made.

· facilitating cooperation between public and private sector actors

· promoting inclusion of a wider range of actors in the R&D process – e.g. ensuring involvement of LMIC researchers in developing solutions to problems in their own countries; and/or R&D capacity building in LMICs.

B2.1.2
Coordination degree and time frame
The question of ‘strength’ or ‘degree’ of coordination also needs to be highlighted. The most comprehensive coordination would involve groups of actors agreeing to align their actions and/or resources fully in order to close gaps, minimise duplication and develop a collective programme to achieve shared goals. Less extensive coordination could involve a spectrum of efforts to share information, collectively map priority agendas and stimulate cooperative initiatives, while leaving each actor free to chose their own specific niche areas for engagement. 

Time frames are also important. Ideally, a coordination mechanism for R&D will operate over a substantial number of years, commensurate with the duration of product development cycles, ensuring sustained effort and continuity/adequacy of funding while allowing for adaptation to changing factors in science, disease profile and emerging new priorities. In practice, coordination efforts may be much more limited in duration.

B2.1.3
Financing mechanisms and coordination

It is important to note the distinction between financing mechanisms for health R&D and the coordination of health R&D. In recent years a number of mechanisms have been proposed or adopted that aim to increase the attention to R&D for particular diseases. These include a number of ‘pull’ mechanisms, like prizes and advanced market commitments, which are intended to provide incentives for research leading to useful products. However, these are not, in themselves, coordination mechanisms but leave the R&D community free to choose in which areas to invest and compete.

However, such financing mechanisms could become part of a system of coordination, if combined with other approaches that bring together the aspects of priority setting, portfolio management, alignment of groups of actors in joint programmes, etc.

B2.1.4
Resource tracking and coordination

While they may not be concerned exclusively with financing, any efforts at the coordination of health R&D must be based on an understanding of the resources needed to tackle the targeted health problems, coupled with knowledge of the resources already available and how they are being used. Thus, coordination approaches in general require resource tracking as an indispensable tool to aid problem formulation, priority setting, programme planning and monitoring of progress.

The field of global resource tracking for health R&D is relatively new. The first estimate of worldwide spending on health R&D was made by the Commission on Health Research for Development (1990). The Commission estimated that in 1986 the world spent US$ 30 billion on health R&D, of which only about 5% was being applied to the health problems of LMICs, where 93% of the world's preventable deaths occurred. Since 2001, the Global Forum for Health Research has been regularly and systematically tracking and reporting global financial flows for health R&D, producing a biennial total, conducting studies of resource flows in relation to specific diseases, conditions, actors and geographies and, since 2008, publishing an annual Report Card on the performance of funders against targets and commitments (Landriault et al 2009). 

Interest in monitoring financial flows for particular aspects of health R&D has grown significantly in the last decade, some specific examples including:
· Groups dedicated to tackling a specific disease like HIV/AIDS (HIV Vaccines and Microbicides Resource Tracking Working Group 2009), TB (Agarwal N 2009) or malaria (Malaria R&D Alliance 2005) have assessed funding flows and needs;

· Countries have made assessments of research funding, either as a single exercise to benchmark activity and compare with burden of disease (UK Clinical Research Collaboration 2006; Families USA 2008), as a tool for advocacy towards policy makers (Research!America 2009), or as part of a systematic annual approach to prioritizing national funding for health research (de Azevedo Gesteira AS 2006);

· The Bill and Melinda Gates Foundation (BMGF) has funded the G-FINDER project at the George Institute in Sydney to track global resources for a set of neglected diseases over a 5 year period (Moran et al 2009).

· The private sector has reported on its own contributions to health in LMICs, estimating the combined value of its donations to drug access programmes (excluding R&D on neglected diseases) to be in the region of US$ 4.4 billion (IFPMA 2006; Kanavos 2006).
B2.2
Current arrangements

The following analysis of current arrangements includes a spectrum of partial and temporally limited coordination efforts, since they can be regarded as valuable/realistic models in their own right, as embryonic forerunners of a comprehensive coordination mechanism, or as sources of learning about the limitations of incomplete approaches.

At present, there is no global coordination of R&D for communicable and noncommunicable diseases. The field is highly fragmented, with most actors working either in isolation or as a part of small groupings or networks involving a very limited sub-set of entities with shared goals. Thus, there are partial efforts to coordinate selected aspects of the overall system pictured in Figure B2, often involving predominantly just a section of the innovation pipeline. The major areas where this occurs are outlined here, with the types of coordination ordered approximately to follow the sequence of stages in the overall R&D pipeline depicted in Figure B1.

B2.2.1
Basic research

Basic research is the vital first step along the continuum of innovation that leads from ideas and concepts to useful products. If some areas of science are neglected, the result may be a dearth of leads entering the R&D process depicted in Figure B1. For example, at the present time there is a paucity of good prospects for an HIV/AIDS vaccine that can give an sufficient level of immunity to be acceptable for clinical use and it can be argued that a much greater investment in basic research is necessary to develop new leads.

Globally, nearly all basic research leading to medicines is conducted in high-income countries, in universities, national institutes of health, medical research council laboratories and research institutes. The availability of funding very largely determines what research gets done. Public sector priorities for funding are largely controlled by governments, through assorted mechanisms: sometimes directly by the legislature (as in the annual Congress appropriations for the US NIH, which at US$ 30 billion in 2005 was the largest single pot of funding for health R&D in the world that year and amounted to nearly one fifth of the global total); sometimes by ministries dealing with research and health, either directly through ministry allocations to the higher education institutions or via intermediary funding bodies such as research councils and higher education grants agencies. At the national level, public sector funding for health R&D is subject to political considerations (including perceptions by the politicians, the public and the media of what are important priorities) and to the influence of scientific peer groups who are often involved in the detailed selection of research projects. Funding may therefore depend on judgements about what are the national health priorities (which may be linked to current national burdens of disease, potential future threats to health or particular areas for which there are influential champions), or what are the areas of science judged to be ‘fashionable’, ‘cutting edge’ or potentially ‘wealth-creating’. Funding for areas of basic research directed towards health problems that are relevant globally or to LMICs, rather than predominantly of national importance in HICs, has often been seen as problematic and dependent on the attitude of the taxpayers.

Internationally, little coordination occurs between different countries in funding for basic science. The European Commission’s 7th Framework programme is largest collective effort in R&D in the world, dispersing some €6.4 billion in science research funding over several years for programmes in fields that have been jointly agreed by the member states (European Commission 2009). This figure is small, however, compared with the combined national R&D funds for the EU member countries, which collectively spend well over US$ 10 billion per year in R&D just in the health field.
The Caribbean Health Research Council (CHRC 2009) is a regional health institution with the mandate to promote and coordinate health research in the Caribbean. It serves countries that are members of the Caribbean Community (CARICOM), providing advice to their Ministries of Health and other stakeholders and generally supporting research related activities. CHRC has developed a Health Research Policy for the Caribbean, whose goal is to guide the strengthening of systems so as to increase the production, access and use of essential research and thus facilitate the crafting of evidence-based health policies, programmes and practices.
 

The Heads of International (Biomedical) Research Organizations (HIROs) is a group of a score of heads of agencies involved in funding/performing basic biomedical research, predominant in high-income countries. The group meets annually (CIHR 2003) and in recent years has begun to engage in some dialogue with counterparts from LMICs (e.g. China, Africa) for discussions about priorities and collaboration (Chinese Academy of Sciences 2005). This group has so far remained largely concerned with information exchange and networking and at best could be seen as a weak/embryonic mechanism for coordination.

A ground-breaking new approach to collaboration among national research agencies engaged in basic research emerged in mid-2009 with the announcement of the formation of the Global Alliance for Chronic Diseases (Collins 2009). This involves six of the world's leading health agencies (Australia National Health and Medical Research Council; Canadian Institutes of Health Research; Chinese Academy of Medical Sciences; UK Medical Research Council; and US NIH – specifically its National Heart, Lung, and Blood Institute (NHLBI), and the Fogarty International Center), collectively managing an estimated 80% of all public health research funding, collaborating in NCD research to tackle cardiovascular diseases (mainly heart disease and stroke), several cancers, chronic respiratory conditions and type 2 diabetes. Work of the Alliance will focus in particular on the needs of LMICs, and on those of low-income populations of more developed countries. The Indian Council of Medical Research will be invited to join the Alliance as a member. Research agencies from other countries and private funders may be invited to join in a second wave and WHO is joining the Alliance as an observer. The proposed priorities were identified in a collaborative paper published in Nature (Daar et al 2007). The inaugural scientific meeting take place in November 2009.

B2.2.2
Public-private product development partnerships

The establishment since the mid-1990s of several PDPs created a new approach to R&D for diseases of particular importance in LMICs, by aiming to combine ex-ante funding from diverse philanthropic, public and private sources with an efficient approach to managing drug development, drawing as needed on skills and expertise from the private sector and maintaining control to ensure the public interest in access to the products (Widdus & White 2004). Initially disease-specific entities such as the International AIDS Vaccine Initiative (IAVI) and Medicines for Malaria Venture (MMV) were established with strong support from the Rockefeller Foundation and BMGF. Subsequently, as well as other disease-specific PDPs like the TB Alliance, some multi-disease PDPs have emerged, including the Drugs for Neglected Diseases Initiative (DNDi) and One World Health (OWH), as well as the Foundation for Innovative New Diagnostics (FIND).

Each of these PDPs has been contributing to the coordination of R&D efforts around one or more specific diseases and they have added significantly to the strength of product pipelines. However, from the perspective of global coordination, their degree of success has been limited in a number of ways:

· Even among the PDPs, there has been a degree of competition in the development of drugs for specific diseases – e.g. both MMV and DNDi have had programmes for malaria.
· There has been continuing effort by other groups working on the same diseases – e.g. the UNICEF/UNDP/ World Bank/WHO Special Programme for Research and Training in Tropical Diseases (TDR) and OWH have both developed products for visceral leishmaniasis.
· The PDPs compete with one another for funding, with BMGF and a handful of bilateral donors being the principal sources, but without an overall portfolio coordination mechanism that assists donors to select either the highest priorities or the ‘best buys’, or that ensures that pipeline funding needs are adequately met – especially as products in development reach the stage of expensive clinical trials.

A PDP Donor Coordination Group (DCG), comprising Irish Aid, UK DFID, Wellcome Trust, World Bank, DGIS (Netherlands), BMGF, SDC (Switzerland), Rockefeller Foundation, CIDA (Canada), NORAD (Norway), USAID and US National Institutes of Health (NIH), was established in April 2004 to facilitate donors in supporting and monitoring the performance of PDPs through information sharing, policy analysis and advocacy. An additional rationale for the DCG was that donors and PDP representatives agreed on the need to reduce monitoring and engagement transaction costs on both sides, through coordinated monitoring initiatives.Three years later, Irish Aid highlighted what it saw as the advantages of the DCG (Irish Aid 2007): (i) improved quality of decision-making; (ii) policy influence as part of a larger group of donors; (iii) reduced transaction costs, on Irish Aid and PDPs; and (iv) increased capacity of Irish Aid to oversee and monitor the PDP field. However, Irish Aid also noted that work to date had not produced criteria or clarified for donors how they can make comparative judgements and choices between different PDP options. They also saw the need to involve WHO and other relevant normative multilateral agencies (in the case of MMV, this would include TDR and WHO’s Roll Back Malaria initiative) as full partners with the PDP; and to avoid addressing the upstream-downstream interface on a product-by-product case, or only by individual PDPs, which carries the risk of product or disease-specific verticalisation. 

During 2009, BMGF began a series of intensive dialogues with a group of PDPs, recognizing there is probably room for ways for the PDPs to improve efficiency and effectiveness by collaborating more, e.g.  by creating scale and sharing knowledge and expertise (Hentschel 2009).
 

B2.2.3
Coordination in and with disease-endemic countries
TDR: The goal of the Empowerment Function within TDR’s current strategy (TDR 2009a) is to develop and sustain leadership in health research and decision-making so that high-quality institutional and national systems can identify and manage research priorities. The Empowerment Function business line has three strategic objectives: (1) development of leadership; (2) linkage between research, academia and control institutions with best practice in research; and (3) leverage of TDR’s role in health research. The Empowerment Function is therefore intended to contribute to better coordination of research within disease-endemic countries and with international actors. As an early example of success in this field, TDR cites a cooperation agreement with Thammasat University, Thailand, under which the university will act as a TDR clinical coordination and training centre for health research, initiating capacity-building activities throughout the South-East Asia and Western Pacific regions.

In terms of coordination, the Empowerment Function is complementary to TDR’s business line on stewardship for research on infectious diseases of poor populations (TDR 2009b), which sets TDR a role as facilitator and knowledge manager to support needs assessment, priority setting, progress analysis and advocacy, and to provide a neutral platform for partners to discuss and harmonize their activities.
Clinical trials: Recognition of the need to create and sustain capacity for clinical trials of new products in disease-endemic countries led to the establishment of the European & Developing Countries Clinical Trials Partnership (EDCTP) in 2003. EDCTP aims to accelerate the development of new or improved drugs, vaccines and microbicides against HIV/AIDS, malaria and tuberculosis, with a focus on phase II and III clinical trials in sub-Saharan Africa. It supports multi-centre projects which combine clinical trials, capacity building and networking, to ensure that the developed capacity is utilised to successfully conduct the clinical trials in a sustainable way. EDCTP is a partnership uniting the 14 participating European Union (EU) Member States
 plus Norway and Switzerland with sub-Saharan African countries. The partnership ‘helps EU Member States to integrate and coordinate their own national research and development programmes and form partnerships with their African counterparts’ (EDCTP 2009). 

2.2.4
Setting research agendas and priorities for global action 
Several agencies are involved separately in setting research agendas for specific infectious diseases – including the PDPs and TDR. However, relatively little attention has so far been devoted to collective agenda setting, aimed at defining research agendas that are global in scope rather than tailored to a particular agency or programme. 

WHO’s new Research Strategy (WHO 2009a), currently awaiting final approval by the 2010 World Health Assembly, recognises that the organization can play a key convening role in setting research agendas and a few recent examples of areas in which WHO has been involved in collaborative research agenda setting illustrate the scope for this type of work:

· Climate change and health (WHO 2008)

· Noncommunicable diseases (WHO 2009b)

· Sexual and reproductive health (de Francisco et al 2009)

Moreover, there is scope for TDR to play this role in relation to its business lines on ‘diseases of poverty’ – currently comprising a number of communicable diseases.

B2.2.5
Coordination of development cooperation in research for health
Many agencies involved in development cooperation provide some support for research and/or research capacity strengthening. In general, this is highly fragmented and historically there has been little effort at coordination between agencies or with the countries receiving the support.

The Paris/Accra agendas: The High Level Forum in Paris in 2005 produced the Paris Declaration on Aid Effectiveness: Ownership, Harmonisation, Alignment, Results and Mutual Accountability (OECD 2005), which committed development assistance partners to closer cooperation with one another and an approach to aid which would put recipient countries much more in control of priorities, agendas and resources. The Accra Agenda for Action  (OECD 2008) builds on the commitments agreed in the Paris Declaration, especially emphasising more predictability in the provision of aid; the use of  partner country system,  rather than donor systems, as the first option to deliver aid;  donors switching from reliance on prescriptive conditions about how and when aid money is spent to conditions based on the developing country’s own development objective; and the untying of aid, with donors relaxing restrictions that prevent developing countries from buying the goods and services they need from whomever and wherever they can get the best quality at the lowest price.

However, the word ’research’ does not appear in the Paris Agenda, while in the Accra Agenda it only features in Paragraph 13(d):  ‘Donors will support efforts to increase the capacity of all development actors – parliaments, central and local governments, CSOs, research institutes, media and the private sectors – to take an active role in dialogue on development policy and on the role of aid in contributing to countries’ development objectives’.

Thus, the Paris/Accra agendas failed to address the enormous fragmentation that exists in external financing of research in LMICs. Since external resources often dwarf the national resources for research in health, there is a consequent diversion of human and financial resources from countries’ own priorities and LMICs are hampered in their efforts to build and manage their own health research systems. 

The alignment and harmonization studies and consultations conducted by COHRED (2009) and the ESSENCE initiative (TDR 2009c) represent two recent attempts to begin to tackle this problem.

B2.2.6
Centres for Disease Control
USA: The US Centers for Disease Control and Prevention (US-CDC 2009) serves as the national focus for developing and applying disease prevention and control, environmental health, and health promotion and health education activities designed to improve the health of the people of the United States. While US-CDC is not primarily a research agency, a survey (Families USA 2008) of US sources of funding for research on neglected diseases found that, for 2007, CDC was the second largest funder of basic research, the third largest funder of research overall and by far the largest US funder of implementation/operational research. 

Among its actions to accomplish its mission, US-CDC:

· identifies and defines preventable health problems and maintains active surveillance of diseases through epidemiologic and laboratory investigations and data collection, analysis, and distribution; 
· serves as the Public Health Service lead agency in developing and implementing operational programs relating to environmental health problems, and conducts operational research aimed at developing and testing effective disease prevention, control, and health promotion programs; 
· administers a national programme to develop recommended occupational safety and health standards and to conduct research, training, and technical assistance to assure safe and healthful working conditions for every working person; 
European Union: The European Centre for Disease Control and Prevention (ECDC 2009) serves as a model for action at a regional level. Established in 2005, it is an EU agency aiming to strengthen Europe's defences against infectious diseases. ECDC's mission is to identify, assess and communicate current and emerging threats to human health posed by infectious diseases. 
Among its actions to accomplish its mission, ECDC:

· works in partnership with national health protection bodies across Europe to strengthen and develop continent-wide disease surveillance and early warning systems, pooling Europe’s health knowledge, so as to develop authoritative scientific opinions about the risks posed by current and emerging infectious diseases;

· searches for, collects, collates, evaluates and disseminates relevant scientific and technical data; 
· provides scientific opinions and scientific and technical assistance including training;

· coordinates the European networking of bodies operating in the fields within the Centres mission, including networks arising from public health activities supported by the Commission and operating the dedicated surveillance networks; 

The ECDC does not regard itself as a research organization per se. However, this young and rapidly growing agency sustains working collaborations with other EU agencies including the Joint Research Centre of the EU and aspires ‘to become a catalyst for public health research’.

B3.
Proposal for a global framework for coordination of R&D for diseases of the poor 

B3.1
Elements of coordination

Overall, this analysis suggests that there are three key elements that ‘coordination’ should include:

· Coordination in the identification of priority areas for action

· Coordination in the distribution of research efforts between different entities, which may be located in the public or private sectors and in different geographies.

· Coordination in the financing of R&D

These three elements are not mutually independent and to some extent attention to any one of them requires addressing the other two. In particular, to a large degree they can be regarded as sequential – e.g. decisions about where research efforts should be undertaken requires first an assessment of what are the priorities and needs for research; the coordination of financing of R&D for diseases prevalent in LMICs would require consideration of both identifying the priority diseases and determining which actors should receive the financing. Consequently, while the remit of this study was to consider potential mechanisms for coordination of financial flows for R&D for communicable and noncommunicable diseases, consideration of the other two elements is included as a vital pre-requisite.
The situation that currently exists, as summarised in section B2, involves a series of disconnected, partial coordination efforts that primarily focus on one or another of the three elements. In the discussion below, it is argued that each of these elements could be strengthened and made more systematic, but that a comprehensive approach would require all three to be brought together.

B3.2
Coordination in the identification of priority areas for action

Experts and stakeholders from the public and private sectors would be convened in a series of Working Groups to identify the research agendas necessary to address pressing health problems, both of global significance and relevant to LMICs. The Working Groups would deal with areas based on:

· burden of disease and risk factors – communicable and noncommunicable diseases; injuries; sexual and reproductive health, mental health, obesity, tobacco, alcohol, substance abuse

· health systems

· other determinants of health beyond biological and health systems factors:, economic, environmental, political, social

Within each area, the Working Groups would: 

· identify the overall  research agenda, considering the entire research and innovation chain from idea to impact
· prioritise action

· estimate additional required expenditure

· establish a monitoring mechanism to overview progress

· establish reporting and communication mechanism to enable the actors to keep abreast of developments

Across the different areas, an Oversight Group would assemble the composite picture, highlighting global miss-matches between needs and efforts/resources and drawing attention to priority areas requiring more attention. 

Key actors:  At present, components of this work are undertaken in a fragmentary and ad hoc fashion by a number of actors, including WHO, PDPs and disease-specific partnerships. The present proposal calls for a single Working Group to address the research dimension in each problem area comprehensively and sytematically, with commonality in approach between the Working Groups and with an Oversight Group able to draw together common needs, identify synergies and summarise the global efforts. The structures and compositions of the groups could be designed to address current weaknesses in the existing fragmented approaches, including questions of adequate representation by disease-endemic countries, the private sector and civil society groups concerned with access, community participation and equity issues. 
Two models of ownership could be considered: 

A.
A single body could be mandated to establish the Oversight Group and Working Groups. This could be WHO, or a new body specially created for the purpose. In either event, it would need to draw in the existing key actors, who would need to relinquish their own separate ownership of the research agenda setting activities they have previously been conducting, instead contributing to the new joint efforts.

B.
Working Groups could be developed by extending the resources and mandate of a leading group already working in each area and establishing new groups only where needed. The Oversight Group could be assembled by seconding a representative from each Working Group, or established as a more independent group, either as a free-standing entity or convened by an existing body such as WHO.
It is evident that a key requirement in this approach is for detailed intelligence on trends in disease burdens and existing research activities, as a basis for setting research agendas and priorities. There is thus a need for a Global Health Research Observatory, either as a single entity which could be based in an existing institution (e.g. WHO, Global Forum for Health Research) or created de novo; or as a virtual organization in which a number of existing institutions undertook elements of the Observatory work, coordinated through a coordinating committee which would also oversee the work of synthesis and publication of regular status reports.
A vital judgement needing to be made by the Working Groups/Oversight Group would be the issue of when the problem under review is sufficiently interesting commercially to be safely left to the private sector. This will be particularly challenging in the case of noncommunicable diseases, because of their broad prevalence across HICs and LMICs. A degree of coordination and public sector involvement will sometimes be necessary here, to ensure that products are suited to the conditions in LMICs.

Resources: The creation of a series of global Working Groups and Oversight Group, as well as a Global Health Research Observatory, would require additional resources beyond any available to current actors, including resources for expert meetings, studies, monitoring, evaluation and reporting. The more comprehensive restructuring in Model A would be more expensive than the adaptation/development approach in Model B.

B3.3
Coordination in the distribution of research efforts between different entities, which may be located in the public or private sectors and in different geographies.

When scientific discovery and market forces fortuitously combine, the resources and incentives are in place to ensure that leads are generated by basic research and that they are taken up and carried forward to generate products that improve health.  However, Mahoney and Morel (2006) noted that three kinds of failures can be seen in the global innovation system, leading to a lack of effective treatments for health problems: failures in science (which may be due to the difficulty of a scientific challenge or to the lack of attention to the science required); failures in the market (when there appears to be limited opportunity to recoup R&D costs and make a desired level of profit); and public health failures (when the systems of organizing delivery, access, affordability, compliance, etc are weak or absent). The present discussion focuses on those cases where such failures occur and where organized effort is required to establish and sustain some or all of the innovation pipeline.

The entire pipeline of R&D requires the involvement of a diverse range of researchers working in different settings, including basic research laboratories, development/scale-up plants, clinics, health services and communities, in public and private sector environments in higher and lower income countries. Coordinated action to ensure the speedy and efficient creation of new products required to treat diseases or conditions prevalent in poor populations requires a detailed knowledge both of the nature of the problem, the stage at which effort is required and the locations of the research resources/capacities able to undertake the work.
At the basic science end of the pipeline, coordination would require that the funders/performers (which, as discussed earlier, are mainly in the public sector and presently mostly concentrated in HICs in universities, MRCs, NIHs, etc) are able to respond to health challenges that may lie outside their own national priorities and mandates; and that they are able to consult and agree on a division of work based on scientific capabilities/expertise/comparative advantages. Questions of scientific competition and availability of finances would need to be resolved. Given the growing capabilities of research laboratories in some LMICs and the value of further developing LMIC capacities to address their own health problems, the extent of inclusion of LMIC researchers and institutions in the basic science work will need to be addressed. The recent formation of the Global Alliance for Chronic Diseases (Collins 2009) provides a possible model on which to build (see Section B2.2.1)
A critical step in the drug development process is the establishment of a suitable initial screening technique to identify substances with the desired type of activity. Where such screens do not exist – in particular, where commercial interests have not warranted the investment in creating them – it will fall to the new coordination mechanism to organize their development or operation. As the development process moves from screening for hits to selecting lead compounds and optimizing drug characteristics, an array of pharmaceutical, pharmacological and toxicological assays are required; followed by clinical trials paving the way for registration and large-scale manufacture. At each stage, there will need to be selection of suitable sites in the public or private sector in HICs or LMICs.
Moving beyond the present, highly fragmented approach (in which, at best, coalitions of several interested parties focusing on a particular disease or group of diseases determine sites for a sequence of development stages) would require a ‘grand coalition’ bringing together as many as possible of the actors concerned with R&D for communicable and noncommunicable diseases. It is difficult to see how this collective approach could operate without the information and priority-setting activities of element 1 (section B3.2) having already taken place. It would therefore be logical for the combination of Working Groups and Oversight Group to take the lead role in identifying suitable actors and sites for the conduct of the R&D and coordinating the collective efforts.
It is also difficult to see what would drive this collective approach without the availability of specific resources to fund the work. Element 2 therefore only appears feasible if it takes place in the context of element 3 – the establishment of an R&D financing mechanism. 

B3.4
Coordination in the financing of R&D

Building on and extending the work of the Commission on Macroeconomics and Health (CMH 2001), it is proposed that a Global Health Research and Innovation Fund (GHRIF) be established. The Fund would have three inter-related purposes:

· Funding for targeted R&D for new drugs, vaccines, diagnostics, and intervention strategies against priority health conditions of the poor – including both communicable and noncommunicable diseases that are prevalent in LMICS and for which adequate interventions are not presently available.
· Funding for a range of research areas primarily conducted in LMICs that are essential underpinnings of interventions to improve health, including: health policy and systems research, social science and behavioural research, implementation/operational research and research on the determinants of health. The funding would combine general capacity building with focused research to support key national health programmes such as health systems strengthening, improving reproductive health, eradicating target diseases and responding to health security threats such as climate change.
· Funding to enhance innovation capacities and environments in LMICs, to enable countries to take up their own results from both technological and social research and develop their own solutions to priority health problems. The focus of attention for this funding would be the strengthening of the national innovation system – a combination of measures that could include promoting (i) the establishment of a National Innovation Fund to support technology transfer and the exploitation of local research; (ii) the review and reform of legal and financial regulations to optimise the environment for innovation.

In addition, part of the fund should be allocated to the operation of a global observatory to ensure that disease monitoring and resource tracking could be regularly and accurately carried out, to provide both the inputs to the priority setting processes and the means of monitoring progress.

Resources: Further, detailed work would be needed to establish the optimum size of such a fund. The Commission on Macroeconomics and Health (CMH 2001) suggested a fund of at least US$ 3.0 billion per year, but this covered only some elements of the first two areas above (in particular, excluding NCDs) and did not consider the question of supporting innovation systems development in LMICs. The recent costing of the Global Strategy and Plan of Action on Public Health, Innovation and Intellectual Property (GSPoA 2009), estimated that implementing the Plan would require US$ 147 billion over the seven years between 2009 and 2015, or roughly US$ 21 billion per year on average, of which up to three quarters may need to be new money. These two sources suggest a bracket of between about US$ 3.0 billion and US$ 15.0 billion per year for the required size of the GHRIF.
Fund organization: In principle, a GHRIF could operate in two different ways:

· It could behave in a purely ‘demand-driven’ mode, responding to applications for support coming from independent groups tackling specific health problems of the poor; or from LMICs wishing to develop and use their capacities in areas like health systems research or innovation.  
· It could behave in an integrated manner, building on the systematic analysis of needs and strategic approaches to developing products, capacities and systems resulting from the coordination of priority setting and research collaboration set out in the first two elements of coordination discussed above. 
This study argues that the latter, integrated model has far greater appeal, since the donors would be assured that the funding allocations were made on the basis of the best evidence and the most rational priority-setting processes available; while the participants in the agenda setting and work allocation exercises would have the incentive of knowing that 
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Figure B2	Key Elements of the Global Health Research and Innovation System
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Figure B1	R&D pipeline for medicines to prevent and treat diseases
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� 	Countries include: Argentina, Bangladesh, Brazil, Burma, China, Colombia, Democratic Republic of the Congo, Egypt, Ethiopia, India, Indonesia, Iran, Mexico, Nigeria, Pakistan, Poland, Philippines, Russia, South Africa, Thailand, Turkey, Ukraine and Vietnam. 


� 	American Association for the Advancement of Science, based on OMB data for R&D for FY 2008, agency budget justifications, and information from agency budget offices:  �HYPERLINK "http://www.aaas.org/spp/rd/prel08rtb.htm"�http://www.aaas.org/spp/rd/prel08rtb.htm�, accessed 30 September 2009


� 	Or, when unavailable, from the Institute’s FY2009 budget requests.


� 	www.mhlw.go.jp/bunya/kenkyuujigyou/pdf/rf-budget.pdf, accessed on 14 October 2009


� 	The funding organizations participating in this study are a mixture of public (the government bodies involved include the Health Departments of the four regional governments and four research councils) and charitable organizations (British Heart Foundation [BHF], Cancer Research UK, CRUK and Wellcome Trust). 


� 	www.inserm.fr/qu-est-ce-que-l-inserm/missions-de-l-institut/budget-2009, accessed 7 October  2009


� 	http://infop1a2.inserm.fr/qu-est-ce-que-l-inserm/missions-de-l-institut/budget-2009/activite-scientifique-par-thematique-de-recherche-et-par-nature-de-depenses, accessed 8 October 2009


�  	Ibid.
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� 	www.bmbf.de/en/gesundheitsforschung.php, accessed 7 October  2009


� 	www.research-in�HYPERLINK "../../../../AppData/Local/Microsoft/Windows/Temporary Internet Files/Content.Outlook/D1JPJBD4/a"��_germany.de/coremedia/generator/dachportal/en/03__Research_20Landscape/02__Research_20Funding/Funding_20Organisations.html�, accessed  11 October 2009


� 	www.bmg.bund.de/EN/Ministerium/ministry__node.html?__nnn=true, accessed 8 October 2009


� 	The DFG organizes its research by projects within collaborative centers and research units. Under the subheading of medicine, for instance, the DBG includes 45 subject areas, under which there are numerous programmes, projects, and collaborative centers. Only in a few cases are budget lines provided for these fields and as such it was not possible to ascertain how much research funding goes to CDs and NCDs. 


� 	Pfizer, Novartis, GlaxoSmithKline, Sanofi-Aventis, Johnson & Johnson, Roche, Merck, AstraZeneca, Amgen, Eli Lilly. 


� 	Novartis and Johnson & Johnson disclose only a sample of their pipeline ; this comprises 50 out of 152 of projects in development for the former and a selected number of entities in later stages of development for the latter.


� 	In recent years it is unlikely that the trend in $ exchange rates bears much resemblance to trends in the price of carrying out R&D; we thus used purchasing power parity (PPP) rates against the US$ as they are adjusted for general internal price levels between countries and reflect the opportunity cost of committing funds to R&D. Figures are first converted from local currencies into constant 2008 values (Kumaranayake, 2000) and (www.imf.org/external/pubs/ft/weo/2009/01/ weodata/weoselgr.aspx) and then into international $ by applying PPP conversion rates (www.oecd.org/dataoecd/61/54/18598754.pdf).


� 	Figures for Germany reflect the comparatively low share of public funding we could track, and are therefore likely to be inaccurate.


� 	Adams et al. (2006) replicated the drug development cost estimates of DiMasi and colleagues (2003), using their published cost estimates along with information on success rates and durations from a publicly available data set.


� 	Love (2003) issued, on the widely read Web site of the Consumer Project on Technology (CPtech), evidence that AIDS/HIV drugs move through the development process fairly quickly. The size of clinical trials was relatively modest, and the trials themselves were both short and relatively inexpensive to administer, with few problems recruiting patients. FDA approval times were short, and most HIV products benefited from abbreviated procedures. 


� 	For instance, while capitalized cost per approved drug for anti-infective drugs was 25% below the overall drug average in DiMasi et al. (1995), it was 6% above average in DiMasi et al. (2004). Similarly, capitalized cost per approved drug for cardiovascular drugs was 5% above average in their former study (1995), but 1.3% below average in the latter one (2004).


� 	 “Other” includes diseases that do not belong to any of the CD or NCD-selected diseases (cfr. section A2).


� 	Our multilevel regression model,    yi   =   βCD, i CDi   +   βNCD, i NCDi   +   βoth, i Othi + εi   ,  fixes the intercept to zero (i.e. if one plugs in zero numbers of CD, NCD and “Other” projects, the R&D expenses will be zero). The random components of the  βi  account for the considerable heterogeneity of the average per-project expenses (table A7, right most column).


� 	A statistical annex is available for anyone requesting it (marta.feletto@globalforumhealth.org).


� 	R&D Spending by U.S. Biopharmaceutical Companies Reaches Record Levels in 2008 Despite Economic Challenges’ posted March 10, 2009 by FierceBiotech website.  Retrieved September 30, 2009 from www.fiercebiotech.com/press-releases/r-d-spending-u-s-biopharmaceutical-companies-reaches-record-levels-2008-despite-econo


� 	Innovation encompasses the entire process from the generation of new ideas to their transformation into useful things, to their implementation. Innovation may involve new products, services, methods, manufacturing processes, management structures or policies. Social innovation involves new ways to manage people, processes and information, while technological innovation involves material invention. Throughout the GHRIS, the two aspects of innovation are intertwined and often complementary – e.g. when technological products such as drugs are made available to poor populations in LMICs through innovative schemes like pooled purchasing, social marketing, community health action groups, etc.





� 	PAHO has also recently had a Research Policy approved. However, PAHO does not seek a regional coordinating role in health R&D.


� 	Progress in this BMGF initiative on PDP coordination will be presented in a session on the global governance of health R&D in Forum 2009, organized by the Global Forum for Health Research in Havana on 16-20 November 2009. www.globalforumhealth.org


� 	Austria, Belgium, Denmark, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden and the United Kingdom.
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