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Measuring inequalities in drug innovation in terms of unmet need  
Eliana Barrenho1 

Abstract 

 

Context: A great disparity on research and development (R&D) activity across diseases is 

commonly asserted in the literature, but to date there have been no attempts to quantify and 

evaluate these disparities. Without structured measures, there is lack of data to inform the 

debate on the efficiency and equity implications of resource allocation across different R&D 

areas. Current R&D choices determine future access to medicines, long-term health 

improvements and their distribution across the population, in both developed and developing 

countries. This paper proposes to fill this gap by presenting an empirical analysis of inequality in 

drug R&D activity.  

 

Data: A unique dataset was constructed by matching R&D activity with the medical need of 

populations. Data on R&D activity is collected from the global “IMS Health R&D Focus” database 

which enables us to count projects that failed, those that were successfully launched in the 

global market, and those that continue in development, for 493 different therapeutic 

indications.I used WHO Disability-adjusted-life-years (DALYs) 2004 data to inform estimates of 

disease burden that proxy need. The final dataset includes more than 65k observations for 

pharmaceutical projects categorized at disease level using WHO disease taxonomy, which 

follows International Classification of Diseases (ICD) coding system.  

 

Methods: Two alternative approaches are used to measure inequality in drug R&D activity 

across disease targets in a cross-sectional analysis of 2011. Concentration curves and 

concentration indices are estimated to illustrate and quantify the dispersion of R&D activity 

across diseases in terms of: (i) DALYs and (ii) constructed measures of disease market 

attractiveness by disease. A number of different proxies for R&D activity were constructed by 

specific disease: total of drug projects, active drug projects, clinical trials, and market launched 

drugs.  

 

Two measures of disease market attractiveness were constructed using measures of national 

ability-to-pay based on the distribution of DALYs across countries, by specific disease. Using 

health expenditure per capita from World Bank (PPP US$2005 constant) I estimate disease 

market attractiveness as: (1) health expenditure times DALY per country; (2) health expenditure 

of a country weighted by the proportion of DALYs of a disease in a country reality.  

 

Findings: Overall, disparities are found at two levels: (1) across diseases, and (2) throughout 

development phases. The results indicate a concentration of drug R&D activity towards needy 

diseases and more commercially attractive disease markets. However, when considering more 

intensified R&D activity (clinical trials) there is evidence of a shift of concentration towards “less-

needy” diseases. Concentration curves cross the equality line meaning we might have different 

conclusions according to the part of the distribution we are analyzing.  

 

Conclusion: These results provide evidence of profound disparities of drug R&D activity in terms 

of unmet health need across diseases, and mask numerous effects related to peculiarities of 
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disease pathways, market incentives, in-house conditions and firms’ behavior. The policy debate 

may benefit from these results by questioning the efficacy and cost-effectiveness of R&D 

funding initiatives by private, public and philanthropic organisations, across diseases. 

A replication of this analysis across time could explore trends in R&D activity across diseases. 

This may help us conjecture trade-offs on R&D decisions in terms of potential benefits to 

population health. 

  



Work in progress: Please do not quote without the authors’ permission 

 

4 
 

 

Contents 

1 Introduction ................................................................................................................. 5 

2 Methods for measurement of inequalities ................................................................. 7 

2.1 The concentration curve ....................................................................................... 7 

2.2 The family of rank-dependent concentration indices .......................................... 8 

2.3 Application to a new dimension of analysis: drug innovation activity ................. 9 

3 Data and measures .................................................................................................... 11 

3.1 Drug R&D activity ................................................................................................ 12 

3.2 Population health need ....................................................................................... 12 

3.3 Disease as unit of analysis .................................................................................. 14 

3.4 Disease market attractiveness ............................................................................ 15 

4 Descriptive statistics .................................................................................................. 17 

4.1 Putting together drug R&D activity and disease burden .................................... 21 

5 Results........................................................................................................................ 23 

5.1 R&D activity inequalities in terms of disease market attractiveness ................. 24 

6 Discussion and conclusions ....................................................................................... 25 

 

  



Work in progress: Please do not quote without the authors’ permission 

 

5 
 

1 Introduction 

 

Despite the colossal increase in R&D spending in recent decades, data for the pharmaceutical 

industry suggests the presence of a productivity crisis (Thompson Reuters 2009), in spite of  

gigantic increases in sales volume (Thompson Reuters 2009). For instance, the number of 

approvals of new molecules developed in early stages has decreased by 43% in the last two 

decades (Bouvier 2007; (PhRMA) 2010; Paul, Mytelka et al. 2010; Strauss 2010; PWC 2011). 

Simultaneously, costs of development are estimated to have increased by 30% given the uprise 

in development times (Thompson Reuters 2009) and higher attrition rates amongst R&D phases 

(Dimasi 2002; Paul, Mytelka et al. 2010). Furthermore, there are challenges regarding the 

novelty of drugs. Most new drugs are variants of formulations or combinations of existing 

therapies (“follow-on drugs”) and few out of the 25 new medicines discovered per year are in 

effect novel in modulating targets and disease pathways (Ernst&Young 2010; Paul, Mytelka et al. 

2010).  

 

This context strongly impacts on companies’ decisions about which therapies to target. Since 

2000, pharmaceutical R&D investment has been focused mainly in five areas: (i) cancer, which 

absorbs more than half of the total industry’s R&D spending (53.2%), followed by (ii) 

antibacterials and antimycotics (18.4%), (iii) treatments targeting the central nervous system 

(15.5%), (iv) therapies targeting metabolism conditions (8.8%) and, finally, (v)those to treat 

cardiovascular diseases (6.2%) (Riccaboni 2011). These coincide with some of the most prevalent 

health needs of Europe and North America where the main leading causes of disease burden 

are: ischaemic heart disease, cerebrovascular diseases, and unipolar depressive disorders (WHO 

2008). On the contrary, 90% of world’s population suffer from other types of conditions. HIV, 

lower respiratory infections, and diarrhoeal diseases constitute the main causes of disease 

burden in Africa and South-East Asia (WHO 2008). There is a clear mismatch between the 

disease areas that have received more R&D investment and health needs across the globe.  

 

Pharmaceutical companies are profit-oriented firms and, consequently, R&D portfolios are 

determined by several competing determinants, just one of which is unmet health need. 

However, from the policy perspective it is relevant to question: to what extent have these R&D 

investments been translated into health improvements? Are the R&D decisions value-for-money 

or with the same money invested could we achieve more in terms of health improvements? 

What are the health benefits they may bring to the population? Have the huge R&D investments 

from public-private initiatives, such as the Melinda and Bill Gates Foundation, Global Alliance for 

TB Drug Development, and International AIDS Vaccine Initiative, impacted on population health 

outcomes? To answerthese questions, it is critical to understand firms’ incentives and what 

determines drug R&D. A first step towards this is to quantify the mismatch between unmet need 

and pharmaceutical R&D decisions, from an equality and distributional perspective. 

 

Literature that has done this is scarce. There is consolidated knowledge which can be 

aggregated into two strands: the first explores the determinants of pharmaceutical R&D 

investment, and the second integrates distributional aspects to the biomedical innovation 

literature. The literature on pharmaceutical R&D investment determinants explores extensively 

three levels of determinants. The first considers aggregate level determinants, such as 



Work in progress: Please do not quote without the authors’ permission 

 

6 
 

epidemiological and income distributions (Acemoglu and Linn 2004; Lichtenberg 2005; 

Bhattacharya and Packalen 2011). The second examines the impacts of intensity of industrial 

competition (Alexander, Flynn et al. 1995; Arundel and Kabla 1998; Grabowski and Vernon 2000; 

Danzon, Nicholson et al. 2005; Giaccotto, Santerre et al. 2005; Mahlich and Roediger-Schluga 

2006; Aharonson, Baum et al. 2007); and technology on drug innovation (Henderson and 

Cockburn 1996; Boasson and MacPherson 2001; Danzon, Nicholson et al. 2005; Aharonson, 

Baum et al. 2007). Finally, the third evaluates the impact of firm specific characteristics, such as: 

project profit (Grabowski and Vernon 2000; Giaccotto, Santerre et al. 2005; Vernon 2005; 

Mahlich and Roediger-Schluga 2006; Vernon, Golec et al. 2009), size (Alexander, Flynn et al. 

1995; Kim, Lee et al. 2009), age (Kim, Lee et al. 2009), geography (Alexander, Flynn et al. 1995; 

Arundel and Kabla 1998; Hirai, Kinoshita et al. 2010) and technological characteristics, linked to 

economies of scale and scope (Henderson and Cockburn 1996; Boasson and MacPherson 2001; 

Danzon, Nicholson et al. 2005; Aharonson, Baum et al. 2007).  

 

The second strand of the literature explores the idea of unequal distribution of biomedical 

innovation activity but fails to present measures of relative dispersion in terms of health need 

(Cicciò 2004; Kremer and Glennerster 2004; Finkelstein and Temin 2008; Cohen, Dibner et al. 

2010; Fisk, McKee et al. 2011). This study is closely related to two studies in existing 

literature(Neumann, Rosen et al. 2005; Catala-Lopez, Garcia-Altes et al. 2011). Similar to these, 

we are interested in measuring the dispersion of innovation activity in terms of unmet health 

need. They compare disease burden with number of economic evaluations, in Spain and in the 

US. They find low and non-statistically significant correlations between the numbers of the most 

addressed conditions (cardiovascular diseases, infectious diseases, cancer and neuropsychiatric 

conditions) in economic evaluations and burden of disease. 

 

However, my analysis departs from these contributions in three significant ways. Firstly, I 

explore biomedical innovation  using worldwide data on industry level drug R&D activity by the 

private sector. This data is gathered by the international consultancy firm IMS Health. Secondly, 

I use tools from the inequalities literature that have been mostly used to measure 

socioeconomic inequalities in the health context (LeGrand 1978; Wagstaff, Doorslaer et al. 1989; 

Wagstaff, Paci et al. 1991; O'Donnell, Van Doorsslaer et al. 2008). Lastly, I evaluate the 

dispersion of drug R&D activity in terms of disease market attractiveness. Based on existing 

literature, I expect diseases regarded as more commercially attractive for the pharmaceutical 

industry to be subject to more R&D activity(Acemoglu and Linn 2004; Lichtenberg 2005; Civan 

and Maloney 2006; Bhattacharya and Packalen 2011). I intend to help inform the public debate 

on  better value-for-money R&D spending, by taking into account the potential population 

health improvements. 

 

The remainder of the paper is organized in six sections. The next section describes the methods 

used for the empirical analysis. The third section describes the data and the main variables used 

in the empirical analysis. The fourth section presents main descriptive statistics. The fifth section 

examines the results of concentration curves and concentration indices. The last section 

concludes with a discussion and interpretation of the results.   
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2 Methods for measurement of inequalities 

Two tools are commonly referred to as the “workhorse in health economics”: concentration 

curves and concentration indices (Fleurbaey and Schokkaert 2009). In the next three sections I 

discuss the essentials and application of these tools to the drug innovation context. Section 2.1 

presents the concentration curve, statistical significance testing and its potential limitations. 

Section 2.2 outlines the family of concentration indices discussed in the literature. Section 2.3 

defines the application of both methodologies to drug innovation activity. I do not intend to 

construct an extensive exposition of these methodologies in this paper. For a comprehensive 

discussion and guideline see Erreygers and Van Ourti (2011).  

 

2.1 The concentration curve  

The major advantage of the concentration curve is the intuitive representation of the relative 

inequality between relative frequencies of two variables. Typically, the concentration curve is 

formed by plotting the cumulative share of the population ranked by income, against the 

cumulative share of some health variable. Useful information is provided with this graphical 

representation. First, a representation of an equality line at 45-degrees highlights the idea of 

inequalities “in favor” of the worse (or better-off) if the curve lies everywhere above (under) the 

equality line. Second, simultaneous analysis can be pursued by plotting more than one curve in 

the same plane, which is appropriate for cross-country and time-series comparisons. Third, we 

are able to infer statistical significance in the differences between curves and with the equality 

line2. This feature is due to the relaxation of the restriction of increasing monoticity, contrary to 

the Lorenz curve representation (Van Doorslaer and Van Ourti 2011). 

 

However, graphical representation may be inconclusive. Curves may cross the equality line 

several times (Lambert 2001). This may also be true for simultaneous curves plotted against 

each other (for other countries/time periods/health variables). Given that, we need robust 

decision rules to infer statistical dominance (O'Donnell, Van Doorsslaer et al. 2008).  

 

Dominance testing rules3 

I will use two decision rules that have been theoretically presented and empirically used to infer  

statistically significant differences  between concentration curves. One decision rule is named 

the multiple comparison approach (mca). It considers a curve is dominant if all the points are 

statistically significantly different in one direction and with no statistically significant difference 

in the other. The second decision rule requires statistically significant difference between 

ordinates at all quantile points in order to assign dominance. This is consistent with the 

intersection union principle and reduces the probability of erroneously rejecting non-dominance 

at the cost of reducing the power of detecting dominance when true (O'Donnell, Van Doorsslaer 

et al. 2008)3. 

                                                      
2 Owen O’Donnell developed a dominance test that can be freely accessed through World Bank website: 

http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTHEALTHNUTRITIONANDPOPULATION/EXTPAH/0,,contentMDK:20216933~
menuPK:400482~pagePK:148956~piPK:216618~theSitePK:400476,00.html  
3 Testing dominance when curves are dependent requires standard errors between ordinates allowing for dependence. A variance-

covariance matrix between curves has been derived to allow for dependence between curves Bishop, J. A., K. V. Chow, et al. (1994). 
"Testing for marginal changes in income distributions with Lorenz and concentration curves." International Economic Review: 479-

http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTHEALTHNUTRITIONANDPOPULATION/EXTPAH/0,,contentMDK:20216933~menuPK:400482~pagePK:148956~piPK:216618~theSitePK:400476,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTHEALTHNUTRITIONANDPOPULATION/EXTPAH/0,,contentMDK:20216933~menuPK:400482~pagePK:148956~piPK:216618~theSitePK:400476,00.html
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2.2 The family of rank-dependent concentration indices 

Concentration curves do not give a measure of the magnitude of inequality. Moreover, when 

they cross the equality line the analysis is inconclusive regarding the level and existence of 

inequalities. Therefore, a family of concentration indices has been developed to measure 

inequality where concentration curves’ analysis is inconclusive. 

 

The most popular health inequality concentration index,      , equals twice the area between 

the concentration curve and the diagonal, and reflects offsetting inequalities in different parts of 

the distribution (Wagstaff, Paci et al. 1991): 

 

     
 

    
     
 
    (1) 

 

The health variable    is usually weighted by a ranking variable    ,usually income.      
 
    

denotes the rank-dependent character which is the weighted sum at all levels of    .    depends 

on    through the expression       
   

 
. This ranges from -1 to 1, with the sign of the ranking 

   separating the better-off from the worse off in terms of income: positive values (those 

observations with ranks    smaller than      ) indicate inequalities in favor of high-income 

groups (Kakwani, Wagstaff et al. 1997).    and   , respectively, denote the population and 

population mean of the health variable.  

 

However,      has limitations that impose restrictions on the properties of the underlying 

variables. Properties such as level independence, cardinal invariance and mirror have important 

implications for the concentration index and make      realistically meaningless in many cases. 

First,      can only give a measure of relative inequality if variables are measured on a ratio 

scale, as the index must remain unchanged regardless of possible transformations of the 

variables (Van Doorslaer and Van Ourti 2011). Second, when health variables are bounded 

(many cases are left bounded) this can complicate the comparison of populations with different 

mean values and affect the bounds of the concentration index. Consequently, the concentration 

index must reflect variables’ lower and upper limits, which is clearly not the case  with      

(Clarke, Gerdtham et al. 2002; Erreygers 2009; Van Doorslaer and Van Ourti 2011). Finally, the 

degree of inequality of a variable is expected to mirror the same inequality of its opposite sign 

(health/ill health variable). The condition of “mirror images” only occurs if health and ill health 

have the same mean. This condition is only satisfied by unbounded variables (Van Doorslaer and 

Van Ourti 2011). 

 

Wagstaff’s normalization index      incorporates upper    and lower    bounds of the health 

variable in the index calculation to remedy the issues with the bounds’ and measurement scale 

of the health variables (Wagstaff 2005) : 

 

     
        

                
     
 
    (2) 

                                                                                                                                                              
488, Davidson, R. and J. Y. Duclos (1997). "Statistical Inference for the Measurement of the Incidence of Taxes and Transfers." 
Econometrica 65(6): 1453-1465.. 
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where    denotes the population mean for    variable. A slightly modified version of the 

standard concentration index       is presented in Erreygers (2011)which allows the 

consideration of cardinal lower bounded variables.       can be expressed by: 

 

      
 

         
     
 
    (3) 

 

Furthermore, Erreygers (2009) has developed an index      satisfying all measurement 

properties, allowing for application to the symmetric variable         to satisfy the mirror 

property4: 

 

     
 

         
     
 
           (4) 

 

The general form of the indices of this family may be denoted by:  

 

               
 
       with                    (5) 

 

2.3 Application to a new dimension of analysis: drug innovation activity 

I develop a framework of analysis that looks at the share of drug R&D activity    that 

corresponds to the cumulative proportions of medical need   , by disease  . Diseases   are 

ranked according to need from the less needy to the neediest. The concentration curve        

(Figure 1) represents the cumulative proportion of R&D activity directed to disease  , and    

captures the cumulative distribution of medical need, that ranks diseases accordingly.  

 

The unit of analysis is the disease area, meaning that    and    are measured and grouped at 

disease level. This allows me to make inferences about the distribution of   across diseases and 

clusters of diseases, and, more importantly, to infer how the concentration of such R&D activity 

compares to medical need. 

 

 

                                                      
4 Mirror, bounds and measurement scale are discussed extensively in Van Doorslaer et al Van Doorslaer, E. and T. Van Ourti (2011). 

Measurement of inequality and inequity in health and health care. Oxford Handbook of Health Economics. P. Smith and S. Glied. 
Oxford, Oxford University Press. 
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Figure 1:        

Hypothetical curves such as the ones represented in Figure 1 illustrate the concentration of 

drug R&D activity amongst diseases presenting lower levels of need (curve A) and among needy 

diseases (curve B). Potentially the analysis also identifies groups of diseases receiving more R&D 

activity. We may extend the analysis to several snapshots across time and plot several years 

against each other. This would allow us to infer trends in R&D inequalities across diseases over 

time.  

 

In this application: 

 

               
 
       with                    (6) 

 

where       correspond to lower and upper bounds of drug R&D activity variable,   and    

denote respectively the population and population mean of R&D activity   . Moreover,      
 
    

denotes the rank-dependent weighted sum of all    levels.    is weighted by    which ranks 

observations according to the need variable,   . As explained in section 2.2, the sign of the 

ranking variable,    ,  separates the most needy from the less needy R&D strategies: positive 

values (those observations with ranks    smaller than      ) indicate inequalities in favor of 

needy disease groups. 

 

By construction, and as discussed in section 3, R&D activity variables are left-bounded and fixed-

scaled (is this a common term?? “with a fixed scale”), meaning that the measurement scale is 

unique with the zero point corresponding to a situation of complete absence (we are assuming 

non-negative R&D activity). Additionally, our proxy for need is based upon life expectancy and, 

consequently, preserves the characteristics of left-bounded (non-negative years of life) and 

ratio-scaled, so ratios between observations have meaning and the zero point represents 

absence. Consequently, and given the nature of the variables, the modified concentration index 

    and Erreygers’ index   are the appropriate indices suggested by the literature (Erreygers and 

Van Ourti 2011). Given this, we devote particular attention to the results of    and  : 

 

      
 

         
     
 
    (7) 

 

     
 

         
     
 
           (8) 
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3 Data and measures 

I matched two data sources: IMS Health R&D Focus that gives information on pharmaceutical 

R&D activity, and WHO Disability-adjusted Life Years lost (DALYs) data that includes estimates 

for the worldwide burden of disease.  

 

IMS Health R&D Focus database is updated weekly and typically used by pharmaceutical 

companies to monitor the R&D activities of competitors. It provides a history of all projects 

known to be in development from the early-1990s through to the present, compiling 

information from patent and regulatory filings, presentations at medical conferences, press 

releases, and information disclosed to financial analysts (IMS Health 2011).  

 

This global dataset allows the evaluation of drug projects across R&D development phases. The 

drug R&D process consists of mainly five phases: early discovery, phase I, phase II, phase III,and 

market/registration. Early discovery comprises the identification of lead compounds, and the 

preclinical phase of in vitro as well as in vivo studies. In phase I, small-scale early human studies 

are carried out to evaluate drug safety, pharmacokinetics and dosage. If successful, the drug 

candidate enters into phase II, where small-scale studies are conducted on patients with the 

relevant disease to evaluate safety, efficacy, and monitor side effects. Phase III consists of large-

scale efficacy studies, often blinded and placebo-controlled, and used to compile data for 

submission to regulatory bodies. If successful, the drug candidate follows an approval process by 

the regulatory body to reach the market.  

 

I have data on 32,644 drug projects at the date of extraction (October 2011). Projects consist of 

the development of small molecules, monoclonal antibodies, proteins, gene therapies, vaccines 

and immunotherapies, as well as fixed combination products, biosimilars, in vivo imaging agents, 

and specialized delivery systems (IMS Health 2011). For simplicity, throughout this paper the 

term “drug projects” will refer to all these types of projects. IMS categorizes projects into two 

statuses: active and inactive. A drug project is active (inactive) if companies have (not) reported 

progress in project activity within the last three years. The dataset therefore includes projects 

that failed, those that were restarted, and those that are ongoing. Most of our records (69.8%) 

refer to projects that are currently5 inactive (and include those drugs that were launched in the 

market). For 24.6% of inactive projects there is detailed information on the reason for 

abandonment of the project. There are mainly three reasons: (i) suspension – referring to 

preclinical or clinical development on hold; (ii) discontinuation – denoting drug development has 

ceased; (iii) withdrawal – meaning a removal from the market or voluntary withdrawal of drug 

approval.  

 

Each project might have one or more recommended therapeutic indications. When considering 

all the therapeutic indications by drug project the dataset enlarges to 65,845 records.  

 

I used WHO DALYs data to inform estimates of burden of disease that proxy population medical 

need. This data is available for only 2004 at country, age and gender levels. WHO uses the 

                                                      
5 At the date of extraction, October 2011 
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International Classification of Diseases (ICD) coding system to produce estimates of burden of 

disease for a list of 178 different categories of diseases (Appendix A)6.  

 

I matched both datasets by corresponding therapeutic indications to the ICD disease categories. 

The IMS R&D Focus dataset includes 493 distinctive therapeutic indications. They were matched 

to ICD disease categories using the ICD-10 code system7 and online medical dictionaries. The 

final dataset includes a total of 59,301 records after matching therapeutic indications and likely 

ICD-10 codes (dropping 6,544 (0.099%) records with missing therapeutic indication).  

 

3.1 Drug R&D activity 

Ideally, our measure of drug R&D activity would be research expenditures by disease, R&D 

phase and year. Unfortunately, publicly traded firms do not report R&D spending by disease. 

Also, many pharmaceutical firms are not publicly traded and do not disclose any financial 

information about their R&D spending. Despite these limitations, we constructed four measures 

of drug R&D activity for each specific disease, by counting: (i) the total number of projects; (ii) 

the number of those projects that are active; and (iii) the number of active clinical trials. We 

believe the number of ongoing clinical trials is a good proxy for the R&D activity in a disease 

category as they constitute the majority of R&D expenditures in the industry (see an example in 

Kyle and McGahan 2009). I also constructed a variable for launch success by counting the 

number of drugs launched/registered in the market (see examples in Acemoglu and Linn 2004; 

Lichtenberg 2005).  

 

When constructing the measures of R&D activity I consider disease category as the unit of 

analysis. I take into account all therapeutic indications listed for each drug project in estimating 

R&D activity. This means all drugs, molecules, tissues, proteins, gene therapies, or vaccines 

targeting certain disease are counted each time they target a different disease. I believe this 

reflects more accurately the R&D effort devoted to each specific condition. The drug regulatory 

process reinforces this idea: pharmaceutical companies have to request for assessment of a 

drug/molecule for each suggested therapeutic indication that the drug/molecule may target8. 

No drug project has more than 17 different distinctive indications, most have a unique 

therapeutic target (56.4%). Very few projects have eight or more distinct therapeutic indications 

(3% of the sample).  

 

3.2 Population health need 

There are several ways advanced by the literature to measure need. However, the definition of 

health need imposes challenges, as exhaustively discussed in the literature (Culyer and Wagstaff 

1993; Wagstaff and Van Doorslaer 2000; Williams and Cookson 2000).Three definitions of health 

need have received most attention in the literature (Culyer and Wagstaff 1993). The first links 

                                                      
6 The ICD is the international standard classification of medical conditions for all general epidemiological, health management and 

clinical purposes. This coding system provides the basis for the compilation of national mortality and morbidity statistics by WHO 
member states. 
7 Version 2010 available in http://apps.who.int/classifications/icd10/browse/2010/en 
8

http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/Therapeuti

cBiologicApplications/default.htm 

http://apps.who.int/classifications/icd10/browse/2010/en
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/TherapeuticBiologicApplications/default.htm
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/TherapeuticBiologicApplications/default.htm
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need to ill-health and the degree of need with the severity of illness. The second definition 

equates need with effectiveness, relating to the capacity to benefit from treatment. Finally, a 

third definition proposes a measure of need as the expenditure required to achieve the 

maximum possible health improvement. However,, need Intrinsically depends on an assessment  

of what would improve someone’s health, and this ultimately rests on value judgments 

(Gravelle, Morris et al. 2006). 

 

Ideally, I would have measures of population health needs evaluated through health losses 

attributable to fatal and non-fatal diseases, injuries and associated risks (Murray and Lopez 

1996; World Health Organization 2011). Preferably, this measure would aggregate clinical and 

patient-reported health in several domains thus accounting for all forms of disability (physical, 

psychological, mobility, functioning, and wellbeing). A number of different standardized self-

assessment measurement instruments have been developed to measure disability (Quality of 

Well-Being Scale, McMaster Health Index, EuroQoL EQ-5D, WHO DAS-II). However, these are 

criticized for several reasons, including being incomplete on the health dimensions 

contemplated, redundancy, prone to societal bias, and presenting huge practical constraints in 

data collection, which undermine cross-population comparability (Salomon, Mathers et al. 

2003). 

 

Due to such restrictions, we use DALYs as a proxy measure of disease burden. This is readily 

available for all WHO member states for 178 diseases for 2004. DALYs are a time-based measure 

that combine years of life lost (YLL) due to premature death and years of life lost due to time 

lived in states of poor health or disability (YLD). One DALY can be interpreted as one lost year of 

“healthy” life, and the burden of disease can be thought of as a measure of the gap between 

current health status and perfect health. YLL are calculated using the number of deaths at each 

age multiplied by a global standard life expectancy for each age. YLD for a particular cause in a 

particular time period are estimated as the number of incident cases in that period multiplied by 

the product of the average duration of the disease and a weight factor9.  

 

Nonetheless,  DALYs  have some limitations due to the parameters used in their calculation, such 

as discounting, age weighting, and the social preferences assumed to estimate disability weights 

(Mathers, Lopez et al. 2006). Furthermore, DALYs are based on national governmental reported 

data, and the coverage of the dataset is not comprehensive: some countries such as Malawi, 

Afghanistan, Zimbabwe and Madagascar, do not report any information and Chinese numbers 

are incomplete. Moreover, death registration is poor in some countries, with inaccurate 

definitions of the cause of death creating problems in harmonizing death coding for cross-

country studies. Despite these limitations, I decided to use DALYs as a measure of health 

outcomes instead of deaths averted or life years gained (Murray and Acharya 1997) because 

                                                      
9 The weight factor reflects the severity of the disease on a scale from 0 (perfect health) to 1 (death) (weights used for the Global 

Burden Disease (GBD) study 2004 are listed in Annex Table 3.A6 of Mathers et al Mathers, C. D., A. D. Lopez, et al. (2006). "The 
burden of disease and mortality by condition: data, methods, and results for 2001." Global burden of disease and risk factors 1: 45-
93.).  
The GBD 2004 study used the following formula: 
W = 0.1658 Y e-0.04 Y where Y is the age in that year and W is the value assigned to it relative to an average value of 1. Future years 
were  discounted at a 3% rate, so that a weighted year of life saved next year is worth 97% of a year of life saved this year..ALREADY 
SAID ABOVE 
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measures such as mortality rates are incomplete, and do not provide such a multidimensional 

evaluation of health status.  

 

3.3 Disease as unit of analysis 

DALYs are classified into different diseases and injuries, and causes of death are grouped in 

three broad causes : 

- Group I:  Communicable, maternal, perinatal and nutritional conditions; 

- Group II:  Noncommunicable diseases; and 

- Group III:  Injuries 

 

Groups I and II are composed, respectively, of five and 14 distinct disease groups, as shown in 

Table 1. Group III relates to “external causes” for car accidents, falls, injuries, war, conflicts and 

intentional self-harm conditions. These are not typically addressed by pharmaceutical R&D 

activity and were excluded from our analysis.  

 

Group I:  Communicable, maternal, 
perinatal and nutritional conditions 

Group II:  Noncommunicable diseases 

 Infectious and parasitic diseases 

 Respiratory infections 

 Maternal conditions 

 Perinatal conditions 

 Nutritional deficiencies 

 Malignant neoplasms 

 Other neoplasms 

 Diabetes mellitus 

 Endocrine disorders 

 Neuropsychiatric conditions 

 Sense organ diseases 

 Cardiovascular diseases 

 Respiratory diseases 

 Digestive diseases 

 Genitourinary diseases 

 Skin diseases 

 Musculoskeletal diseases 

 Congenital anomalies 

 Oral conditions 
Table 1: Disease groups for group I and group II (adapted fromWHO 2008, 122-25) 

In each disease group there are several diseases and they sum up to 94 diseases (for example, 

Alzheimer and other dementias in neuropsychiatric conditions). For some of these diseases 

there are also sub-diseases (19 in total; for example, schistosomiasis in tropical-cluster diseases) 

(Figure 2). Our constructed measures of R&D activity reflect this hierarchical categorization of 

disease. 
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Figure 2: Hierarchical categorization of disease unit of analysis 

 

3.4 Disease market attractiveness 

The existing literature confirms theoretical predictions of the market size as a significant 

determinant of R&D direction (Acemoglu and Linn 2004; Lichtenberg 2005; Civan and Maloney 

2006; Bhattacharya and Packalen 2011). This effect is statistically significantly dependent on the 

income distribution of the countries (Acemoglu and Linn 2004; Lichtenberg 2005; Civan and 

Maloney 2006; Bhattacharya and Packalen 2011). I decided to go one step further than the 

existing literature and evaluate the dispersion of drug R&D activity in terms of disease market 

attractiveness. Following the same line of thought, I rank diseases from the least commercially 

attractive to the most commercially attractive, and apply identically the same inequalities’ 

measurement tools.  

 

Constructing  a measure of market attractiveness 

Combining DALYs and some measure of income gives us a proxy of the market attractiveness of 

each disease group to the pharmaceutical industry. WHO DALYs data comprises estimates of 

each disease by country, allowing us to assign a proxy of national ability-to-pay to each disease. 

World Bank statistics provide a series of national health expenditure indicators. I consider health 

expenditure per capita as a proxy for individual ability-to-pay, where health expenditure includes 

private and public expenditure, measured in purchasing power parity terms at 2005 constant 

US$ (I used the year closest to 2004, for which we have burden of disease data). I multiplied this 

by population’s numbers taken from WHO DALYs data (2004) to construct a measure of national 

ability-to-pay per disease. With this, we are able to construct a measure of disease market 

attractiveness    by aggregating national abilities-to-pay as in (10): 

 

                                        (10) 

 

where         and                     denote DALYs and Health Expenditure for country i 

and disease j. This measure allows all resources devoted to health of a country (measured in 

terms of health expenditure) to be diverted to a single disease. This is unrealistic as resources 

are scarce and are allocated according to individual preferences and policy decisions on national 

health programmes’ priorities. However, I do not have information on the distribution of 
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resources across diseases. I assume resources could be distributed according to the relevance of 

each disease in the total burden of disease. I therefore construct a second disease market 

attractiveness measure    expressed by: 

 

     
       

        
                              (11) 

 

that is adjusted to the proportion of DALYs of disease j on the total DALYs of country I,  
       

        
.  
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4 Descriptive statistics 

 

Dispersion across R&D phases 

There are great disparities in the distribution of projects across the development phases. 

Looking at the latest recorded R&D phase, most projects relate to early stage discoveries that 

fail to progress to other R&D stages (74% of the projects are inactive). The proportion of active 

projects increases across the later stages of development: 53% in phase I, 62% in phase II, and 

76% in clinical trials. Moreover, the proportion of drug candidates launched in the market is 

8.2%, mostly launched in the last three years (59.3%) (of those that correspond to active status) 

(Graph 1). 

 

 
Graph 1: Distribution of R&D activity across drug development phases  

Disparities across disease groups 

Drug R&D activity is also markedly dispersed across diseases. On the one hand, there are 21 

diseases that have not any pharmaceutical R&D activity directed to them since the nineties. 

Several of these cases refer to communicable diseases in the group of infectious and parasitic 

diseases, and conditions arising during the perinatal period. Among the group of infectious 

diseases most relate to tropical infectious conditions, also designated by neglected tropical 

diseases, namely schistosomiasis, leishmaniasis, ascariasis, trichuriasis and trachoma. Regarding 

the non-communicable diseases, there is an absence of R&D investment in conditions related to 

sense organ diseases, cardiovascular diseases, digestive diseases and musculoskeletal diseases 

(full list below in Figure 3). 
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Figure 3: Diseases with no R&D activity 

On the other hand, there is a massive concentration of R&D activity on non-communicable 

diseases, and specifically on cancer (malignant neoplasms), neuropsychiatric conditions and 

cardiovascular diseases which affect most the richest countries. Cancer receives almost three 

times the R&D activity devoted to infectious diseases (Graph 2). Conversely, the number of 

projects devoted to nutritional deficiencies, maternal conditions, oral conditions and congenital 

anomalies is relatively negligible (report to Graph 2 and Graph 3). 

 

Disease groups such as infectious diseases, diabetes, sense organ diseases or endocrine diseases 

receive proportionally more activity in the early stages of discovery. Cancer and other 

neoplasms, neuropsychiatric disorders and cardiovascular diseases concentrate more activity in 

later stages (phase II and clinical trials). Infectious diseases and cardiovascular diseases have 

approximately equivalent numbers of projects reaching clinical trials. Finally, cancer and 

cardiovascular diseases show more drugs going to pre-registration and registration market 

phase (report to Graph 2 and Graph 3). 

 

COMMUNICABLE CONDITIONS 

infectious and parasitic diseases Syphilis Onchocerciasis

Diphteria Trachoma

Tetanus Ascariasis

Schistosomiasis Trichuriasis

Leishmaniasis Hookworm

conditions arising during the perinatal period Prematurity and low birth

Protein-energy malnutrition

Vitamin A deficiency

Other nutritional disorders

NON-COMMUNICABLE DISEASES

sense organ diseases Refractive errors

cardiovascular diseases Rheumatic heart diseases

Inflammatory heart diseases

Digestive diseases Appendicitis

Dental caries

Edentulism

Musculoskeletal diseases Gout

Diseases with zero R&D activity
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Graph 2: Distribution of R&D activity by drug development phase, across communicable conditions (WHO) 

 
Graph 3: Distribution of R&D activity by drug development phase, across noncommunicable diseases (WHO) 
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Dispersion on inactivity levels across disease groups 

Equivalent discrepancies are also found across diseases when looking at the attrition levels 

(Graph 4 and Graph 5). -communicable disease groups that receive more drug R&D activity, 

namely cancer, also have higher attrition levels. Moreover, projects seem to become inactive in 

very early stages of development. Attrition levels are relatively greater in infectious and parasitic 

diseases, and neuropsychiatric conditions. Discontinuation (complete cease of the project) is 

particularly high in endocrine disorders, conditions arising during pregnancy and digestive 

diseases 

 

 
Graph 4: Drug R&D inactivity levels across drug development phases across communicable conditions (WHO) 
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Graph 5: Drug R&D inactivity levels across drug development phases across noncommunicable conditions (WHO) 

 

4.1 Putting together drug R&D activity and disease burden 

A crude comparison between the distribution of active drug R&D projects and burden by disease 

groups is illustrated in Graph 6. Diseases with the biggest proportion of burden, namely 

infectious and parasitic diseases and neuropsychiatric disorders, receive a relatively small share 

of active R&D projects. Moreover, relatively lower burden malignant neoplasms receive the 

biggest proportion of R&D activity. Cancer receives the most activity in all R&D phases. 
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Graph 6: Drug R&D activity and disease burden 

The data seems to show a weak correlation between disease burden and drug R&D activity. 

Maternal conditions, nutritional deficiencies and musculoskeletal diseases present equivalent 

disease burden but show disproportionate R&D activity. 
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5 Results 

The analysis takes two dimensions into account: across disease groups and within disease 

groups. I plot concentration curves that illustrate the cumulative percentage of drug R&D 

activity (y-axis) against the cumulative percentage of disease burden (x-axis). Diseases are 

ranked by DALYs, from the “less needy” to the “more needy” diseases. Concentration indices are 

calculated accordingly, with special attention paid to the modified concentration index     and 

Erreygers’ index  . Drug activity measures are respectively: total (active and inactive) projects, 

active projects clinical trials and marketed drugs (results reported in annexes A and B). 

 

Across disease groups 

Graphs 7-10 illustrate concentration curves for the 19 disease groups. They support, grosso 

modo, the concentration of R&D activity towards more needy diseases. This is particularly 

illustrated in the cases of total projects and drugs, where concentration curves lie under the 

equality line. Dominance testing rules support statistically significant differences between the 

curves (Table 3), as well as between the positive concentration indices     and   (Table 2).  

 

Strikingly, curves cross the equality line in two other cases: active projects (Graph 8) and clinical 

trials (Graph 9). This means we might reach different conclusions according to the part of the 

distribution we are analyzing. At some point, R&D activity turns to be more concentrated 

towards “less needy” diseases. This is particularly noticeable in the case of clinical trials, where 

the curve crosses the equality line more pronouncedly (Graph 9). This may reflect scientific 

priorities being overtaken by profitability targets during the more intensive investment phases 

of R&D. 

 

Within-disease groups 

Conclusions are similar when looking at the within-disease group level (Graphs 11-14). Likewise, 

there is a clear R&D activity concentration in “more needy” diseases, for the total activity (graph 

11) and marketed drugs (graph 14). This is confirmed by the dominance testing using the mca 

decision rule (Table 4). Similarly, conclusions are unclear when looking at the crossing curves of 

active projects (graph 8) and clinical trials (graph 9). Dominance testing does not support a 

statistically significant difference between the 45-degree line and any of these curves (Table 4). 

Concentration indices report positive results for C  and E  indicating that drug R&D activity is 

more concentrated among the more-needy diseases.  

 

These results do not entirely support the discrepancies revealed by the descriptive statistics. The 

mismatch between drug R&D activity and unmet health need is not supported conclusively in 

this analysis. However, there does seem to be an overall concentration of R&D activity towards 

more needy diseases, and data for the more R&D capital intensive phases, such as the phase III 

of clinical trials, start to project the mismatch that our descriptive statistics started to unveil. 
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5.1 R&D activity inequalities in terms of disease market attractiveness  

 

Across disease groups 

In general, the results (annex B) considering dispersion of drug R&D activity in terms of disease 

market attractiveness    are in line with the existing literature (Acemoglu and Linn 2004; 

Lichtenberg 2005; Civan and Maloney 2006; Bhattacharya and Packalen 2011). I find there is a 

bias of R&D activity towards more commercially attractive disease markets, with the 

concentration curves under the 45 degree line. Additionally, concentration indices are positive. 

However, there is a less clear result when considering phase III of clinical trials (graph 17). The 

existing literature also does not provide evidence for these differences. 

 

The results obtained are clearer for the adjusted disease market attractiveness   , measure and 

are aligned with the literature. These show a concentration of R&D activity among the more 

commercially attractive diseases (graphs 19-22).  

 

Within-disease groups 

Differences in the results are also more pronounced when looking at the within-disease group 

(graphs 23-30). All concentration curves lie under the equality line and dominance testing 

confirms statistical significance in the difference between the curves     and the equality line 

(Figure 5). Note that clinical trials are clearly concentrated in more commercially attractive 

disease markets. The concentration indices support this result (Figure 4). 

 

 
Figure 4: Concentration indices for m and mbar disease market attractiveness measures 

 

R&D activity measures

Disease group

m m mbar

total drug projects 1.01 1.00 1.00

active drug projects 1.02 1.00 1.00

clinical trials 1.00 1.00 1.00

marketed drugs 1.03 1.00 1.00

R&D activity measures

Disease group

m m mbar

total drug projects 0.89 0.49 0.49

active drug projects 0.62 0.32 0.32

clinical trials 0.49 0.30 0.30

marketed drugs 1.10 0.60 0.60

Within disease group

Within disease group

E(x) - Erreygers index

C ˄ (x) - Modified concentration index
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6 Discussion and conclusions 

This paper is the first to attempt to measure inequalities in global drug R&D activity in terms 

of population health needs. I have explored the distributional dimension of R&D activity 

across diseases by applying the measurement tools of concentration curves and indices 

explored in the vast literature in health inequalities. 

 

Disparities are found at mainly four different levels. Firstly, drug R&D activity is 

unsurprisingly unevenly distributed across diseases. The descriptive statistics suggest a 

concentration of R&D activity towards non-communicable diseases. These represent the 

biggest disease burden in high-income countries, and are relatively “less needy” conditions 

in the world panorama of health needs. Cancer receives more than a half of global R&D 

investment. Disease prevalence and willingness-to-pay may play a great role in this 

allocation of resources (Acemoglu and Linn 2004; Lichtenberg 2005). There are signals of a 

market expansion of these therapies in the developed world. Several European countries 

have refined economic evaluation rules for cancer therapy drugs (Drummond and Mason 

2007). At the same time, more private health insurances are advertising the inclusion of 

cancer drugs on the reimbursement formularies.  

 

On the other hand, R&D activity is totally absent in 21 diseases. Several cases refer to 

infectious and parasitic diseases. Mostly, they relate to tropical infectious conditions, also 

designated by neglected tropical diseases, namely schistosomiasis, leishmaniasis, ascariasis, 

trichuriasis, hookworm and trachoma. These constitute areas that receive great amounts of 

public money and academic research (Moran, Guzman et al. 2009). They may be non-

profitable given the low ability to pay for new therapies in low-income countries that suffer 

from these conditions (Kremer 2002; Acemoglu and Linn 2004; Lichtenberg 2005). 

Moreover, to some of these conditions there is already an effective (and cheap) treatment 

alternative (schistosomiasis and soil transmitted helminths can be effectively controlled by 

drugs such as praziquantel). Also, other external factors, namely sanitation conditions and 

hygiene conditions, may be essential to the efficacy of new therapies targeting, for instance, 

tetanus and hookworm10. Others, like diphtheria, depend on the efficacy of public health 

interventions.11. 

 

However, the results do not clearly unveil these disparities: curves show an overall 

concentration of R&D activity towards “more needy” diseases, whilst the conclusions are 

inconclusive for the active projects and phase III of clinical trials (given the crossing of the 

equality line). Scientific knowledge may be the prior aim in early discovery stages, but as 

investments progress, business priorities may become more important. This is particularly 

suggested by the curves representing phase III of clinical trials, which constitute the more-

capital intensive R&D phase, and the concentration of R&D activity on more commercially 

attractive disease markets. 

 

                                                      
10 http://www.who.int/immunization_monitoring/diseases/tetanus/en/ 
11 http://www.who.int/immunization/topics/diphtheria/en/index.html 

http://www.who.int/immunization_monitoring/diseases/tetanus/en/
http://www.who.int/immunization/topics/diphtheria/en/index.html
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Secondly, attrition levels are unequal along the development phases. The descriptive 

statistics clearly show great disparities: many drug projects are in, or stayed in, the early 

discovery phase. This may be due to: (a) firms targeting multiple targets simultaneously, and 

then following the ones with more potential, or those that are more effective, less risky or 

more profitable (Cabral 1994; Grabowski and Vernon 2000; Giaccotto, Santerre et al. 2005); 

(b) the molecule being developed not being sufficiently effective, or presenting high levels of 

toxicity. Furthermore, more active projects are concentrated in the last stages of 

development. Also, the level of market competition may imply pressure differently across 

drug development stages. This may imply more pressure to innovate faster in more 

competitive markets than others. The existence of patents may also undermine the 

incentives to devote effort (faster or slower) to the different drug development stages. 

 

Third, unequal attrition levels are also found across diseases. Infectious diseases and 

neuropsychiatric conditions show relatively higher attrition levels. Moreover, 

discontinuation (complete cease of the project) is very high in endocrine disorders, 

conditions arising during pregnancy and digestive diseases. R&D activity may not be 

profitable in these disease areas given the complexity of the disease pathway, or the 

multidisciplinary scientific know-how  may not be present in-house (Cuatrecasas 2006). Also, 

firms may act strategically by investing in some disease areas that receive huge attention 

from research and academic centres. Firms may find interest in collaborating and benefiting 

from scientific networks and skills, which receive public money and academic expertise, and 

economies of scope and networking benefits may be explored by firms (within the same or 

other disease areas) (Strauss 2010). R&D decisions may change after benefiting from 

externalities from R&D pursued in universities, research centres, and laboratories 

(Henderson and Cockburn 1996; Henderson, Jaffe et al. 1998; Tralau-Stewart, Wyatt et al. 

2009; Danzon 2011; Stevens, Jensen et al. 2011). This may also explain the large number of 

projects being conducted in the early stages and high attrition rates found further along the 

R&D pipeline. Finally, some disease areas may be more competitive than others, with 

greater levels of innovation, which may generate more pressure to exit. 

 

Concluding, these results show evidence of profound disparities of drug R&D activity in 

terms of unmet health need across diseases, throughout the R&D phases. These disparities 

are masking numerous effects related to the peculiarities of disease pathways, market 

incentives, in-house conditions and firms’ behavior, and external conditions. Clinical and 

scientific particularities, such as the complexity of the disease pathway, and the variety of 

scientific knowledge needed to be combined to develop new therapies, may bring additional 

risks and obstacles to pursuing R&D investment in some therapeutic areas. We addressed 

the impact of market size, industrial competition, public money granted to R&D and 

profitability of the projects, on R&D decisions. In-house conditions and firms’ behaviour 

relate especially to the scientific and technological knowledge captured by the firms, risk 

behavior regarding R&D portfolio allocation, strategic behavior on collaboration networks 

with other firms and/or public R&D projects/academic research centres. Finally, some 

external conditions, namely sanitation conditions, effectiveness of public health 

interventions, and political priorities may impact strongly on firms’ R&D decisions. 
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As a last remark, the huge impact of regulation policy on drug R&D decisions should be 

borne in mind. Pharmaceutical R&D activity is regulated in a complex system that, 

undoubtedly, plays a role in the level of disparities. Those policies comprise of, among 

others, incentives to invest in research of certain diseases, through patenting, privileged and 

fastest regulatory process (orphan drug act), purchase commitments (the case of pull-push 

commitment incentives for neglected diseases, cost-effectiveness rules for approval of 

drugs), and safety regulatory rules. These policies may have different effects according to 

different development phases and disease areas. 

 

With all these simultaneous forces it should be remarked that equal distribution of R&D 

activity is not necessarily desirable or expected. Nevertheless, examining discrepancies at 

this level helps shed light on how effective R&D decisions have been in translating to better 

health outcomes across the world, and whether current global health initiatives are focusing 

attention on health interventions that will generate most impact.  

 

This work considered the number of projects by each specific disease as a proxy for R&D 

activity. This is a first tentative measure of activity, which ignores differences in terms of 

levels of investment that projects usually present. Unfortunately R&D investment figures by 

disease are not accessible, but more robust analysis is possible by creating other R&D 

measures. We intend to replicate this analysis by improving it in four aspects. Firstly, I plan 

to construct other measures of R&D activity, namely development phase specific success 

rates (as explored by Danzon, Nicholson et al. 2005) by computing the probability of success 

of New Molecular Entities by disease in each specific phase. Secondly, I intend to check for 

the potential sample bias of IMS health data on public and public-private partnerships. 

Numbers from GFinder on R&D investment in neglected tropical diseases suggest such 

sample bias (Moran, Guzman et al. 2009). I intend to triangulate IMS Health data with data 

from GFinder, Bill and Melinda Gates Foundation, Wellcome Trust, Medical Research Council 

and National Institute of Health. Thirdly, WHO data on DALYs may suffer from publication 

bias, as DALYs are not computed to all disease areas. I expect in due course to replicate this 

analysis with the DALYs calculation released from the forthcoming research by the Institute 

of Health Metrics and Evaluation (IHME). Finally, we plan to evaluate the changes in 

inequalities over time, by considering WHO DALYs data for 2000 and forthcoming results 

from IHME. 

 

It is out of the scope of this methodology to find structural relationships between the 

variables. Further work on the determinants of drug R&D activity may help inform the policy 

debate on more effective incentive schemes to boost R&D in certain disease areas. A 

promising avenue of research is to consider the dynamic and sequencing nature of the drug 

development by using the past history of R&D stages. By controlling for R&D determinants 

extensively explored in the literature, this approach may help examine how different 

determinants may affect differently the length of a current stage of development and its 

probability of success, and exit behavior that is underexplored in the literature. This is what 

we intend to do in the next paper. 
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Appendix A 

Across diseases 

 
Graph 7: Total drug projects Graph 8: Active drug projects 

 
Graph 9: Clinical trials Graph 10: Marketed drugs 

 
Table 2: Concentration indices for disease group level 

 
Table 3: Dominance testing against equality line 
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Within disease groups 

 
Graph 11: Total drug projects Graph 12: Active drugs 

   
Graph 13: Clinical trials

12
 Graph 14: Marketed drugs 

 
Table 4: Dominance testing against equality line 

R&D activity proxies C(h) C˄(x) E(x) 

total 0.192 1.000 0.486 

active 0.057 0.999 0.320 

clinical trials 0.006 1.000 0.302 

marketed 0.174 0.998 0.602 
Table 5: Results of concentration indices for within disease group level  

                                                      
12 List of diseases in blue region in ranking order: other malignant neoplasms, macular degeneration and other, gout, other 

musculoskeletal disorders, std excluding hiv, endocrine disorders, alzheimer and other dementias, meningitis, trachea, bronchus and 
lung cancers, tropical-cluster diseases, other respiratory diseases, cirrhosis of the liver, bipolar affective disorder, other digestive 
diseases, osteoarthritis, iron-deficiency anaemia, asthma, schizophrenia, protein-energy malnutrition, cataracts, diabetes mellitus, 
other neuropsychiatric disorders, other cardiovascular diseases, alcohol use disorders, congenital anomalies,hearing loss, adult onset, 
refractive errors, other infectious diseases, chronic obstructive pulmonary disease, childhood-cluster diseases, malaria, tuberculosis, 
maternal conditions, neonatal infections and other conditions, birth asphyxia and birth trauma, prematurity and low birth weight, 
cerebrovascular disease, hiv/aids, ischaemic heart disease, unipolar depressive disorders, diarrhoeal diseases, lower respiratory 
infections 
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Appendix B 

R&D activity inequalities in terms of disease market attractiveness 

 
Across disease groups 

Disease market attractiveness    

 
Graph 15: Total drug projects  Graph 16: Active drug projects 

 
Graph 17: Clinical trials  Graph 18: Marketed drugs 
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Adjusted disease market attractiveness    

 
Graph 19 Graph 20 Graph 21 Graph 22 

 

Within disease groups 

Disease market attractiveness    

 
Graph 23: Total drug projects  Graph 24: Active drug projects 

 
Graph 25: Clinical trials

13
  Graph 26: Marketed drugs 

                                                      
13

List of diseases in blue region in ranking order: migraine, obsessive-compulsive disorder, cervix uteri cancer, glaucoma, trachea, 

bronchus and lung cancers, alzheimer and other dementias, other malignant neoplasms, trachoma, inflammatory heart diseases, panic 
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Adjusted disease market attractiveness    

 
Graph 27 Graph 28 Graph 29 Graph 30 

 
Figure 5: Dominance testing against equality line 

 

                                                                                                                                                                 
disorder, hypertensive heart disease, macular degeneration and other, other genitourinary system diseases, gout, other 

musculoskeletal disorders, cirrhosis of the liver, epilepsy, iodine deficiency, osteoarthritis, bipolar affective disorder, endocrine 

disorders, other respiratory diseases, other digestive diseases, alcohol use disorders, schizophrenia, diabetes mellitus, iron-deficiency 

anaemia, asthma, childhood-cluster diseases, refractive errors, meningitis, hearing loss, adult onset, chronic obstructive pulmonary 

disease, std excluding hiv, other neuropsychiatric disorders, other cardiovascular diseases, cataracts, congenital anomalies, tropical-

cluster diseases, protein-energy malnutrition, ischaemic heart disease, other infectious diseases, cerebrovascular disease, unipolar 

depressive disorders, tuberculosis, prematurity and low birth weight, neonatal infections and other conditions, birth asphyxia and birth 

trauma, maternal conditions, diarrhoeal diseases, malaria, lower respiratory infections, hiv/aids 
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